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PREFACE 
 

Dear Distinguished Delegates and Guests, 
 
International Conference on Intelligent Structure and Vibration Control 2011 (isvc2011) 
was held in Chongqing, China, from January 14-16, 2011, serving as a platform for 
expertise exchange. ISVC 2011 had drawn the attention of researchers from various 
disciplines: Advanced Intelligent Structure, Bio-inspired Smart Materials and Structures, 
Materials for energy storage, Active Materials, Mechanics and Behavior, Vibration and 
Control, Modeling, Simulation, Control and Applications, Fuzzy System and Fuzzy Control, 
Management Information Systems, etc. 
 
Persons who attended the conference were engineers, scientists, managers of various 
companies and professors of the universities abroad and home. We have had record 
number of submission 683 this year. Only original and unpublished paper would be 
considered, and 200 papers have been accepted for presentation at the conference and 
will be published by TTP, in Applied Mechanics and Materials (AMM) Journal (ISSN: 
1660-9336),  which is online available in full text via the platform www.scientific.net. AMM 
should be indexed by EI according the previous TTP index results. 
 
We express our special gratitude to all the members of the General Committee Chairs, 
Program Committee Chairs, Technical Program Committee and Steering Committee who 
worked so hard to prepare the conference and who supported the conference so 
professionally. 
 
Our deep thanks also go to the sponsors: Shanghai Jiao Tong University, Nanyang Normal 
University, Hebei Polytechnic University, Henan Institute of Science and Technology, 
Chongqing University of Arts and Sciences, Hunan Institute of Engineering, their kind 
support in making ISVC 2011 possible. 
 
Finally, we would like to thanks all the authors, speakers and participants of this 
conference for taking part in and contributing to the International Conference on 
Intelligent Structure and Vibration Control 2011. 
 
We hope you have a unique, rewarding and enjoyable week at ISVC 2011 in Chongqing. 
 
With our warmest regards, 
 
ISVC2011 Organizing Committees 
January 14-16, 2011 
Chongqing, China 
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Abstract. CDMA multiuser detection (MUD) is a crucial technique to mobile communication. We 

adopt improved particle swarm optimization (PSO) algorithm in MUD which incorporates factor w  

and utilizes sigmoid  function to discrete PSO. Comparison of BER and near-far effect has verified its 

effectiveness on multi-access interference (MAI). The algorithm accelerates the convergent speed 

meanwhile it also displays feasibility and superiority in case simulation. 

Introduction 

Wideband CDMA is an important technology in 3G mobile communication. Multiuser detection 

(MUD) serves as a key technique in anti-interference in communication, which was first proposed by 

Schneider in 1979 and was comprehensively studied by Prof. S. Verdu afterwards [1]. 

Performance of conventional MUD is hampered mainly by the transmitting of continuous training 

data series, ensued by the waste of spectrum frequency. Moreover the detector is undermined where 

the channel varies greatly. 

New optimization algorithms have been applied to multiuser detection to deal with the inherent 

deficiency of MUDs, such as artificial neural networks, genetic algorithm, swarm intelligence, which 

can be categorized as computational intelligence. 

Particle Swarm Optimization (PSO) is a swarm intelligent algorithm that performs better than 

genetic algorithm in many aspects [2, 3, 4]. Generally most of engineering problems can be 

transformed into combinatorial optimization, thus we improve PSO as discrete PSO in applying to 

MUD. Specifically, the factor w  is introduced and sigmoid  function is deployed as constraint to 

discrete PSO.  

In section two we introduce the measure of MUD performance. The third section talks about 

improved PSO algorithm and MUD model based on it. Comparison and analysis on this model’s 

performance comes at the fourth section. Finally we arrive at further conclusion and outlook future 

work. 

CDMA multiuser detectors  

Multiuser Detection (MUD) analyses signal of single user out of all the users by detecting the 

information from multiple access interference. It has proved to enjoy the capability of 

anti-interference and solving near-far effect. MUD helps to lower the accuracy demand that system 

controls the power; therefore the system can effectively exploit the upper link resource and enlarge 

the capacity of system. Fig. 1 exhibits types of multiuser detectors. 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.3
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Figure 1. Types of multiuser detectors 

 

Prof. Verdu has put forward an optimal multiuser detection (OMD) theory. It selects 
* * * *

1 2[ , , , ]TKb b b b= …

 that maximizes the likelihood function, according to the waveform of received 

signal ( )r t  in every symbol interval ( )[ ]bb TjjT 1, − . When all the signal series are transmitted in equal 

probability, the OMD equation can be written 

*

{ 1, 1}
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.                                                                                      (1) 

where [ ]**
2

*
1

* ,,, Kbbbb �= is the output vector of OMD; K  is the total number of users; 

[ ]Tkbbbb ,,, 21 �=  is the transmitted data series from disparate users; KKijrR ×= ][  is the PN code 

correlation matrix of every user which is symmetric, and 0≠ijr  e.g. MAI is eliminated in the 

condition that PN codes are incomplete orthogonal. W is the diagonal matrix of energy matrix whose 

diagonal elements represent the received energy of the i th user. 

Bit Error Rate. In the situation of single user, there derives a Gaussian stochastic variable with mean 

of  kw  and variance of 
2σ  after match filtering the received signal. Bit error rate (BER) of single 

user is  

( ) ( )e kP k Q w σ=
.                                                                                                                     (2) 

where                                                             
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Anti near-far effect. Lucas has proposed the degree of anti-near-far effect to calibrate the 

performance of MUDs, which represents the minimum tangent efficiency of detector when the energy 

of other users vary; namely  

_
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( , ) ( 0 , )

inf
i

k k
w
i j k

η η
>
≠

=

.                                                                                                                         (4) 

Discrete particle swarm optimization algorithm 

Particle swarm optimization algorithm mimics the foraging behavior of flocks of birds to solve 

optimization problems. As for combinatorial optimization problems, Kennedy and Eberhart 

propounded binary discrete PSO based the probability model to determine “yes” or “no” [5]. Suppose 

m particles consists of a swarm 1 2{ , , , }mx x x x= �  in a D-dimension foraging space, the information 
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of particle i is represented by a D-dimension vector as 1 2[ , , , ]Ti i i iDx x x x= � , (1, 2, , )i m= � , where ix  

is a vector composed of }0,1{  with its velocity being 1 2[ , , , ]Ti i i iDv v v v= � . 

To begin with, the m  particles are randomly initialized, and then we have to trace individual 

optimum ],,,[ 21 iDiiid pppp �=  and global optimum 1 2[ , , , ]Tgd g g gDp p p p= � , (1, 2, , )i m= � . The 

velocity and location of particle i  is updated by  
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where random number 1 [0,1]k

idρ
+ ∈ , k  is the iteration; 1r  and 2r  are random variables between ]1,0[ ; 

1c  and 2c  are called the acceleration coefficient which adjust the maximum velocity step of global 

best and personal best respectively, practically we set 1 2 2c c= = . The interval of k

idv  is set confined 

by [ ]4,4 +−  lest sigmoid  saturate and the particles may converge into local optimum early. 

Improved MUD model based on DPSO 

Standard PSO MUD is introduced and analyzed in [6]. 

Information of the target user compares to the food, information of any user acts as a bird. The 

distance amidst any bird and the food is quantified by a fitness function, herein we adopt OMD 

equation. The searched out minimum is regarded as optimal solution, thus finally we attain the target 

user information. Parameters are set as follows. 

The system has K  users which form a K  dimension space; there is assumed to be N particles and 

the location of i th particle is 1 2[ , , , ]Ti i i iKb b b b= … , and its velocity is 1 2[ , , , ]Ti i i iKv v v v= … , 1,2...i N= . 

Fitness of particle i  at current location is  

( ) ( )i i iE F b f b= − = .                                                                                                                       (8) 

where fitness function is  

( ) 2 T Tf b b Ay b ARAb= − .                                                                                                                    (9) 

which is the maximum probability in OMD. 

Current optimal solution of particle i  is T
iKiiibest pppp ],,,[ 21 �=  marked by pbest

ib  as its 

corresponding location; optimal solution searched by the swarm is T
Kbest gggg ],,,[ 21 �= , denoted by 

gbestb  as its location. 

Therefore the problem has been transformed from finding the optimal vector of MUD into 

searching the global optimum location in DPSO. Fig. 2 illustrates the model of DPSO MUD.  

The DPSO based MUD follows the main procedure as  

Step 1: Initialize the particles. The element ib  of location vector is randomly produced by -1 or +1. 

Step 2: Define the fitness function as (9) and set isp  as personal best location ibestp , gp  as initial 

global best location gbestp  among the swarm. 

Step 3: As for all the particles, implement the subsequent operations  

1) Update the location and velocity of all particles by (5), (6) and (7) 
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2) Calculate fitness of each particle. Location of ibestp  will be updated if the fitness of particle i  

is better than that of former ibestp . 

3) Update gbestp  if the fitness of all particles’ ibestp  is superior to that of former gbestp . 

Step 4: Go to step 5 if termination condition is met; or else go to step 3. 

Step 5: Output gbestp  and construe the outcome into solution. 

Flow chart of the main procedure is expounded in Fig. 3 

Modulation (1) 

1
b

Kb

2b

Channel 2c  

Channel kc  

( )n t
Match 

Filtering 

(1) 

Match 

Filtering 

(2) 

 

Match 

Filtering 

(k) 

D
P
S
O
 
 
 
 
 
 
M
U
D
 

1
b

2
b

K
b

Modulation (2) 

Modulation (k) 

Spread (1) 

Spread (2) 

Spread (k) 

Channel 1c  

         

  

Selecting the fitness function; setting the 

locations of pbest and gbest  

Update the locations and velocities 

of particles by Eq. () and Eq. () 

Initialization of particles 

Is fitness of particle i  

superior to that of ibestp ? 

No 

Yes 

Set particle i  as current ibestp  

Is fitness of bestp  

superior to that of bestg ? 

Find the highest fitness value of all 

particles and determine the bestp  

Update bestg   

Retain ibestp  

Reserve the bestg  

No 

Yes 

Meet the termination 

condition? 

End 

Yes 

No 

 
Figure 2. DPSO MUD model                     Figure 3. Flow chart of DPSO MUD main procedure 

Simulation and analysis 

Number of system user 10=K , number of particles 12=N , [ ]4,4max +−=V , 9.0max =w , 4.0min =w , 

1 2 2c c= = , termination epoch 32=T . Here Walsh-Hadamard code is employed and we suppose 

AWGN noise is added in the channel. 

We define the average BER in MUD at different SNR as  

10
( )

1

1

10

i

e e

i

P P
=

= ∑ .                                                                                                                                          (10) 

where  ( )i

eP  is the detection error rate of user i. 

Performance comparison on BER versus SNR. With fixed number of users 10=K , we let SNR 

vary from -20dB to 10dB. Fig. 4 and Fig. 5 display the performance of PSO detector and DPSO 

detector. 

At [ ]20,5-SNR∈ , BER performance of DPSO MUD is a bit better than that of basic PSO MUD. 

Even though basic PSO MUD is roughly comparable with DPSO MUD, however the performance 

curve of DPSO is smooth and stable without precipitous humps. Moreover the operation of DPSO is 

conveniently accessible to empirical problems. BER improvement of DPSO system is conspicuously 

better than PSO MUD when SNR is greater than 5dB. The greater the SNR is, the lower the BER will 

be in DPSO MUD system. This phenomenon is ubiquitous among most MUDs individually, 

including basic PSO MUD as well as DPSO MUD. Specifically as for the two, the internal 

mechanism of PSO algorithm should be attributed to the difference between basic PSO and DPSO. 

When the SNR is small, as AWGN is a sort of continuous and stochastic noise added into signal, 

thence particles representing the signal in their location and velocity to search the optimal solution 

have ambiguous instruction or awareness of where to fly and how to communicate within itself and 

amidst the swarm, because of the intense interference. Therefore basic PSO and DPSO MUDs have 
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comparable performance. When Eb/No is great, DPSO imposes sigmoid  function to convert 

continuous signal into binary bits which reflects original information. Since the energy of noise is 

much weaker than signal, errors of the convert by sigmoid  function are rather statistically less than 

errors induced by PSO MUD whose particles wander the interval [ ]1,1 +− . 

BER performance versus number of users. If Eb/No=10dB is fixed, number of users is set to 

increase from 4 to 16, the BER performance is illustrated in Fig.6 and Fig. 7. Improved PSO MUD 

transcends basic PSO MUD in BER performance when users amount. Fig. 7 indicates BER 

performance and near-far effect have been improved remarkably by DPSO MUD, which plaudits its 

efficacy. 

                 
Fig 4. BER vs. SNR curve of Basic PSO MUD                     Fig. 5 BER vs. SNR curve of DPSO MUD  

                
Fig 6. BER vs. user number curve of Basic PSO MUD      Fig. 7 BER vs. user number curve of DPSO MUD  

Summary 

The discrete PSO algorithm for multiuser detection has exhibited improved performance in 

convergent and BER compared with basic PSO MUD. DPSO MUD proves to be practically feasible 

in CDMA system but it requires much training information. Thus a more effective method needs to be 

studied so as to conquer intersymbol interference, near-far effect in mechanism, which enjoys a 

broader realm of application in wireless communication systems. 
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Abstract. Based on the CFD/CSD (Computational Fluid Dynamics / Computational Structural 

Dynamics) algorithm, flutter characteristic and fluid structure interaction (FSI) problems of 

turbomachinery blades were studied in present paper. The three-dimensional unsteady 

Navier-Stokes equations and three-dimensional structural model were solved by the finite volume 

method and the finite element method, respectively. High accuracy in calculation and data exchange 

were gained by using load transfer, deformation tracking and synchronization between two solvers. 

The procedure successfully simulated the aeroelastic responses of a high performance fan rotor, 

NASA Rotor 67, over a range of operational conditions, and the results were compared with the 

experiment. The results show that the flutter mechanics of the compressor blade could be illustrated 

based on mean pressure and the distribution of cycle work, which is helpful for the decision of 

compressor stability.  

Introduction 

Since last century 90s, with the compressors level loads of the advanced high-bypass pressure 

ratio  turbofan engine were more and more higher, the working conditions of fans and compressors 

blades were very severe, so it often broke down. In the aeroengine area, vibration failures account 

for more than 60% of total aeroengine failures, and blade failures more than 70% of vibration 

failures. The flutter was the mainly reason on the blade failures, which belonged to an important 

aeroelastic stability problem. It adapt from the self-excited vibration induced by flow, the blade of 

elastic body produced aerodynamic coupling vibration[1]. 

 The common methods of blade flutter analysis mainly consist of energy method and 

time-domain analysis method.  The energy method evaluated flutter character by aerodynamic 

force work. The time-domain analysis method makes the fluid-structure-interaction (FSI) 

calculation for unsteady flow field, so it could define that the vibration displacement stabilized or 

diverged. The calculation method with FSI, which is coupling calculation of the unsteady 

aerodynamic force and structure instant deformation, could greatly increase ratio of precision in 

numerical simulation, especially in transonic domain where had the high nonlinear influence. The 

method could handle large deformation of the structure body, geometric nonlinear and material 

nonlinear complicated conditions [2]. 

With the rapid developments of CFD calculation technique and great improvements of 

computersperformance, the coupling calculation method of CFD/CSD developed promptly[3]. The 

paper used cell-centered discretization on multiblock meshes and dual-time stepping  time 

integration with SST model , and the commercial CFD code CFX is coupled with a structure FEA 

solver, ANSYS, to perform fluid structure interaction (FSI) analysis for the typical turbomachinery 

blade – NASA Rotor 67, flutter character was researched on this basis, so provided the criterion for 

the analysis of compressor flutter . 

© (2011) Trans Tech Publications, Switzerland
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Simulations and Results  

NASA Rotor 67 has been recognized as a 

popular test case for three-dimensional viscous flow 

prediction procedures [4, 5] because of its detailed 

experimental data using a laser anemometer [6]. 

Thus the paper certificate s aeroelastic numerical 

method with using NASA Rotor 67. The Rotor 67 

consists of 22 blades. The blade aspect ratio is 1.56. 

At the design point, the rotational speed of the rotor 

is 16,043 rpm, with a tip inlet relative Mach number of 1.38, a total pressure ratio of 1.63 and a 

mass flow of 33.25 Kg/s. 

 The flow and structure computational grid used for the present study is shown in Figure 1 with 

the blade-to-blade view and one blade view, respectively. The flow mesh consisted of 152091nodal 

points and 142128 elements in total. The structure element was chosen as solid187，which element 

thickness matched the true thickness of the blade. And the blade root was fixed. With the 

computational results of steady fluid as initial condition, the analysis module Flexible Dynamic was 

solved the blade structure vibracation in the unsteady aerodynamic force. In modeling NASA Rotor 

67, an imaginary material whose Young’s modules, Poisson’s ratio, and density are chosen to be 

1.422e+11 Pa, 0.3 and 4539.5 kg/m3, respectively, such that the first natural frequency becomes 

around 400 Hz. 

Flow Calculations 

Before the unsteady aerodynamic calculation, it should use the results of the steady 

aerodynamic calculation as the initial conditions of the unsteady aerodynamic calculation. For 

simplifying the calculation model, the steady flow model did not consider blade tip clearance and 

the turbulence model used SST model. The initial conditions and the boundary conditions were 

given as follows: 

� Inlet boundary conditions: the incoming flow was axial intake, the total temperature and the 

total pressure were given in inlet boundary; 

� Outlet boundary conditions: the backpressure was given in outlet boundary; 

� Wall boundary conditions: the no-slip wall boundary conditions were used, and the speed of 

flow mass point in the wall is equal to the speed of the wall. Otherwise, there was adiabatic in 

the wall boundary conditions; 

� Phase contrast period boundary conditions: Phase contrast period boundary is located in the 

upstream and downstream stage cascade passage.  

Figure 2 and Figure 3 are the comparison diagrams of characteristic calculation and 

experimental results [6]. The compressor prediction performances match well with experimental 

results in these diagrams, but there is some error in total pressure ratio, as Figure 3 shown. The error 

creates mainly by shock impact, viscous flow loss and flow separation. 

  

Fig.1  Flow and structure computational grids 
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FSI Calculations 

The FSI Calculations need combined with the unsteady aeroelastic results. The vibration effect 

of the blade is determined by the forced aeroelastic response with initial displacement. The unload 

blade structure calculates steady calculation results in the preamble. Before the aeroelastic response, 

the blade can move and power relaxes in the steady load, then the blade deforms in the first modal 

arrangement. Once the blade gains new convergence results with the initial distortion, it will move 

and deform response to the aeroelastic effect. 

In the every physics time step, the displacement of the structure and the aeroelastic parameter of 

the flow field would solve with the coupling iteration. At first，the coupling control and the data 

changing process in the coupling face, and the aeroelastic parameter units are uniformed, then it 

calculates the aerodynamic force of the element mesh point on the structure surface, and solving 

Eq.(3) and Eq.(4) for get the deforming value of every point. Using the deforming value on the 

structure surface as the boundary conditions, the mesh solving process can gain the fluid mesh 

position of every point and the fluid mesh speed. Finally, the aerodynamic force equation is solved 

in the new mesh for obtain the update aerodynamic force field.  

Stability Decision 

The inter-blade phase angle (IBPA) σ  is determined by the initial displacement and velocity of 

the displacement for multi-passage computations. Moreover, the IBPA is forced by the periodic 

boundary condition. For example, considering the case for σ=180 degree.  The computation needs 

to be performed with two passages where one blade is given an initial displacement and zero initial 

velocity of the displacement and the other is given the initial displacement in the opposite direction 

with the same amplitude and zero initial velocity of the displacement as well. In this paper, cases for 

σ =0 (one passage) and σ =180° (two passages) degrees are examined in order to save 

computational costs. Four cycles of vibration, which is about 0.016 seconds, were found to be 

sufficient to distinguish whether the oscillation decays or grows.  A total of 36 time steps per 

vibration period of the first oscillation mode were chosen to ensure the accuracy of the coupled 

system with the dual time stepping scheme and the Newmark scheme. In per unit physical time step 

would provide a reasonable time-accurate pressure distribution to the structure.       

The time history of the displacements may assess the flutter stability. Figure 4 and Figure 5 

show the variation of the circumferential direction displacements of the blade with time for σ = 0° 

and 180° at the near peak efficiency point. 
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Fig.2  Rotor adiabatic efficiency at design speed Fig.3  Rotor total pressure ratio at design speed 
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Fig. 4 Oscillation of the blade circumferential in σ= 0�  
Fig. 5  Oscillation of the blade circumferential 

deflection in σ=180�  

Figure 4 shows almost a typical response with constant amplitude of oscillation. Figure 5 shows 

decreasing amplitude with each oscillation cycle, indicating decay in the oscillation and flutter free 

condition. So the aerodynamic damping for σ=180�  is much greater than that for σ=0� . 

To examine the unsteady pressure influence on the stability of the blade motion, the work per cycle 

is a parameter often used to represent the contributions of unsteady pressure fields to the stability. 

The work per cycle cW  is the work done by the fluid on a given blade over one cycle of its motion. 

The work per cycle can be shown as follows,  

( ) ( ), , , , , ,
t T

C
t

W p x y z t q x y z t dSdt
+

∂Ω
= ⋅∫ ∫ �                            (10) 

    

Fig. 6 Mean pressure distribution on the blade surfaces, 

σ=0�  

Fig. 7 Work per cycle distribution on the blade 

surfaces,σ=0�  

    

Fig. 8  Mean pressure distribution on the blade 

surfaces, 180σ = �  

Fig.9  Work per cycle distribution on the blade 

surfaces,  180σ = �  

From figure 6 to figure 9, the left figures are the pressure surface and the right figures are the 

suction surface.  Figure 6 and figure 7 show the mean pressure and work per cycle distributions 

inσ=0� . A peak in the work per cycle exists in the region where the shocks sit on the blade in figure 

7. On the suction surface, shock appears continuous curve from the inlet in the span-wise direction. 
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However, a negative peak in the work per cycle distribution appears only at the location where the 

lower part of the shock sits on the suction surface.  Between the casing and the 50% span, the 

passage shock is very strong and indicates that an adverse pressure gradient follows that may cause 

shock induced separation. On the pressure surface, there is a positive peak near the location of the 

in-passage shock. At the same time, the regions of exciting and damping forces on both surfaces are 

quite close.   

Figure 8 and figure 9 show the mean pressure and work per cycle distributions for σ = 180°. For 

this case, the two kinds of shocks on the suction surface mentioned above do not form a continuous 

line. The forces generated by the in-passage shock on the suction surface works to dampen the 

oscillation, while the value along the oblique shock minishes. It shows obviously that the in-passage 

shock on the pressure surface produces the large damping forces toward the leading edge. Thus it 

can be clearly explained the physical mechanism for the decaying response of σ =180°.  

Conclusion  

A  fluid/structure  coupled  aeroelastic  solver  for  turbomachinery is developed for use 

in turbomachinery flutter simulations, the solver is based on a three-dimensional unsteady RANS 

solver, CFX,  and  the  finite  element  structural  analysis  package, ANSYS. The high 

accuracy preserves with loading transform, mesh deformation transferring and synchronization 

methods in these parts. The solver resolves turbomachinery blade period oscillation in work 

condition and identifies the compressor stability based on the mean pressure and the related work 

per cycle. Results present for Rotor 67 reveal that the main contribution to the stability of a 

transonic fan is the unsteady forces generated by the shock motions. IBPA play the most important 

role for determining these shock motions. The coupling method of Fluid solver and structure solver 

such as presented here simulates the aeroelastic response for turbomachinery in work condition and 

the flutter model, the aeroelastic results match well with the experiment data, consequently, it 

validates the exactness and the effectivity of the coupling method. 
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Abstract. Gene expression programming (GEP) is a kind of phenotype/genotype based evolutionary 

computation. Code reuse is an important issue in GEP. Various methods are used in current literature 

to achieve this task. In this paper, we compared six GEP based algorithms by experiments. We proved 

that although it’s possible invent different kinds of code reuse strategies, current available strategies 

are powerful and efficient. 

Introduction 

Gene expression programming (GEP)[1] is a kind of phenotype/genotype based evolutionary 

computation. It uses the linear string as its genotype, on which its genetic operators are performed, 

and it also uses expression tree as its phenotype, on which the fitness of each individual is evaluated. 

GEP has been used in various fields, such as symbolic regression, function finding, classification 

rules mining[2,3,4]. It has gained wide applications to scientific and technical problems for modeling 

and prediction.  

One problem in function finding is that some sub-structures show up repeatedly in the expressions 

of results, this kind of using gene blocks repeatedly is called code reuse. And this kind of problems is 

more worth noticing in complex problems. In [5, 6], Koza made the key point that the reuse of code is 

a critical ingredient to scalable automatic programming. The canonical strategy of code reuse in 

Genetic Programming is Automatically Defined Functions (ADFs). It has been proved to be useful 

and effective. 

Code reuse is also an important issue in GEP [2]. Basic GEP uses single and multiple gene systems, 

in order to improve the efficiency and quality of solutions, various code reuse strategies have been 

proposed, some of the most commonly used are: Automatic Defined Functions (ADFs), Multi layer 

chromosome, overlapped gene technique and homeotic gene technique. These algorithms have been 

used to compare with single and multiple gene systems. However, these comparisons lack of sound 

theoretical foundation. And comparisons of these algorithms are also needed.   

In this paper, we compared six GEP algorithms by experiment results. We proved that although we 

can still invent different kinds of code reuse strategies, current available strategies are powerful and 

efficient. 

Introduction of Gene Expression Programming 

Gene Expression Programming [1] uses fix length strings as its genotypes. The genotypes are later 

expressed as phenotypes, i.e., Expression Trees (ETs) with different sizes and shapes. In basic GEP, a 

chromosome is composed of predefined number of genes. Each gene is divided into head and tail 

parts. In the head region, nodes could be elements selected from a function set or a terminal set, while 

in the tail region, nodes could only be selected from terminal set. The size of the head (h) is 

determined by the user, and the size of the tail (t) is computed as: 

                                 t = h*(n-1)+1                                                                                         (1) 
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considering n the maximum arity in the function set for the particular problem. The gene is translated 

into an expression tree by following the level order traversal. And the expression tree is easy to be 

converted into a mathematical expression. The part in the gene not encoded in the expression tree is 

called non-coding area. When multiple genes in a chromosome are expressed, they are connected by 

linking functions such us arithmetical functions or Boolean functions. By this way, several ETs can 

combine to form a bigger ET.  

The chromosomes in GEP are subjected to initialization, evaluation, selection, recombination and 

mutation operators, and the best solution is derived after generations of evolution, as other 

evolutionary computation techniques do. Usually five components are specified when using GEP to 

solve a practical problem: the function set, the terminal set that includes problem-specific variables 

and pre-selected constants, fitness function, control parameters, and stop condition [2]. 

Various GEP Encoding Methods 

Basic Single/Multi Gene GEP and ADF. As GEP mimics the evolution of the nature, it uses genetic 

operator to introduce diversity into the system [1,2]. The genome or chromosome consists of a linear, 

symbolic string of fixed length composed of one or more genes. The simplest chromosome of GEP is 

single gene chromosome. The system which is a little bit more complex and efficient is system with 

multi-gene chromosome. In multi-gene systems, each gene encodes a sub-ET and the sub-ETs interact 

with one another to form a more complex entity. They can be efficiently used to evolve good solutions 

to virtually all kinds of problems.   

However, multi-gene systems are not always the most efficient because good parts in the genome 

are often destructed by genetic operators such as crossover or mutation. And a part which may be very 

close to the one in the perfect solution or sub-task is discarded and never shows in the evolution again. 

This may lead to longer evolution or failure of the whole system.  

A simple and natural way to solve this problem is a special class of genes - Homeotic genes. 

Homeotic genes have exactly the same kind of structural organization as conventional genes and they 

are built using an identical process. In genetic programming, this kind of homeotic gene is called 

Automatically Defined Functions (ADFs)[2]. In GEP, this name is also used with the same meaning 

CHN-GEP. Although ADF is a powerful and simple method of code reuse, it is of course not the only 

way to achieve this purpose. Code reuse is also possible by just introducing some slight changes in the 

coding method. One of some effective ways is multi-layer chromosomes GEP (MGEP) or 

chromosome hierarchy network GEP (CHN-GEP)[7]. The characteristics of CHN-GEP algorithm are 

as follows: 

1. Each individual in the population is composed of many chromosomes. 

2. Each chromosome may have different character sets or length. 

3. All chromosomes, from the top to the bottom can be divided into many levels, and the gene of the 

upper level chromosome can call the genes of lower level chromosome. 

Multi-Gene Evolutionary Algorithm Based on Overlapped Expression (MEOE). Inspired by the 

overlap gene expression in biological study, Peng [8] proposed MEOE algorithms to simulate the 

natural biological evolutionary.   

The translation process is as follows: 

1. Scan each element of gene in order.  

2. If the current symbol belongs to T, then let it be a leaf-node in ET. 

3. If the current symbol belongs to F, then let it be a non-leaf node in ET, the number of its sub-trees 

equals the number of the function parameters. Let the element which is the directly succeeding of 

current symbol be the first root node of the sub-trees, the secondary element be the root node of 

secondary sub-trees, and the rest may be deduced by analogy. If it meets the end of the gene, then let 

the first element in T as sub-tree root-node. 

Head+body+tail Based Multilayer GEP. In order to improve the ability of mathematical modeling, 

decrease the complexity of model, and introduce the mechanism of learning, Kang [9] proposed a new 
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gene structure. It is composed of three parts: the head with length h come from Function Set (F), the 

body with length b come from F and Terminal Set (T), and the tail with length t come from T, where 

h determines the lowest complexity of the program, and h+b determines the highest complexity of the 

program, and t is the function of h and b: 

                                

                                        t= (n-1)(h+b)+1                                                                                     (2) 

 

It is the extension of the expression (1). When h = 0, it becomes expression (1). Since its gene is 

composed of three parts, for the convenience of comparison, we call it M3GEP.  

By this means, the multi-gene chromosome structure is extended too, so that the mechanism of 

learning can be introduced. Extends the terminal set of homeotic gene, its terminal set *

g gT ={T ,T}not 

only includes the terminal set Tg of the former homeotic gene but also includes the terminal set T of 

traditional gene, so the expression ability of main program is improved and then the searching ability 

of the algorithm is improved. Multi-level homeotic gene structure constructs multi-cellular 

chromosome. However, the terminal set of the root homeotic gene: *

c c gT ={T ,T }  which not only 

includes the elements set c l 2T  ={c , c }of the cell but also includes their terminal set *

gT . 

Experiment Results and Analysis 

Experiment Settings. In order to compare the performance of the six algorithms, we tested them on 

two typical symbolic regression problems. The first is a relatively easy problem
2

( ) 3
2

a
f a a= + , the 

second is a fairly high order function, i.e., the widely used sextic (order of 6) 

polynomial 6 4 2( ) 2f a a a a= − + . The two functions are widely used in evolutionary computation 

performance evaluation. In order to be fair, we use same parameters for all algorithms, and the total 

length of each algorithm is set to be equal to 51 so as to compare the code reuse and problem solving 

ability of all the algorithms. We choose a fairly small population size of 60 and a fairly small 

maximum generation of 1000 for all algorithms because these settings are big enough for at least one 

algorithm to find the target function. And the one which is able to find the target function can be used 

as the baseline of performance comparison. For genetic operators, we follow the settings of [1], we 

use the same settings for all algorithms except some operators are only designed for a specific 

algorithm. Detailed settings are listed in Table 1. 

 
Table1. Experimental settings 

 Single Gene Multi Gene ADF CHN-GEP MEOE M3GEP 

Function set + - * / Q + - * / Q + - * / Q +-*/ Q + - * / Q + - * / Q 

Number of chromosome 1 1 1 3 1 3 

Linking function + + NULL + + + 

Number of gene 1 3 3 (3, 3, 1) 3 (3, 3, 1) 

Head length 25 8 5 (3, 3, 4) - (3, 3, 4) 

Body length - - - - 17 - 

Chromosome recomb. rate - - - 0.1 - 0.1 

Gene random recomb. rate - - - 0.1 - 0.1 

Precision 0.001 0.001 0.001 0.001 0.001 0.001 

Experiment Results. The first experiment is a relatively easy problem. From the experiment results 

we can see that Multi Gene GEP gets the highest success rate and average runtime. While, as we look 

into the average generation of each success regression, ADF is the fastest to find the target function.  

There may be two reasons for the results, on one hand, it is a function with two coefficients which 

need to be generate with complex replacement expressions in the system without RNCs. However, in 
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this situation, ADF still has the shortest average expression length, that means for the same problem, 

ADF needs the least gene to encode the solutions. 

Although the problem seems to be simple and easy to find, the success rate of each algorithm is not 

satisfactory.  This can also be explained in two ways, one is that this is not a typical problem for code 

reuse, the problem can be solved with multi-gene system. The other is that random numbers are 

necessary for problems with Coefficients. 
Table 2. Experimental Results of Test Problem 1 

 Single Gene Multi Gene  ADF  CHN-GEP    MEOE M3GEP 

Avg. Exp. Length 31 26 20 25 36 24 

Success Rate 0.37 0.67 0.28 0.52 0.24 0.49 

Avg. Gen. 142.03 183.3 117.37 156.54 125.96 145.79 

Max. Gen. 981 916 906 888 999 998 

Min. Gen. 77 9 45 3 27 2 

Avg. Runtime(s) 1.50063 1.34671 4.75063 3.96641 19.12907 5.54312 

 

The second experiment is also a typical example of code reuse. Its simplification is
2 2( 1)a a− ∗ , if 

there are gene block of a and 1−a which can be called repeatedly, then the search process would be 

much faster than just get the high order expression with multiplications.  

 Experiments show that except for MEOE, other algorithms are all able to solve the code reuse 

tasks. The success rates of function finding are all close to 100%. And on this problem, we can see 

that ADF has the least maximum success generation, minimum success generation and average 

runtime. On this problem, GEP is very close to GP. What’s more, ADF find the most parsimonious 

solutions.  

This problem enhances the importance of code reuse in high order function finding. And given 

limited length of gene expressions, the algorithm would not be able to find the solutions without code 

reuse, thus causing poor success rates.  However, ADF, CHN-GEP and M3GEP are all able to solve 

this problem perfectly. 
Table 3. Experimental Results of Test Problem 2 

 Single Gene Multi Gene  ADF  CHN-GEP   MEOE M3GEP 

Avg. Exp. Length 36 33 17 22 43 16 

Success Rate 0.59 0.19 0.98 0.98 0.14 0.99 

Avg. Gen. 185.98 99.74 73.66 108.15 68.81 134.74 

Max. Gen. 983 989 553 856 812 879 

Min. Gen. 9 101 1 6 113 3 

Avg. Runtime(s) 2.2775 3.61313 0.78219 1.27063 12.27955 2.0386 

 

From the experiments, we can see that in the four strategy of code reuse, ADF, CHN-GEP and 

M3GEP can get best success rate on different problems and no one algorithm outperforms others on 

runtime. And MEOE always gets the lowest success rate and the longest runtime. 

On express ability, it is clear that ADF has the most powerful express ability, it gets minimum 

expression length on both problems, and especially on the third experiment its average length, along 

with M3GEP is far shorter than other algorithms. 

Generally speaking, multi gene system is able to solve simple and medium complicate problems 

with some efficiency, its code reuse ability is limited. While for ADF, CHN-GEP and M3GEP, each 

strategy will show some specific trait. The three strategies are able to solve difficult, especially high 

order problems. However, MEOE is highly affected by its time cost of code reuse. 

Conclusion 

Code reuse is an important and useful tool for evolutionary computation techniques, especially gene 

expression programming to solve regression problems as well as other learning tasks. In this paper, 
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we’ve compared the available six algorithms with different strategies by mathematical proof and 

experiments. Performance and mathematical proof reveal that code reuse is useful in many regression 

problems.  

It is clear that although multi gene GEP system is generally efficient and enough for simple 

problems, it is not good enough to solve hard problems with limited chromosome length and 

generations. ADF, CHN-GEP and M3GEP are three similar algorithms with hierarchical structure, 

they are easy to implement and effective for many regression problems. Maximum express space is 

reached only when all the nodes in the genotype are functions instead of terminals, and that case 

doesn’t always happen. So it is not a convincing method to evaluate the expected performance of 

algorithms. 

Future work should be more detailed mathematical proof of all the algorithms in the same frame 

and more experiments to verify the proof. Other kinds of code reuse methods such as Prefix GEP [3] 

also worth studying. 
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Abstract: In solving non-linear inverse optimization problems, how to make sure one and only 

solution and cut down computational effort are two very representative challenges. As thus, the 

derivative-free filled function method is proposed, it couples the classical filled method theory and 

dynamic canonical descent method. The application results of non-linear inverse analysis of 

material parameters for a practical engineering show that the derivative-free filled function method 

can quickly solve non-linear inverse problems with one and only solution, and it will be robust one 

in non-linear inverse solution field. 

Introduction 

In recent years, it is very popular to solve nonlinear inverse analysis by optimization method, if we 

let n be the dimension of inverse analysis problem and f be a function from nR to R , and the 

following optimization model(p) is often expressed as an inverse analysis problem: 

           

* 2

1 2

1

min ( ) [ ( , , , ) ]

. . , 1, 2,3, ,

m

i n i

i

i i i

f x u x x x u

s t a x b i n

=

 
= − 

 
 ≤ ≤ = 

∑ �

�

      (p) 

Wherem is the number of monitoring points, iu and 
*

iu are respectively computable displacement 

and monitored displacement at one monitoring point, ia and ib express respectively lower and upper 

bound to ix .  

Considering nonlinear inverse optimization analysis, how to make sure one and only solution 

and cut down computational effort are two main challenges. So far, an expressive number of 

methods with global optimization capability have been tried to get the one and only solution, such 

as genetic algorithm (GA) [3], simulated annealing (SA) [4], particle swarm optimization (PSO) [8] 

and so on. However, these heuristic algorithms often have slow optimization speed even for not so 

complicated problems and limited capabilities of global search. 

Because of that, a new optimization method is proposed to solve nonlinear inverse analysis 
problems, which integrates filled optimization method with dynamic canonical descent optimization 

method for global convergence and no differential coefficient. 

The derivative-free filled function method 

Firstly, the above optimization problem (P) will be translated into the following: 

            

{ }
min ( )

. . , | i i i

U x

s t x X X x a x b

  
 

∈ = ≤ ≤  
        (AP) 
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Where ( )U x is a considered commonly filled function. 

The derivative-free filled function method is applied to acquire solution of optimization 

problem (AP), the acquired solution is just the solution of optimization problem (P). The 

optimization proceedings of new proposed method can be expressed as the following: 

Step0: Set an initial guess 0x in bound-constrained district of model (P). 

Step1: an ordinary minimization optimization algorithm is used to solve model (P) for a 

minimization point *x X∈ . 

Step2: update 0x on the ground of 0 *x x= . 

Step3: calculate *( )f x . 

Step4: if *
( )f x ε≤ (ε is a too much small positive number), go to Step11. 

Step5: construct filled function ( )U x at *x . 

Step6: let updated 0x be an initial guess, Call dynamic canonical descent method to solve model (AP) 

to get a minimization point 2x . 

Step7: if 2
( )f x ε≤ , let * 2x x= , then go to Step11 

Step8: update 0x on the ground of 0 2x x= . 

Step9: if 2 *
( ) ( )f x f x> , go to Step6. 

Step10: let updated 0x be an initial guess, then go to Step1. 

Step11: stop the proceedings, the solution of model (P) is *x  

In the above optimization proceedings, the dynamic canonical descent method, initially 

proposed by Bousson[7], is involved and is also described in detail in the article[1] and needs no 

repetition here. The argument in favor of the superiority of the dynamic canonical descent algorithm 

over other algorithms is that the minimization process is based on a high exploration search[1] with 

the good capability of global optimization[1]. 

Identification of parameters in elastic-plastic inverse analysis problem 

In this section, the new proposed algorithm is applied to identify mechanical parameters about one 

side slope. Fig1 shows the structural sketch of side slope with the chosen measuring points, the 

density of rock slope is 2600 3/Kg m . In the process of inverse optimization, the monitored 

displacements at every monitoring point are chosen as the foregone information. In addition, the 

software ABAQUS is brought into the inverse optimization for computable displacements at every 

measuring point with Mohr-Coulomb strength criterion. Fig2 shows the compartmentalized mesh of 

rock slope and the inversely analyzed parameters are the deformation modulus Ε in 
9[0.1, 20] 10 Pa× , the Possion rationν in [0.15,0.35] , the cohesion c in 3[0.1, 20] 10 Pa× and the 
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internal friction angleφ  in 0 0[10 ,35 ] . Finally, the proposed new algorithm gives the four parameters 

as such: 3.0GPaΕ = , 0.25ν = , 

32.0 10 Pac = × , 025φ = . 

Fig3 gives the deformation map about rock slope at the end of optimization and Fig4 shows the 

comparison between inverse analysis displacements and measured displacements at every 

measuring point. From Fig4, it can be seen that there only exists a small difference, so it can be 

concluded that the inversely analyzed parameters reasonably gives the mechanical properties of 

rock slope. 

 

 

 

Fig1. The structural sketch of rock slope 

 

 

    

Fig2. The compartmentalized mesh of rock slope     Fig3. The equivalent plastic deformation map 
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Fig.4. the comparison from inverse analysis displacements and measured displacements 

Concluding remarks 

This paper proposes to integrate the filled function method and dynamic canonical descent method 

for no differential coefficient in optimization. In the elastic-plastic inverse displacement analysis, 

the new proposed algorithm is introduced to give mechanical properties of one rock slope, the 

optimization results show that the new method can quickly converge to a reasonable point and gives 

exact inverse analysis parameters, so it can be concluded that the new proposed algorithm should be 

robust one in solving nonlinear inverse analysis problems  
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Abstract. This paper investigates the delay-dependent robust stability of neutral systems with 

time-varying discrete delays and time-varying structured uncertainties. New delay-dependent 

stability criteria are obtained  and formulated in the form of a linear matrix inequality. Since the 

criteria take the sizes of the neutral delay, discrete delay and derivative of discrete delay into 

account, they are less conservative than previous methods. Numerical example is given to indicate 

significant improvements over some existing results. 

Introduction 

The problem of stability of neutral systems has received considerable attention in the last two 

decades[1-8]. This paper aims to present a new simple delay-dependent stability criterion for neutral 

systems with time-varying delay. Based on the relationship among all states and derivatives of all 

states and linear matrix inequality, a new both neutral-delay-dependent and 

discrete-delay-dependent criterion is established with less conservative than the previous methods 

for mixed delays. The criterion obtained is then extended to a neutral system with time-varying 

uncertainties. Finally, A numerical example illustrates the improvement the proposed method 

provides over previous methods.  

Main result 

Consider the following neutral system with a time-varying delay in the state: 

 

                    
2( ) ( ) ( ) ( ) ( ) ( ( )),

( ) ( ),  [ ,0],                                                    

x t Cx t A A x t B B x t d t

x t t t

τ
φ τ
− − = + ∆ + + ∆ −


= ∈ −

� �

            (1) 

where ( ) nx t R∈  is the state vector, and ,A B are system matrices with compatible dimensions. The 

spectrum radius of the matrix , ( ),C Cρ satisfies ( ) 1Cρ < .The time delay ( )d t  is a time-varying 

continuous function satisfying 

0 ( ) ,     ( ) 1d t d d t µ≤ ≤ ≤ < ,                               (2) 

where d  and µ  are constants, 2max( , ), ( )d tτ τ φ=  is a continuous vector-valued  function of 

[ ,0]t τ∈ − . The time-varying structured uncertainties are of the form 

[ ( ), ( )] ( )[ , ]a bA t B t LF t E E∆ ∆ =  ,                             (3) 

where , ,a bL E E   are constant matices with appropriate dimensions. ( )F t is an unknown and 

possibly time-varying real matrix with Lebesgue measurable elements  and its Euclidean norm 

satisfies 

                        || ( ) || 1,  F t t R≤ ∀ ∈ .                                    (4) 

First, consider the nominal system of system (1) 

2( ) ( ) ( ) ( ( ))x t Cx t Ax t Bx t d tτ− − = + −� � , 

( ) ( ),    [ ,0]x t t tφ τ= ∈ − .                                      (5) 

The operator G  is defined to be 2( ) ( )tGx x t Cx t τ= − −  
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Definition 1 The operator G  is said to be stable if the zero solution of the homogeneous 

difference equation 

                             0 20,  0,  { ([ ,0]) : 0}tGx t x C Gψ φ τ φ= ≥ = ∈ ∈ − =  

is uniformly asymptotically stable. 

Theorem 1 For given scalars 2 ,dτ  and µ , the neutral system (5)  is asymptotically stable for 

any delay ( )d t  satisfying Condition (2) if there exist positive definite matrices 1 20, 0, 0P Q Q> > > , 

0, 0, 0Z W R> > > and any appropriately  dimensioned matrices 1 2 3 4 1 2 3 4, , , , , , ,Y Y Y Y T T T T  such that 

the following linear matrix inequality (LMI) holds. 

                                0Ω < ,                                       (6) 

where 

               

11 12 13 4 4 1 2 1

22 23 4 2 2 2

33 4 3 2 3

4 2 4

2

*

* * 0

,* * *

* * * * 0 0

* * * * * 0

* * * * * *

T T T

T T

T

T

Y T dY T A S

Y dY T B S

T dY T

R dY T C S

dZ

W

S

τ
τ
τ
τ

τ

 Ω Ω Ω + − −
 

Ω Ω − − − 
 Ω − − −
 

Ω = − − − 
 −
 

− 
 − 

 

11 1 1 1 2 1 1 ,T T TPA A P Y Y Q Q T TΩ = + + + + + + +    
12 1 2 2 ,T TY PB Y TΩ = − + + +    

22 2 2 1(1 ) ,TY Y QµΩ = − − − −  

13 3 1 3 ,T T TY A PC T TΩ = − − +               23 3 2 ,T TY B PC TΩ = − − −    33 2 3 3 .TQ T TΩ = − − −  

Proof Choose the Lyapunov functional candidate for system (5) with time-varying delay as 

1 2 3 4 5 6( ) ( ) ( ) ( ) ( ) ( ) ( ),t t t t t t tV x V x V x V x V x V x V x= + + + + +              (7) 

( )1( ) ,
T

t t tV x Gx PGx=                                           (8) 

0

2 ( ) ( ) ( ) ,
t

T

t
d t s

V x x Zx d dsα α α
− +

= ∫ ∫ � �                                 (9) 

3 1
( )

( ) ( ) ( )
t

T

t
t d t

V x x s Q x s ds
−

= ∫ ,                                   (10) 

2

0

4 ( ) ( ) ( ) ,
t

T

t
t s

V x x Wx d ds
τ

α α α
− +

= ∫ ∫ � �                                (11) 

2
5 2( ) ( ) ( )

t
T

t
t

V x x s Q x s ds
τ−

= ∫ ,                                    (12) 

2
6 ( ) ( ) ( ) ,

t
T

t
t

V x x s Rx s ds
τ−

= ∫ � �                                      (13) 

where ( ), 2 0tx x t θ τ θ= + − ≤ ≤ and matrices 1 20, 0, 0P Q Q> > > 0, 0, 0Z W R> > > . 

Calculate the derivative of ( )tV x  along the solution of system (5). Then, by the Newton-Leibniz 

formula, we have 

      
( )

( ( )) ( ) ( ) .
t

t d t
x t d t x t x s ds

−
− = − ∫ �  

1( ) 2 ( ) [ ( ) ( ( ))]T

t tV x Gx t P Ax t Bx t d t= + −�  

1 1 2 3 2( )[2 2 ] ( ) ( )[ 2 2 2 ] ( ( )) ( )[ 2 2 ] ( )T T T T T Tx t PA Y x t x t Y PB Y x t d t x t Y A PC x t τ= + + − + + − + − − −

         4 2 3 2 4 2( )2 ( ) 2 ( ( ))[ 2 2 ] ( ) 2 ( ( )) ( )T T T T T T Tx t Y x t x t d t Y B PC x t x t d t Y x tτ τ τ+ − − − − − − − − −� �  

   { }1 2 2 3 2 4
( )

2 ( ) ( ( )) ( ) ( ) ( ) .
t

T T T T

t d t
x s Y x t d t Y x t Y x t Y x s dsτ τ

−
− + − + − + −∫ � �              (14) 

 

2 3 1 1( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) (1 ( )) ( ( )) ( ( ))
t

T T T T

t t
t d

V x V x dx t Zx t x s Zx s ds x t Q x t d t x t d t Q x t d t
−

+ = − + − − − −∫ �� � � � � �  
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1 1
( )

( ) ( ) (1 ) ( ( )) ( ( )) ( ) ( ) ( ) ( )
t

T T T T

t d t
x t Q x t x t d t Q x t d t dx t Zx t x s Zx s dsµ

−
≤ − − − − + − ∫� � � �  

1 2( )[ ] ( ) ( )[2 ] ( ( )) ( )[2 ] ( )T T T T T Tx t Q dA ZA x t x t dA ZB x t d t x t dA ZC x t τ= + + − + −�  

1 2( ( ))[ (1 ) ] ( ( )) ( ( ))[2 ] ( )T T T Tx t d t dB ZB Q x t d t x t d t dB ZC x tµ τ+ − − − − + − −� �  

2 2
( )

( )[ ] ( ) ( ) ( ) .
t

T T T

t d t
x t dC ZC x t x s Zx s dsτ τ

−
+ − − − ∫� � � �                     (15) 

 

2
4 5 2 2 2 2 2( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

t
T T T T

t t
t

V x V x x t Wx t x s Wx s ds x t Q x t x t Q x t
τ

τ τ τ
−

+ = − + − − −∫� � � � � �  

2 2 2 2 2( )[ ] ( ) ( )[2 ] ( ( )) ( )[2 ] ( )T T T T T Tx t Q A WA x t x t A WB x t d t x t A WC x tτ τ τ τ= + + − + −�  

2 2 2( ( ))[ ] ( ( )) ( ( ))[2 ] ( )T T T Tx t d t B WB x t d t x t d t B WC x tτ τ τ+ − − + − −�  

2
2 2 2 2 2 2( )[ ] ( ) ( )[ ] ( ) ( ) ( ) .

t
T T T T

t
x t Q x t x t C WC x t x Wx d

τ
τ τ τ τ τ θ θ θ

−
+ − − − + − − − ∫� � � �   ( 1 6 ) 

 

6 2 2( ) ( ) ( ) ( ) ( )T T T

tV x x t Rx t x t Rx tτ τ= − − −� � � � �  

2( ) ( ) 2 ( ) ( ( )) 2 ( ) ( ) ( ( )) ( ( ))T T T T T T T T Tx t A RAx t x t A RBx t d t x t A RCx t x t d t B RBx t d tτ= + − + − + − −�  

2 2 22 ( ( )) ( ) ( )[ ] ( )T T T T Tx t d t B RCx t x t C RC R x tτ τ τ+ − − + − − −� � � .                 (17) 

 

1 2 1 3 2 4 22 ( ) ( ) 2 ( ) ( ( )) ( )[ 2 2 ] ( ) 2 ( ) ( )T T T T T T Tx t T x t x t T x t d t x t T T x t x t T x tτ τ+ − + − + − + −�  

2 2 2 3 2 2 4 22 ( ( )) ( ) 2 ( ) ( ) 2 ( ) ( )T T T Tx t d t T x t x t T x t x t T x tτ τ τ τ τ− − − − − − − − −�  

{ }
2

1 2 2 3 2 42 ( ) ( ) 2 ( ( )) ( ) 2 ( ) ( ) 2 ( ) ( ) 0
t

T T T T

t
x t Tx x t d t T x x t T x x t T x d

τ
θ θ τ θ τ θ θ

−
− + − + − + − =∫ � � � � � .          (18) 

 

Denote 2S R dz Wτ= + + , then  

{
2

1 1 2 1
( )

2

1
( ) ( )[2 2 2 ] ( )

( )

t t
T T

t
t d t t

V x ds x t PA Y Q Q A SA T x t
d t ττ − −

≤ + + + + +∫ ∫�  

1 2 2( )[ 2 2 2 2 2 ] ( ( ))T T T Tx t Y PB Y A SB T x t d t+ − + + + + −  

3 1 3 2 4 4 2( )[2 2 2 2 ] ( ) ( )[2 2 2 ] ( )T T T T T T T Tx t Y A PC T T x t x t Y A SC T x tτ τ+ − − + − + + + −�  

2 1( ( ))[ 2 (1 ) ] ( ( ))T Tx t d t Y Q B SB x t d tµ+ − − − − + −    

3 2 2( ( ))[ 2 2 2 ] ( )T T Tx t d t Y B PC T x t τ+ − − − − −  

4 2 2 2 3 2( ( ))[ 2 2 ] ( ) ( )[ 2 ] ( )T T T Tx t d t Y B SC x t x t Q T x tτ τ τ+ − − + − + − − − −�  

2 4 2 2 22 ( ) ( ) ( )[ ] ( )T T T Tx t T x t x t C SC R x tτ τ τ τ− − − + − − −� � �  

1 2 2 32 ( ) ( ) ( ) 2 ( ( )) ( ) ( ) 2 ( ) ( ) ( )T T Tx t Y d t x s x t d t Y d t x s x t Y d t x sτ− − − − −� � �  

2 1 2 2

( )
( ) ( ) ( ) 2 ( ) ( ) 2 ( ( )) ( )T T Td t

x s Zd t x s x t T x x t d t T x
d

τ θ τ θ− − − −� � � �  

}2 2 3 2 2 4 22 ( ) ( ) 2 ( ) ( ) ( ) ( )T T Tx t T x x t T x x Wx dτ τ θ τ τ θ θ τ θ θ− − − − −� � � � �  

2( )
2

1
( , ) ( , )

( )

t t
T

t d t t
ds t s t s ds

d t τ
ξ ξ

τ − −
= Ω∫ ∫ ,                                    (19) 

 

where 2 2( , ) [ ( ), ( ( )), ( ), ( ), ( ) ( ), ( )]T T T T T T Tt s x t x t d t x t x t d t x s xξ τ τ θ= − − −� � � , 
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11 12 13 4 4 1 2 1

22 23 4 2 2 2

33 4 3 2 3

4 2 4

2

*

* *

,* * *

1
* * * * 0

* * * * *

T T T

T T

T

T

Y A SC T Y T

Y B SC Y T

T Y T

C SC R Y T

Z
d

W

τ
τ
τ
τ

τ

 Ω Ω Ω + + − −
 

Ω Ω − + − − 
 Ω − − −
 Ω = − − − 
 

− 
 
 − 

              (20) 

 

11 1 1 1 2 1 1 ,T T T TPA A P Y Y Q Q A SA T TΩ = + + + + + + + + +      12 1 2 2 ,T T TY PB Y A SB TΩ = − + + + +  

22 2 2 1(1 ) ,T TY Y Q B SBµΩ = − − − − +                     13 3 1 3 ,T T TY A PC T TΩ = − − +  

23 3 2 ,T TY B PC TΩ = − − −                             33 2 3 3 .TQ T TΩ = − − −  

By Schur complement, 0Ω < is equivalent to 

11 12 13 4 4 1 2 1

22 23 4 2 2 2

33 4 3 2 3

4 2 4

2

*

* * 0

* * *
0,

1
* * * * 0 0

* * * * * 0

* * * * * *

T T T

T T

T

T

Y T Y T A S

Y Y T B S

T Y T

R Y T C S

Z
d

W

S

τ
τ
τ
τ

τ

 Ω Ω Ω + − −
 

Ω Ω − − − 
 Ω − − −
 

− − −  <
 

− 
 
 −
 

− 

 

 

11 1 1 1 2 1 1 ,T T TPA A P Y Y Q Q T TΩ = + + + + + + +          12 1 2 2 ,T TY PB Y TΩ = − + + +  

22 2 2 1(1 ) ,TY Y QµΩ = − − − −                         13 3 1 3 ,T T TY A PC T TΩ = − − +  

23 3 2 ,T TY B PC TΩ = − − −                          33 2 3 3 .TQ T TΩ = − − −  

Multiplying the above linear matrix inequality by ( , , , , , , )diag i I I I dI I I gives linear matrix 

inequality (6) . This completes the proof. 

From Theorem 1, we can obtain the following delay-dependent robust stability criterion for the 

system with time-varying structured uncertainties. 

Theorem 2 For given scalars 2 ,dτ  and µ , the neutral system (1)  is robustly stable for any 

delay ( )d t  satisfying Condition (2) if there exist positive definite matrices 1 20, 0, 0P Q Q> > > , 

0, 0, 0Z W R> > > and any appropriate  dimensioned matrices 1 2 3 4 1 2 3 4, , , , , , ,Y Y Y Y T T T T  such that 

the following linear matrix inequality (LMI) holds. 

              

11 12 13 14 1 2 1

22 23 4 2 2 2

33 4 3 2 3 38

4 2 4

2

ˆ ˆ ˆ ˆ

ˆ ˆ* 0

ˆ ˆ* * 0

* * * 0 0
* * * * 0 0 0

* * * * * 0 0

* * * * * *

* * * * * * *

T

T T

T

T

T

dY T A S PL

Y dY T B S

T dY T

R dY T C S

dZ

W

S S L

I

τ

τ

τ
τ

τ

 Ω Ω Ω Ω − −
 

Ω Ω − − − 
 

Ω − − − Ω 
 − − − < 

− 
 −
 

− 
 − 

              (21) 

where 

11 1 1 1 2 1 1
ˆ ,T T T T

a aPA A P Y Y Q Q T T E EΩ = + + + + + + + +     12 1 2 2
ˆ ,T T T

a bY PB Y T E EΩ = − + + + +  
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22 2 2 1
ˆ (1 ) ,T T

b bY Y Q E EµΩ = − − − − +                   13 3 1 3
ˆ ,T T TY A PC T TΩ = − − +  

23 3 2
ˆ ,T TY B PC TΩ = − − −                           33 2 3 3

ˆ ,TQ T TΩ = − − −     

14 4 4
ˆ ,T TY TΩ = +                                  38

ˆ .TC PLΩ = −  

Numerical example  

.Example 1 Consider the following uncertain neutral system with time-varying discrete delay: 

1 1

2

2 2

2 0 1 00
( ) ( ) ( ) ( ( ))

0 1 1 10

c
x t x t x t x t h t

c

δ γ
τ

δ γ
− + − +    

− − = + −     − + − − +     
� � , 

where 0 | | 1c≤ <  and 1 2 1, ,δ δ γ  and 2λ  are unknown parameters satisfying 

1 2 1 2| | 1.6,  | | 0.05,  | | 0.1,  | | 0.3δ δ γ γ≤ ≤ ≤ ≤ . 

For 0.1µ = , applying the criterion in [8] and Theorem 2 in this paper when 2 10000τ = ,Table1  

gives the allowable maximum values d for stability of system for various parameter c . It is 

obvious that our method is less conservative than Han's method [8].Furthermore, as c  increases, 

d  decreases. 

 

Table 1: Allowable time delay d for Example 1 with  0.1µ =  

|c| 0.0 0.2 0.3 0.4 0.5 0.6 

d   Han[8] 0.92 0.55 0.41 0.29 0.19 0.11 

d Theorem 2 1.10 0.65 0.47 0.33 0.22 0.13 

Conclusion 

New delay-dependent stability criteria for neutral systems with time-varying discrete delay and 

time-varying structured uncertainties are obtained. These criteria are both neutral-and 

discrete-delay-dependent. Numerical example has shown that the results derived by criterion in this 

note are much less conservative than some existing ones in the literature. 
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Abstract. Based on Mawhin's continuation theorem and some analysis skill, some sufficient 

conditions for the existence  of periodic solutions for a kind of second order  differential equation 

with multiple deviating arguments are obtained. Results obtained in this paper extend the existing 

results. 

Introduction 

The problems of periodic solutions of many types of equations have been extensively studied due to 

their promising potential for applications in the areas of fluid mechanics, cellular neural networks 

and nonlinear elastic mechanical phenomena; see [1-10]. In this paper, we will consider the 

following  second order  differential equation with multiple delays.  

        
1

( ) ( ( ( ))) ( )
n

i i

i

x t f x t t e tτ τ
=

′′ − + − =∑                                         (1) 

where , ( , )i e C R Rτ ∈ are continuous functions with period T , 
0
( ) 0

T

e t dt =∫ , ( ) 1i tτ ′ < ,  

1( , )if C R R∈ ,and 
1

( ) ( )
n

i

i

f c e t
=

≠∑  for all ,t c R∈ . By applying Mawhin's continuation theorem and 

establishing new lemmas, we obtain some sufficient conditions for the existence of T -periodic 

solutions to Eq.1. 

Let X  and Y  be real Banach spaces and : ( )L D L X Y⊂ →  be a Fredholm operator with 

index zero; here ( )D L denotes the domain of L . This means that Im L  is closed in Y and 

dimker dimL =  ( / Im )Y L < +∞ . Consider 1X , 1Y , the supplementary subspaces  of X , 

Y respectively, such that 1kerX L X= ⊕ and 1ImY L Y= ⊕ . Let : kerP X L→  and 1:Q Y Y→  

be natural projectors. Clearly, 1ker ( ( ) ) {0}L D L X =∩ ∩ ; thus the restriction
1( )|P D L XL L=

∩
 is 

invertible. Denote by K  the inverse of PL . Let Ω  be an open bounded subset of X with 

( )D L φΩ ≠∩ . A map :N YΩ →  is said to be L -compact inΩ if ( )QN Ω is bounded and the 

operator ( ) :K I Q N X− Ω → is compact. 

Let 
[0, ]

| | max | ( ) |
t T

x x t∞
∈

= ,    

 ( )
1

0
| | | ( ) |

T kk

kx x t dt= ∫ , { | ( ) ( , ) : ( ) ( ), }TC x x C R R x t T x t t R= ⋅ ∈ + = ∀ ∈  

with the norm 1
[0, ]

|| || | | max | ( ) |
t T

x x x t∞
∈

= =  and 1 1{ | ( ) ( , ) : ( ) ( ), }TC x x C R R x t T x t t R= ⋅ ∈ + = ∀ ∈ with the 

norm 2|| || max{| | ,| | }x x x∞ ∞′= . Let 1

TX C=  and TY C= . Then X and Y are two Banach spaces. 

Denote ( ) { | , ( , )}D L x x X x C R R′′= ∈ ∈ . Define a linear operator : ( )L D L X Y⊂ → by 

( )Lx x t τ′′= − .                                                              (2) 

Define a nonlinear operator :N X Y→ by 
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1

( ( ( ))) ( )
n

i i

i

Nx f x t t e tτ
=

= − − +∑ .                                                 (3) 

It is easy to see that ker L R=  , and  
0

Im { | , ( ) 0}
T

L x x Y x s ds= ∈ =∫ . 

Thus, the operator L  is a Fredholm operator with index zero.Define the continuous projectors 

: kerP X L→  and : ImQ Y Q→  by setting 

( ( )) (0)P x t x=  , and    
0

1
( ( )) ( )

T

Q x t x s ds
T

= ∫ . 

Obviously, ker ImL P=  and ker ImQ L= . Denoting by : Im ( ) kerK L D L P→ ∩  the inverse of 

( ) ker|D L PL
∩

, We can see that N  is L -compact on Ω  , whereΩ is an arbitrary open bounded 

subset of X . 

Preliminaries 

Corresponding to the operator equation Lx Nxλ= ， (0,1)λ∈ ,  we have 

1

( ) ( ( ( ))) ( )
n

i i

i

x t f x t t e tτ λ τ λ
=

′′ − + − =∑                                              (4) 

Lemma 1 [3] Suppose that 1( ) Tx t C∈ , and there is a point 0t R∈  such that 0( ) 0x t = , then 

2
2 2

20 0
| ( ) | | ( ) |

T TT
x t dt x t dt

π
′≤∫ ∫                                                     (5) 

Lemma 2[9] Suppose that X  and Y are two Banach spaces, and  that : ( )L D L X Y⊂ →  is  a 

Fredholm operator with index zero, furthermore, XΩ ⊂  is an open bounded set and :N YΩ → is 

L -compact onΩ . If 

   (1) , ( ), (0,1)Lx Nx x D Lλ λ≠ ∀ ∈∂Ω ∈∩ ; 

   (2) Im , kerNx L x L∉ ∀ ∈∂Ω∩  

   (3)  the Brouwer degree deg( , ker ,0) 0QN LΩ ≠∩ .    

Then the equation  Lx Nx=  has a solution in ( )D LΩ∩  

Lemma 3  Assume that the following conditions hold 

(H1) 1 2 1 2 1 2 1 2( ( ) ( ))( ) 0, , , , 1,2, ;i if x f x x x x x R x x i n− − > ∈ ≠ = �   

(H2) There is a constant 0d >  such that 

1

( ) 0,  | |
n

i

i

x f x x d
=

> >∑ . 

If ( )x t  is a T -periodic solution of Eq. 4, then 

 2| | | |x d T x∞ ′≤ + .                                                          (6) 

Proof. Let ( )x t  be a T -periodic solution of Eq. 4. Integrating both sides of Eq. 4 from 0 to T  

gives 

      
0

1

( ( ( ))) 0
nT

i i

i

f x t t dtτ
=

− =∑∫                                                    (7) 

 which implies that there exists a [0, ]Tξ ∈   such that 

      
1

( ( ( ))) 0
n

i i

i

f x ξ τ ξ
=

− =∑ .                                                     (8) 

 Now, we claim that there is a 0t R∈  such that 

       0| ( ) |x t d≤ .                                                             (9) 

If there exist i and j  such that ( ( )) ( ( )) 0i jx xξ τ ξ ξ τ ξ− − ≤ , there is a 0t R∈ such that 0( ) 0x t = , 

obviously, Eq. 9 holds. 
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If ( ( )), 1, 2, ,ix i nξ τ ξ− = �  have the same sign, we will prove 0| ( ) |x t d≤  by way of 

contradiction. In fact, assume that Eq. 9 does not hold. Then 

            | ( ) | ,x t d t R> ∀ ∈                                                    (10) 

There are two cases: (1) ( ( )) 0, 1,2, ,ix i nξ τ ξ− > = �  or(2) ( ( )) 0, 1, 2, ,ix i nξ τ ξ− < = � . 

If ( ( )) 0, 1,2, ,ix i nξ τ ξ− > = � , then ( ( )) , 1, 2, ,ix d i nξ τ ξ− > = � . Suppose that 

      
1

( ( )) min ( ( ))k i
i n

x xξ τ ξ ξ τ ξ
≤ ≤

− = − ,                                             (11) 

then  ( ( )) 0kx dξ τ ξ− > > . According  to (H2) 

      
1

( ( ( ))) 0
n

i k

i

f x ξ τ ξ
=

− >∑ .                                                   (12) 

Assumption (H1) implies that 

1 1

( ( ( ))) ( ( ( )))
n n

i k i i

i i

f x f xξ τ ξ ξ τ ξ
= =

− < −∑ ∑                                       (13)  

Combining Eq.12 and Eq.13 gives 

      
1

( ( ( ))) 0
n

i i

i

f x ξ τ ξ
=

− >∑ .                                                    (14) 

Obviously, Eq.14 contradicts Eq. 8. This contradiction implies that Eq.9 is true. 

If ( ( )) 0, 1, 2, ,ix i nξ τ ξ− < = � , then ( ( )) , 1,2, ,ix d i nξ τ ξ− < − = � . Suppose that 

     
1

( ( )) max ( ( ))m i
i n

x xξ τ ξ ξ τ ξ
≤ ≤

− = − ,                                             (15) 

then ( ( )) 0mx dξ τ ξ− < − < . According  to (H2) 

     
1

( ( ( ))) 0
n

i m

i

f x ξ τ ξ
=

− <∑ .                                                    (16) 

Assumption (H1) implies that 

     
1 1

( ( ( ))) ( ( ( )))
n n

i m i i

i i

f x f xξ τ ξ ξ τ ξ
= =

− > −∑ ∑ .                                       (17) 

Combining Eq.12 and  Eq.13 gives  

1

( ( ( ))) 0
n

i i

i

f x ξ τ ξ
=

− <∑ .                                                     (18) 

Obviously, Eq.18 contradicts Eq. 8. This contradiction implies that Eq.9 is true. 

Let 0 1t nT t= + , where n  is an integer and  [0, ]it T∈ . Since ( )x t  is T -periodic, 0 1( ) ( )x t x t= . 

Then, [0, ]t T∀ ∈ , 

    ( )
1

 22

1
 0 0

| ( ) | ( ) ( ) | ( ) | | ( ) |
i

t T T

t
x t x t x s ds d x s ds d T x s ds′ ′ ′= + ≤ + ≤ +∫ ∫ ∫ .                 (19) 

 Thus  2| | | |x d T x∞ ′≤ + . 

From Lemma 2.4[12], we can obtain 

Lemma 4  Let 1 , 1, 1,2, ,i T iC i nτ τ ′∈ < = � 。 If ( ) Tx t C∈ ,  Then 

 2 2

0 0
| ( ( ) | | ( ) |

T T

i ix t t dt x t dtτ γ− ≤∫ ∫ .                                             (20) 

where 
1

1 | |
i

i

γ
τ ∞

=
′−

. 

The existence of T -periodic solutions  

Theorem 1 Suppose that (H1),(H2) and the following assumption hold: 

(H3) There exist nonnegative constants ,i ik c such that 
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| ( ) | | | , 1,2, , ,  | | .i i if x k x c i n x d≤ + = >�  

Then Eq. 1 has at least one T -periodic solution if 

  
2

2
1

1
n

i i

i

T
k γ

π =

<∑ .                                                          (21) 

where 
1

1,
1 | |

i i

i

τ γ
τ ∞

′ < =
′−

. 

Proof  Let ( )x t be a T -periodic solution of Eq. 4. Multiplying both sides of Eq. 4 by ( )x t τ−  

and integrating from 0 to T , we obtain 

2

0 0 0
1

| ( ) | ( ( ( ))) ( ) ( ) ( )
nT T T

i i

i

x t dt f x t t x t dt e t x t dtτ λ τ τ λ τ
=

′ − = − − − −∑∫ ∫ ∫   

     
0 0

1

| ( ( ( ))) ( ) | | ( ) ( ) |
nT T

i i

i

f x t t x t dt e t x t dtτ τ τ
=

≤ − − + −∑∫ ∫                             (22) 

Let  { [0, ],| ( ( )) |i iE t T x t t dτ= ∈ − ≤ }, { [0, ],| ( ( )) |i iS t T x t t dτ= ∈ − > },  
| |
max | ( ) |i
x d

f f x
≤

=�  

Then 

2 2

2
0

| | | ( ) |
T

x x t dtτ′ ′= −∫  

0 0
1

| ( ( ( ))) ( ) | | ( ) ( ) |
n T T

i i

i

f x t t x t dt e t x t dtτ τ τ
=

≤ − − + −∑∫ ∫  

0 0
1 1

| ( ) | | ( ( )) ( ) |
n nT T

i i i

i i

f x t dt k x t t x t dtτ τ
= =

≤ + − −∑ ∑∫ ∫�                   (23)  

0 0
1

| ( ) | | | | ( ) |
n T T

i

i

c x t dt e x t dt∞
=

+ +∑ ∫ ∫  

2

2 2

1 1

| | ( ) | | | |
n n

i i i i

i i

e f c T x k xγ∞
= =

 
≤ + + + 

 
∑ ∑� .                                        

From Eq.9, there exists a point 0t R∈ such that 0( )x t d≤ . Let 0( ) ( ) ( )w t x t x t= − , 

then ( ) ( )w t T w t+ = , ( ) ( )w t x t′ ′=  and 0( ) 0w t = . By Lemma 1 

2 2 2| | | | | |
T T

w w x
π π

′ ′≤ = . 

By using the Minkowski inequality, we have 

( ) ( ) ( ) ( )
1 1 1 1

2 2 2 22 2 2 2

2 0 0
0 0 0 0

| | | ( ) | | ( ) ( ) | | ( ) | | ( ) |
T T T T

x x t dt w t x t dt x t dt w t dt= = + ≤ +∫ ∫ ∫ ∫ . 

So 

        2 2 2| | | | | |
T

x T d w Td x
π

′≤ + ≤ +                                        (24) 

Combining Eq. 23and Eq. 24 gives 

2 2

2 2 2

1 1

| | | | ( ) | | | |
n n

i i i i

i i

x e f c T x k xγ∞
= =

 ′ ≤ + + + 
 

∑ ∑�                            

        
2

2

2 2 22
1 1

2
| | ( ) | | | | | |

n n

i i i i

i i

T T T Td T
e f c Td x k Td x xγ

π π π∞
= =

     ′ ′ ′≤ + + + + + +    
     

∑ ∑� .  (25) 

Since
2

2
1

1
n

i i

i

T
k γ

π=

<∑ ,there is a constant 0 0M > such that 2 0| |x M′ ≤ .So 

2 0 1| | | | :x d T x d TM M∞ ′≤ + ≤ + = . 

Since (0) ( )x x T= , there is a constant (0, )Tη∈  such that ( ) 0x η′ = . 
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Let 
1

2
| |

1

ˆ ˆmax | ( ) |, | |
n

i i
x M

i

f f x M f T e T∞
≤

=

= = +∑ . Then, for all [0, ]t T∈  

2
0 0

1

| ( ) | ( ) ( ) | ( ( ( ))) | | ( ) | .
nt T T

i i

i

x t x x t dt f x t t dt e t dt M
η

η τ
=

′ ′ ′′= + ≤ − + ≤∑∫ ∫ ∫                 (26) 

If 1 : { | ker , Im }x x x L X Nx L∈Ω = ∈ ∈∩ and , then kerx L∈ , which means that there exists a 

constant 3M  such that 3( )x t M= ,  and    3
0

1

1
( ) 0

nT

i

i

f M dt
T =

− =∑∫ . 

So 

      3

1

( ) 0
n

i

i

f M
=

=∑ .                                                        (27) 

Eq. 27 and (H2) imply that 

3| ( ) | | |x t M d= ≤   for all 1( )x t ∈Ω .  

Let  1 2M M M= + , { || | ,| |x X x M x M∞ ∞′Ω = ∈ < < . 

It is easy to see that N is L -compact on Ω ,and from the above discussions that conditions (1) 

and (2) of Lemma 2 are satisfied. Furthermore, define 

0
1

1
( , ) (1 ) ( ( ( ))) ,  ,  [0,1]

nT

i i

i

H x u ux u f x t t dt x u
T

τ
=

= + − − ∀ ∈Ω ∈∑∫ . 

Then 

2

1

( , ) (1 ) ( ),  ker , [0,1]
n

i

i

xH x u ux u x f x x L u
=

= + − ∀ ∈∂Ω ∈∑ ∩ . 

Hence, using the homotopy invariance theorem, we have 

deg( , ker ,0) deg( , ker ,0) 0QN L I LΩ = Ω ≠∩ ∩ . 

By Lemma 2, Eq. 1 has at least one T -periodic solution. 
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Abstract. The use of piezoelectric material as transducer is prevalent. Piezoelectric bending mode 

element can be used for vibration energy harvesting because it can convert mechanical energy into 

electrical energy. In this article, electrical impedance characterization and equivalent circuit of 

triple-layer piezoelectric bender are discussed. Triple-layer piezoelectric bending device is fabricated, 

measured and modeled. This paper is aimed to explore simple but practical equivalent circuit models, 

expressed using electrical parameters of  triple-layer piezoelectric bender and investigate the 

applicability of the Van Dyke circuit model and the complex circuit model in modeling the 

specimen’s equivalent circuit. The models produced impedance curves that closely matched the 

impedance measured for piezoelectric sample. The impedance characterization can provide a good 

understanding on the electrical behaviors of the triple layer piezoelectric bender when  analyzing the 

performance of piezoelectric device. 

Introduction 

The piezoelectric materials, as the most widely used functional materials in smart structures, have 

many outstanding advantages for transducers. The advantages such as: little dimensions, simple 

structure, low noise factor, their excellent mechanical-electrical coupling characteristics and 

frequency response characteristics at operating provide wide applications in vibration generating, 

damping, converse of mechanical energy into electrical energy and oppositely. Some novel device 

based on piezoelectric materials have been developed in recent years for a wide range of 

electromechanical applications.
[1-3]

 The theoretical analysis of the sensor effect of triple layer 

piezoelectric bender has been carried out.
 [2]

 The potential of the triple-layer piezoelectric benders has 

been investigated through experiments for utilization in energy harvesting applications.
[4,5]

 Since 

electrical signals involved in most of the piezo-based systems, a good understanding of the electrical 

characteristics of piezoelectric materials is essential to design and analyze the systems. Therefore, 

circuit model for the piezoelectric material is desired. 

Several researches have been done in this area. The Van Dyke’s circuit model 
[6] 

is widely used for 

representing the equivalent circuit of a piezoelectric vibrator. It is recommended by the IEEE 

Standard on Piezoelectricity 
[7]

. Sherrit et al. have used complex material constants to model the 

performance of impedance of the piezoelectric resonator 
[8]

. Mingjie Guan et al. have studied the 

circuit model of piezoelectric ceramics 
[9]

.   

 Equivalent circuit models of  the triple-layer piezoelectric bender will be discussed. The way to 

obtain the parameters that characterize the electrical model of the triple-layer piezoelectric bender is 

studied. In this paper, the fabrication and impedance properties of triple layer bender made of PZT are 

studied.  
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Methods & Materials 

Sample Preparations. The structure of the triple-layer piezoelectric bender is illustrated as the basic 

metal-piezoelectric sandwich structures in Fig. 1. It is fabricated by a metal layer covered 

symmetrically by two transversely piezoelectric layers poled along the thickness direction. The 

piezoelectric material is using lead zirconate titanate (PZT) (P-51, Haiying Enterprise Group Co. Ltd), 

and the metal elastic layer is phosphor bronze because of its larger elastic modulus. The piezoelectric 

were bonded on the beryllium bronze using epoxy (Emerson &Cumming), and then cured at a 

temperature of 80°C for two hours. The overall design of insulation must be considered. As for the 

measured specimen, the geometries are given in Table 1 (length l and width w and the thickness t for 

a piezoelectric bender). Material key parameters are listed in Table 2. 

 
Fig. 1 Schematic drawing of the triple-layer piezoelectric bender. 1- piezoelectric material layer, 2- 

metal material, 3- thin film electrodes, 4- conductive adhesive layer. 

Table 1. The physical sizes of the sample 

Physical lp wp tp lm wm tm 

Dimensions[mm] 72 14 0.4 112 14 0.3 

Table 2. Properties of the piezoelectric and beryllium bronze 

Property Symbol Value 

Displacement Coefficient [ 1210 /C N−
× ] 33d  400 

Relative Dielectric Constant 33

T
ε

 2100 

Elastic compliances constant [ 12 210 /m N−
× ] 33

ES  19.0 

Density of Piezo Material [ 3 310 /kg m× ] ρp 7.45 

Young’s modulus of  bronze [ 11 210 /N m× ] E 1.30 

Density of bronze[
3 310 /kg m× ] ρm 8.23 

Impedance Measurements. An Impedance Analyzer (Agilent 4294A) will be used to record the 
impedance and phase angle. The sweep voltage level in the Impedance Analyzer is set at 500mV. Let 
Impedance Analyzer to perform electrical impedance measurements by producing sweeping 
frequency signal in the 40Hz-1 kHz range. The upper bound of the frequency range is chosen as 1 
kHz. This is because these are usually the major concerns in structural application below the 
frequencies.                                                                                                                              

Results and Discussion 

The response curves of the impedance value and phase of the specimen are illustrated as the solid line 

in Fig. 2. From the figure, we can see that the values of the impedance phase has its lowest point near 

410Hz reaching -76°, besides that, the values of the impedance phase lie near -88.6°. This means that 
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give a current component -88.6° out of phase with an applied voltage if there is no resonance 

(resonances here refers to either the resonance or the anti-resonance frequency); the impedance 

characteristic of specimen is similar to capacitance. It is thus clear that the specimen behaves are like 

piezoelectric ceramics. Based on the above observation, we can divide the impedance curve into two 

parts: the resonant frequency part and non-resonant part. From the impedance phase response, we can 

see that the impedance phase curve within the non-resonant range is close to -90°, but not equally to 

-90°, which means that there is the little energy dissipation.  
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Fig. 2 Impedance and phase angle of the specimen vs. frequency. 

 The Impedance magnitude plotted on a linear scale versus the frequency (left) and the impedance 

phase versus the frequency (right) for specimen. The solid line is the response curves of the 

impedance magnitude and phase of the specimen. The dotted line is the Van Dyke mode fit to the 

experimental data. The data points shown as circles were generated using Eq. 1. The dashed line is the 

complex circuit model fit to the experimental data.  

 
Fig. 3 (a) The Van Dyke circuit model: the values of the circuit elements are real. (b) The Complex 

Circuit with 3 complex parameters 

In the analysis of piezoelectric materials there are two approaches to model the impedance of 

piezoelectric vibrators. One is lumped circuit model that is geometry independent and another is a 

circuit model of a piezoelectric material that is from the materials point of view. For transducer 

applications, it is more accessible to fit the impedance plots to lumped circuit models to fit the 

impedance curve in the vicinity of the resonant frequency and predict the electrical behavior of the 

resonator. We firstly consider the Van Dyke’s circuit model as shown in Figure 3a. The Van Dyke 

model uses four real circuit parameters, C0, C1, L1 and R1, to represent the impedance of a 

free-standing piezoelectric resonator around resonance. Based on the model, we can fit the 

experimental impedance spectrum by choosing the values of the electronic components. When 

determining the values of the electronic components, the dominant component C0 should be first 

considered according to the impedance magnitude. After the value of C0 is chosen, the value C1 is 

chosen according to the appearance of the impedance spectrum around the resonance. The component 

C1 has significant effect on the total impedance in the vicinity of resonance frequency bandwidth. The 

value of the components L1 is relevant to C1 and is considered according to the resonant frequency. 
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The value of component R1 is adjusted according to impedance phase in the vicinity of resonance 

frequency bandwidth. The results for the impedance of the circuit model are shown as the dotted line 

in Fig. 2. In addition, an alternative approach to fitting the experimental impedance spectrum is to use 

the complex circuit model as shown in Figure 3b. The model contains three circuit elements, C0, C1 

and L1, which are defined as complex and takes into account the dielectric, elastic and piezoelectric 

losses of the piezoelectric material. Parameters selection method is similar to the previous, however, 

first choose the real value, and then choose the imaginary value. The circuit constants for this 

simulation are listed in Table 3. The results for the impedance of the complex circuit model are shown 

as the dashed line in Fig. 2.  

Table3. Values of the components in the equivalent circuit model of the specimen. The various 

curves generated with these constants are shown in Fig. 2 

Constant Value(real and imaginary) 

Van Dyke’s model  

C0 (F) 19.011×10
-9 

C1 (F) 0.86970×10
-9

 

L1 (H) 171.9437 

R1 (Ω) 19.921×10
3
 

The complex circuit model  

C0 (F)  19.011×10
-9

(1-0.0145i) 

C1 (F) 0.86570×10
-9

 (1-0.1308i) 

L1 (H) 167.0094 (1+0.0866i) 

Equation (1) constant  

fs  (Hz) 415.92+9.0845i 

fp  (Hz) 425.32+8.2126i 

33

S
ε

（Fm
-1
） 20.538×10

-9
(1

 
– 0.01338i) 

tk
 0.2312(1 - 0.0545i) 

The IEEE Standard (IEEE Standards ANSI/IEEE 176-1987) 
[7]

 on the impedance equation for 

analyzing the thickness resonance mode is described as a function of the frequency ω by the equation  

2

33

tan[ /(4 )]
( ) (1 )   

/(4 )

t p

S

p

k ft
Z

iA f

ω
ω

ωε ω
= −                                                                                       (1) 

Where t is the sample thickness, A is the electrode area; kt is the thickness electromechanical 

coupling constant and 33

S
ε

 is the clamped permittivity. The parameters kt,
33

S
ε

and fp were originally 

assumed to be real in the derivation of the resonator equation (1). S Sherrit et al. 
[8]

 have pointed out 

that the circuit model of a piezoelectric material can be characterized by its complex material 

constants. The complex circuit model proposed by S Sherrit is shown in Fig. 3b. When the complex 

circuit parameters are known, the materials constants can be calculated from circuit parameters. The 

material constants can be determined directly from the complex circuit constants by using Eq. (2) and 

(3) to determine the complex frequencies fs and fp.  

1 1

1
 

2
sf

L Cπ

=                                                                                                                           (2) 
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pf
C C

L
C C

π

=

+

                                                                                                                    (3)  

The electromechanical coupling constant can then be calculated using 

2 tan( ) 
2 2

p ss
t

p p

f ff
k

f f

π π −
=                                                                                                            (4) 

The dielectric permittivity is  
2

33 1 0( / )(1 )( )S

tt A k C Cε = − +                                                                                                           (5) 

The complex material constants and the complex frequencies were calculated using the complex 

circuit constants and Eq. 2-5. The calculated materials constants are listed in Table 3. The predicted 

impedance spectra generated by the impedance function (Eq. 1) are shown as circles in Fig.2. 

The measured impedance spectra together with the simulations obtained respectively by the Van 

Dyke model, the complex circuit model and the impedance function (Eq. 1) are shown in Fig. 2. It can 

be seen that the complex circuit model and the impedance function can fit the experimental data quite 

well from low frequencies to frequencies above the resonance. Although the Van Dyke model gives a 

good fit to the impedance magnitude, it can be seen to not reach -88.6° but asymptotically reach -90° 

at end of the frequency limits in the impedance phase. This is probably due to the known dielectric 

loss. Since the Van Dyke model has only one loss component (R1), the impedance phase curve in the 

Van Dyke model will always reach -90°. The derived material constants, complex frequencies, 

complex circuit model constants and Van Dyke circuit constants used in the simulation are listed in 

Table 3. 

Conclusions 

The equivalent circuit models of the triple-layer piezoelectric bender are studied. The impedance 

information is evaluated and the relative material properties of the triple layer piezoelectric bender are 

calculated. The impedance curve spectrum are fitted with various models. The results of the fitting 

show that the impedance curves produced by complex circuit model are effectively matched the 

impedance measured for piezoelectric sample. 
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Abstract. The plastic-coated slideways have been widely used for form-generating movement in 

machine tools. Its dynamic behavior plays an important role in the vibration properties of the whole 

machine. In this work, according to the situation that researches on this subject were rather 

insufficient, a theoretical research was analyzed concerning the stiffness and damping characteristics 

of rectangle-shaped plastic-coated slideways. The mathematical model was firstly suggested 

especially based on the assembly of the saddle and worktable. Both stiffness and damping 

characteristics on vertical and horizontal directions were theoretically determined. To derive the 

governing motion equation of the slideway system, the carriage and rail were considered as rigid 

bodies and connected with a series of spring and damping elements at the joint face. Moreover, 

through the Lagrange’s approach, the frequencies of the carriage at vertical, pitching, yawing and 

rolling vibration mode were identified. 

Introduction 

Generally, the guideways can be classified into three types, depending upon what the interfacial layers 

are, i.e., the plastic-coated slideway, the hydrostatic guideway, and the rolling guideway. Of these 

guideways, the slideway is worth actively investigating, because it is a typical variant of flat joint [1]. 

The plastic-coated slideways have been widely used to transport machine parts through a linear path 

in machining centre, e.g., the milling head box and machine column, worktable and saddle, saddle and 

bed. The configuration style of the plastic-coated slideway is posted a layer of plastic or other 

chemical composition of soft plastic film on the friction surface of the moving carriage (such as the 

worktable). Some characteristics of the plastic-coated slideways are high load capacity, vibration 

absorption capacity of the plastics, wear resistance with adequate lubrication, simplicity of design and 

good manufacturing performance, simple process and low cost, close static and dynamic friction 

coefficient, and possibility of arising stick-slip. To accurately predict the dynamic characteristics, the 

micro and macro dynamic behavior of the plastic-coated slideways must be understood [2,3]. 

However, researches on this subject are rather insufficient and limited. 

In this paper, theoretical researches of the dynamic behavior of the rectangle-shaped plastic-coated 

slideway were carried out based on the assembly of the worktable and saddle in the machining centre. 

A mathematical equivalent model was suggested concerning the stiffness and damping properties 

mounted on the joint faces of the worktable and saddle. The purpose of this paper was to derive the 

governing motion equation of the rectangle-shaped plastic-coated slideway. At last, the frequency and 

dynamic behavior of the carriage at different directions vibration mode are identified based on the 

Lagrange’s approach. 

Mathematical modeling of the plastic-coated slideways 

Plastic-coated slideways are originally developed to be used for machine tools. This mechanical fit 

and transmission type has widely adopted to substitute the rolling guideway in some certain 

situations. They are well combined and configured using core parts, e.g., worktable (worktable 

slideway), saddle (saddle slideway), gib, and keep plate in the case of the machine tools[4]. A typical 
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application is the worktable slideway (worktable for carriage and saddle for rail) depicted in Fig.1. As 

can be seen from the section view of the assembly, a rectangle-shaped slideway consists of several flat 

joints. This slideway system of the bottom slide is composed of two horizontal flat guideways ‘a’, two 

vertical flat guideway with gib-embedded ‘b’ and two retainer keep plates for cover strips ‘c’. 

Because the main purpose of this paper is to develop an analysis concerning the stiffness and damping 

characteristics of the plastic-coated slideways mounted on the worktable and saddle, the dynamic 

characteristics of the hydrodynamic contact film are neglected firstly. According to the actual 

situation, each joint can be replaced with the mathematical model described by spring and damping 

elements. Moreover, if the interfaces of the carriage and rail are carefully considered as rigid joints, its 

stiffness and damping characteristics of the coated plastic will have a major influence on the carriage 

dynamic state. 

plastic coated

gib

saddle(rail)

keep plate

worktable(carriage)

a a

b b

c c

 

Fig.1 Section view of the worktable and saddle 

To derive the motion equation of the plastic-coated slideway system mentioned above, the 

worktable and saddle are considered as rigid bodies and connected with a series of spring and 

damping elements at the joint face. In mathematical modeling for the contact structure, the following 

aspects are also considered[5-7]: 1) elastic deformation of the Hertzian contact (the contact between 

carriage and rail can be considered as a Hertzian contact model. 2) squeeze and damping effects in 

joint faces. 3) effects of hydrodynamic contact film are neglected. Based on the contact structure of 

the worktable and saddle, the coordinate system and equivalent model of the slideway system are 

illustrated in Fig.2. 
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Fig.2 Equivalent model of the slideway system 

In the equivalent model of the slideway, the origin of the coordinate is located at the mass center of 

the worktable, x, y and z are the displacements in the x-axis, y-axis and z-axis respectively. m1, m2 and 

n1, n2 are distances of the contact points between the carriage and rail to x-y plane and x-z plane. l1 and 

l4 are the length and width of the spring and damping elements at the horizontal joint face ‘a’ 

respectively. l2 and l3 (here, l3 equals l2, and it also equals the length of the two gibs) are the length of 
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the spring and damping elements at the vertical joint face ‘b’, and l5 is the width of the spring and 

damping elements at the vertical joint face ‘b’. α, β and γ are the angular displacements about x-axis, 

y-axis and z-axis respectively, which are termed rolling (α), pitching (β) and yawing (γ) motion 

respectively. The motion of the carriage along the y-axis is called the horizontal vibration motion, and 

the motion of the carriage along the z-axis is called the vertical vibration motion. 

Dynamic characteristics of plastic-coated slideways 

The equation of motion of the rectangle-shaped plastic-coated slideway system is obtained by using 

the Lagrange’s approach [8, 9]. This method regards the system as a whole, from the energy point of 

view, using the scalars such as the kinetic energy and potential energy to describe the functions, and 

using the variational method to establish the system dynamic equation. Lagrange’s equation gives a 

common, simple unified solution for the dynamics problems. According to the Lagrange’s method, 

the typical vibration differential equation of the dynamic system can be denoted as follows 

. ( , , , )i

i i
i

d T T V
Q     i 1 2 n

dt q qq

 
 
  
 

∂ ∂ ∂
− + = = ⋅⋅⋅
∂ ∂∂
� ��

.                                                                                               (1) 

Where, 
i

q  and 
.

i
q  are the generalized coordinates and generalized velocity, T, V and Q are the 

kinetic energy, potential energy and non-conservative force respectively. 

Based on the proposed equivalent model of the slideway, and then using the Lagrange’s approach, 

the kinetic energy T of the system in motion is given by  

. . . . .2 2 2 2 2

x y z

1 1 1 1 1
T M y M z J J J

2 2 2 2 2
γα β= + + + + .                                                                                                   (2) 

In Eqs. (2), M is the mass of the worktable, 
.
y  and 

.
z  are the velocities along the y-axis and z-axis 

respectively. Jx, Jy and Jz are the moment of inertia of the worktable about the x-axis, y-axis and z-axis. 
.
α , 

.
β  and 

.
γ  are the angular velocities along the x-axis, y-axis and z-axis respectively. 

Because the worktable is supported by a series of distributed mormal springs, for simpler analysis, 

we assume the spring and damping elements are continuous and use kv, cv, and kh, ch to denote the 

equibvalent stiffnesses and equibvalent danmping per unit area of the vertical and horizontal 

directions. the potetial energy of the system contributed by normal spring elements can then be given 

by 

[ ( ) ( ) ] [ ( ) ( ) ]

[ ( ) ( ) ]

1 1
2

1 1

1

3

l l
l

2 2 2 22 2
l lv 1 v 1 4 h 2 h 2 5
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α γ α γ

− +

− −
= − − + + − + − + + + −
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∫ ∫

∫
       (3) 

The non-conservative force of the system contributed by normal damping elements can then be 

given by 

. . . . . .
( ) ( ) ( )

1 1 1
2

1 1
3

l l l
l

2 2 2
l l4 h 5 2 2

l
2 2

v vh l z x dx 2c l y m dx y m dx  Q Q Q 2c .β α α
− +

− −

 
− + − + − 

 
= + = ∫ ∫ ∫                                            (4) 

Where, Qv and Qh denote the non-conservative force along the z-axis and y-axis respectively, and 

can be achieved as follows based on the presented equivalent model. 

. . . . . .
[ ( ) ( )]

1

1

l

2
l 1 1 4

2

v v vz n x z n x l dx Q c c .α β α β
−

− − + + −= ∫                                                                                    (5) 
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Substituting Eqs. (2)-(4) into equation (1), the following five equations of motion can be derived 

from the Lagrange’s method: 

...
1 5 h 1 5 h

M y l l c y l l k y 0+ + = .                                                                                                                                      (7) 

.. .

1 4 1 4 vv
l z 2l l k z 0M z 2l c+ + = .                                                                                                                                    (8) 

.
( )

..
2 2

1 5 h 2 1 4 v 1 1 5 h 2x l l c m 2l l k n l l k m 0J α α α+ + + = .                                                                                                        (9) 

..
3

1 4 vy

1
l l k 0

6
J β β+ = .                                                                                                                                       (10) 

( )
.. 3

2 21
1 2 1 2 5 hz

l
3l l 3l l l k 0

2
J γγ + − + = .                                                                                                                              (11) 

From Equ. (7) of the displacement y along the y-axis, Equ. (8) of the displacement z along the 

z-axis, Equ. (9) of the angular displacement α about x-axis, Equ. (10) of the angular displacement β 

about y-axis, Equ. (11) of the angular displacement γ about z-axis, the frequencies of the worktable 

at horizontal, vertical, rolling, pitching and yawing vibration mode can be derived as follows: 

2 2 2

1 5 h 1 5 h

h

4Ml l k l l c1
f

2 2Mπ

−
= ∗ .                                                                                                                       (12) 
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4 2l l k n l l k m l l c m1
f
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J

2Jπ
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= ∗ .                                                                                  (14) 

3

1 4 v

p
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l l k1
f

2 6 Jπ
= .                                                                                                                                     (15) 

( )3 2 2

1 1 2 1 2 5 h

y

z

l 6l l 6l l l k1
f

2 2Jπ
− +

= .                                                                                                                   (16) 

Conclusions 

The dynamic properties and modelling techniques of the plastic-coated retangle-shaped slideway 

were investtigated theoretically. The purpose was to develop an analytical model concerning the 

stiffness and damping characteristics of plastic-coated slideways mounted on the worktable and 

saddle. An equivalent model of the plastic-coated slideway system was suggested based on the 

assembly of the worktable and saddle, and both stiffness and damping characteristics on vertical and 

horizontal directions were theoretically determined considering the worktable and the saddle as rigid 

bodies and connected with a series of spring and damping elements. To derive the governing motion 

equation of the rectangle-shaped plastic-coated slideway system, the Lagrange approach was used, 

and then the dynamic behavior of the carriage at vertical, pitching, yawing and rolling vibration 

modes were identified. 
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Abstract. Wireless Sensor Networks (WSNs) enable susceptible sensing of the environment, offering 

unprecedented opportunities for observing the physical world. Acoustic source localization is an 

interesting topic with many possible application areas, such as intruder detection, sniper localization, 

automatic tracking of speakers and so on. Many existing algorithms are on the premise that the exact 

coordinates of sensor nodes are already known. In this paper, we propose a vector-based advanced 

TDoA algorithm that would calibrate the coordinate of the acoustic source by the non-prepositioned 

nodes. In the meanwhile, the portable sensor nodes would adjust themselves through the feedback of 

the estimated positions as well. Finally, we show that the proposed mechanism has high accuracy 

through experiments. 

Introduction 

Advances in technology have made it possible to build Wireless Sensor Networks (WSNs) using 

inexpensive nodes consisting of a low power processor, a modest amount of memory, a wireless 

network transceiver and a sensor board [1]. Large numbers of cheap and smart sensors, networked 

through wireless links, provide exciting applications in multifarious areas including object tracking, 

habitat monitoring, mineral reconnaissance, intruder detection. 

In all these applications, sensor node locations are critical not only to the application’s goals but 

also to the operations of WSNs. Self-organized localization capability is a highly desirable 

characteristic of sensor networks in respect that the measurement data are meaningless without 

knowing the location where the data are obtained. There exist well organized surveys on sensor 

localization in the [2,3,4]. All these works report early results on sensor localization. Jing [5] 

categorize the localization problems into three groups: proximity-based, range-based and 

angle-based. One common character of these methods is that the measurements used in the algorithms 

all depend on the mutual relationships of the nodes, not on the environment. 

On the other hand, acoustic source localization is a hot research topic with many possible 

surveillance applications in which the target should be detected immediately. Energy-based ideas 

present novel approaches. M. Z. Rahman et al. [6] proposes a method for source localization using 

power spectral analysis and decision fusion in wireless sensor networks. X. Sheng et al. [7] uses 

acoustic signal energy measurements taken at individual sensors to estimate the locations of multiple 

acoustic sources. Furthermore, T. Ajdler et al. [9] use a Maximum Likelihood (ML) estimation 

method via the measurements of Time Difference of Arrival (TDoA). This propagation time based 

algorithm is proved to be dramatically more accurate than energy-only methods. 

In this paper, for the purpose of acoustic source localization, we propose a vector-based advanced 

TDoA algorithm that would calibrate the coordinate of the acoustic source by the non-prepositioned 

nodes. The portable sensor nodes would adjust themselves through the feedback of the estimated 

positions as well. In other words, the sensor node localization is, to a certain degree, integrated into 

the acoustic source localization which could obviously reduce the complexity of the overall 
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localization system and decrease the energy consumption of the sensor nodes. We show that the 

proposed mechanism has high accuracy through experiments. 

The remainder of this paper is organized as follows. In the next section, some system design 

essentials are presented. The following section describes the method which splits out into three steps. 

Experimental results are drawn then and the last section concludes the paper. 

Design Essentials 

Anchor node 

In most applications of WSNs, the coordinates of points can be global, meaning they get several prior 

knowledge with regard to the localization, or relative, meaning that they are an arbitrary “rigid 

transformation” [3] (rotation, reflection, translation) away from the global coordinate system. When 

concerning the exact position of the target event such as the sound, several anchor nodes are 

indispensable. Anchor nodes are plebeian nodes that know their global coordinates priori.  

One considerable issue is that we should plan the anchor node layout in advance. Some groups 

proved that localization accuracy improves if anchors are placed in a convex hull around the network. 

In our experiment, three non-collinear anchor nodes that place on the edge of the experimental district 

define a global coordinate system in two dimensions. 

Time synchronization  

Traditional solution to sound detection is to use microphone arrays which are usually controlled by 

the same console so that the local time can be the same after initialization. Conversely, time 

synchronization which aims at equalizing the local times for all nodes in the network addresses novel 

techniques. A common timescale for local clocks of wireless devices should be provided so that the 

sensor nodes coordinate their operations and collaborate to achieve a complex sensing task. 

In [10], Reference Broadcast Synchronization (RBS) was introduced, where a receiver with 

receiver, instead of sender with receiver, syschronization is used. Here, we put forward an advanced 

RBS method to implement the syschronization, which, however, is not the point in this paper. 

The Proposed Algorithm 

In order to solve our problem of source localization, we use a 3 steps technique. The first step 

estimates the coordinate of acoustic second through the TDoAs of different anchor pairs. The second 

step finds the portable nodes positions through a series of estimation in Step 1. Finally, this system 

could be in use in the third step in which the source coordinate is calculated through both anchor 

nodes and portable nodes. 

Algorithm based on Time Difference of Arrival 

In the beginning, we could only compute the acoustic source by the anchor nodes for the portable 

nodes coordinates are not prior known. Once the TDoA of a sensor pair is obtained, we expect the 

source to be located on a hyperboloid whose foci are the two sensors positions [8].  

Define d as the distance difference which derives from the TDoAs, ξ  as the experimental errors. 
The 3 groups of hyperboloids can be written as follows: 

2 2 2 2

2 2 2 2

2 2 2 2

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

a a b b ab ab

b b c c bc bc

c c a a ca ca

x x y y x x y y d

x x y y x x y y d

x x y y x x y y d

ξ

ξ

ξ

 − + − − − + − = +


− + − − − + − = +


− + − − − + − = +

 

With the knowledge of each 2 groups of hyperboloids above a unique solution can be found. 

Therefore from the equations set there are 3 answers which should be identical ideally. In a practical 

situation, with ambient noise and reverberation the three estimation points will never intersect in a 

single place. We will then need to find the point that has the maximum likelihood to be the 
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intersection point and the source position. Simple barycenter measurement or least square method 

could be used. 

Portable node calibration 

The objective of the portable nodes beyond the anchors is to calibrate the localization with more 

measurement data, whereas their measurement data in step 1 are meaningless due to the unknown 

location where the data are obtained. Accordingly, we propose a backcalculation to get the portable 

position via a series of test estimation in step 1. 

As in Figure 1(a), we get the range measurement asd  between the anchor node and the estimated 

source after every estimation. Meanwhile, apd  derived from the TDoA stands for the distance 

difference. Therefore, the range psd  between the portable node and the estimated source is as apd d− . 

Consequently, the portable node locates on the circle with center at the estimated source and radius 

equal to psd . At least three times repetitive executions of step 1 ascertain the portable by reason that 

theoretically, one unique point can be fixed through 3 circles. 

In this practical situation, 3 circles would meet not in a single point but in a region (see Fig.1(b)) 

considering that it’s unfaithful to use estimated value to execute an estimation process. The solution 

in this paper is to run step 1 repeatedly until the satisfying precision be reachable. Multiple different 

estimation would be utilized. 

 
Figure 1. The relationship between the acoustic source and the portable node 

Let i  represent the index going over these n  different sensor devices. The n  circles which 
intersect at the region including the portable node can be shown as follows: 

2 2 2

1 1 1

2 2 2

2 2 2

2 2 2

( ) ( )

( ) ( )

( ) ( )n n n

x x y y d

x x y y d

x x y y d

 − + − =


− + − =


 − + − =

�
 

Each equation minus the last one: 

2 2 2 2 2 2

1 1 1 1 1

2 2 2 2 2 2

2 2 2 2 2

2 2 2 2 2 2

1 1 1 1 1

2( ) 2( )

2( ) 2( )

2( ) 2( )

n n n n n

n n n n n

n n n n n n n n n n

x x y y x x x y y y d d

x x y y x x x y y y d d

x x y y x x x y y y d d− − − − −

 − + − − − − − = −


− + − − − − − = −


 − + − − − − − = −

�
 

Equations set above equals to the matrix representation of 1AX b=  which the definition of A , X , 

1b  are as below: 

2 2 2 2 2 2

1 1 1 1 1

1

2 2 2 2 2 2

1 1 1 1 1

2( ) 2( )

2( ) 2( )

n n n n n

n n n n n n n n n n

x x y y x x y y d d
x

A X b
y

x x y y x x y y d d− − − − −

 − − − + − + − 
    = = =         − − − + − + −   

� � �  
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Applying least square to the overdetermined equations set, we get the portable point: 

1

1
ˆ ( )T TX A A A b−=

 

Each portable node coordinate can be finally got from this calibration. The more samples there are, 

the more accurate the estimated value is. 

Vector-based estimation 

Now both the anchor and portable nodes apply to the estimation. With the portable nodes 

participation, the estimated value would be much more perfect. Here we no longer use the 

hyperboloid method shown in step 1. Moreover, a vector-based estimation is brought forward. 

The original coordinate system performs a rigid transition (rotation, reflection, translation) in order 

to situate an arbitrary node at coordinate origin. As shown in Figure 2, we define sr
��
, ir
��
, sir
���
 as 

follows: 

 
Figure 2. Vector transformation 

id , the distance difference to S between in  and 0n  is: 

 0 (1)i si s si s si i sd r r r r r d r= − = − ⇒ = +  

In Equation (1), importing the vector notion we can get 

2
2 2( ) (2)i s si s id r r r r+ = = −

�� ��
 

Moreover: 

2 2 2

2
2 2

( ) 2
(3)

( ) ( ) 2

i s i i s s

T
T

s i s i s i s i s i

d r d d r r

r r r r r r r r r r

 + = + +


− = − − = − +

�� �� �� �� �� �� �� ��  

According to (2)(3), we get： 

2 2 2 2 0 (4)
T

i i i s i sr d d r r r− − − =
�� ��

 

Practically, experimental error ξ  exists. Equation (4) depict as: 

2 2
2 2 (5)

T

i i i s i sr d d r r rξ = − − −
�� ��

Applying Equation (5) to all nodes, there will be 

2 31

2 2
1 1 11 1

2 2
2 2 22 2

2 2

1 21

2 2 (6)s s

n n nn n n nn

A AA

d x yr d

d x yr d

r r

d x yr d

ξ

× ××

 −    
     −     
     = − ⋅ ⋅ − ⋅ ⋅
     
     
     −     

��
� � ��

� � ��

��� ������������

 

Equation (6) equals to the representation below: 
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( ) ( )1 1
1 2 3 3 2 3 22 2 2 2 (7)

2 2

s
s s s s

s

rA A
A A r A r A r A r A A

r
ξ

   = − − = − + − = − −          

��
�� ��

 

We define: 

( ) 1
5 3 2 23

3 1

, , (8)
2

s

n

s

r A
A A A W b

r
×

×

 
= = =  

 

��

 

Combining (8) with (7), the final problem is to calculate the minimum value of 
2

5 2 2
AW b− . 

Due to parameter estimation, we get 	W : 

	 1

5 5 5( ) (9)T TW A A A b−=

As Equation (9) come out, sr
��
is got, which contains the final estimated acoustic source coordinate. 

Experiment 

Hardware platform  
The hardware platform is built upon the MICAz mote devices manufactured by Crossbow 

Technology Incorporated running the TinyOS embedded operating system, a widely used 
component-based architecture targeting most wireless sensor network applications. 
Sensor nodes (Figure 3) we used here consist of a processor/radio board, meaning a MICAz mote, 

and a sensor&data acquisition board, meaning the acoustic sensor board made by ourselves in our 
experiment. Another fundamental hardware is the base station/gateway (Figure 4) consists of a mote 
and a mote interface/gateway board (MIB 520 here) which is produced by Crossbow as well. 

                
Figure 3. A sensor node.                                       Figure 4. The gateway 

Results analysis 

To test the performance of the algorithm, we simulate the sound source in a room of dimensions of 

about 6*5*5 m. In out experimental setup, three anchor nodes are prepositioned on the border of the 

room to form a convex hull around the self-organization sensor network. Another three portable 

nodes are randomly deployed in the area. 

 
Figure 5. The experiment environment. 
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As the three steps in the algorithm, our analysis divides into three phases. In the first stage, the 
acoustic source position would be estimated only by the anchor nodes. The portable don’t participate 
in calculate, notwithstanding they receive and transmit the data. As shown in Figure 6, the estimated 
values are reluctant to accept. 

 
Figure 6. The 1st stage 

The portable node coordinate are got in the second phase. As we mentioned, the more samples 
there are, the more accurate the estimated value is. The experimental results prove it in Figure 7. 

       
Figure 7. The 2nd stage 

The third period is the time in which this system really put into use. All sensor nodes take part in 
cooperatively. The result (Figure 8) is much better than the result in the first stage which fully proves 
the effectiveness of the proposed algorithm.  

 
Figure 8. The 3rd stage 
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The still existent error is due to several reasons. The first issue is the time syschronization. The 

system is impossible to reach complete syschronization which a subtle discrepancy would result in 

centimeters to decimeters error. Secondly, our algorithm is based on the two-dimensional while our 

environment is three-dimensional which would lead to inaccurate TDoAs between each sensor pair. 

Besides, analysis of acoustic signals is essential, sampling and feature extraction are inevitable 

factors. 

Conclusion 

Localization is one of the fundamental problems in wireless sensor networks. For acoustic source 

localization, this paper presents an advanced algorithm which modifies the conventional TDoA 

estimation procedure to make it more accurate with more additional portable sensor nodes. 

Furthermore, the sensor node localization is integrated into the acoustic source localization which 

could dramatically reduce the algorithm complexity and decrease the network energy consumption. 

Our experimental results indicate the high precision of the proposed technique. 

References 

[1] J. Hill, R. Szewczyk, A. Woo, S. Hollar, D. Culler, and K. Pister. System architecture directions 

for networked sensors. In Proceedings of ASPLOSIX, 2000. 

[2] A. Savvides, M. Srivastava, L. Girod, et al. Localization in sensor networks[M]//Wireless Sensor 

Networks. Massachusetts: Kluwer Academic Publishers, 2004: 327 – 349. 

[3] J. Bachrach, C. Taylor. Localization in sensor networks[M]//Handbook of Sensor Networks: 

Algorithms and Architectures. Hoboken: John Wiley & Sons, 2005: 277 – 310. 

[4] G. Mao, B. Fidan, B. D. Anderson. Wireless sensor network localization techniques[J]. Computer 

Networks, 2007, 51(10): 2529 – 2553. 

[5] J. Wang, R. Ghosh, and S. Das. A survey on sensor localization, Journal of  IET CTA, vol. 8, pp. 

2{11, February 2010. 

[6] M. Z. Rahman, G. C. Karmakar and L. S. Dooley, “Passive Source Localization using Power 

Spectral Analysis and Decision Fusion in Wireless Distributed Sensor Networks”, Proceedings of 

the International Conference on Information Technology: Coding and Computing (ITCC’05), 

2005. 

[7] X. Sheng and Y. H. Hu, “Maximum Likelihood Multiple-Source Localization Using Acoustic 

Energy Measurements with Wireless Sensor Networks”, IEEE Transactions on Signal 

Processing, vol. 53, no. 1, Jan. 2005. 

[8] T. Ajdler, I. Kozintsev, R. Lienhart, and M. Vetterli, “Acoustic Source Localization in Distributed 

Sensor Networks”, Proceedings of the 38th Asilomar Conference on Signals, Systems and 

Computers, vol. 2, Nov. 2004, pp. 1328–1332. 

[9] F. Sivrikaya, and B. Yener, “Time Synchronization in Sensor Networks: A Survey”, IEEE 

Network, vol. 18, no. 4, July-Aug. 2004, pp. 45-50. 

[10] J. Elson, L. Girod, and D. Estrin, “Fine-Grained Time Synchronization using Reference 

Broadcasts," Proceedings of the Fifth Symposium on Operating Systems Design and 

Implementation (OSDI 2002), Boston, MA, December 2002. 

48 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



A (t, n) Threshold Signature Scheme Based on Factorial Decompose 

Theorem of Polynomial 

Yongquan Caia, Fulai Chengb 

College of Computer Science and Technology, Beijing University of Technology, Beijing, China 

acyq@bjut.edu.cn,
 bs200807005@emails.bjut.edu.cn 

Keywords: Conspiracy attack; Threshold signature; Factorial decompose theorem; Traceability 

Abstract. The traditional threshold signature scheme is a combination of the digital signature 

scheme and the secret sharing scheme. Any group of t (threshold value) or more players can 

reconstruct the secret together but no group of fewer than t players can in secret sharing scheme. 

Because of this property of secret sharing scheme, the current threshold signature scheme has a 

natural weakness in the anti-collusion attack. A new threshold signature scheme based on the 

factorial decompose theorem is designed successfully without the secret sharing scheme in order to 

get the ability of anti-collusion attacks. It not only has the property of group signature and threshold 

signature, but also has some good features including traceability，robustness and resisting forgery 

attacks． 

Introduction 

In a (t, n) threshold signature scheme which is firstly introduced by Desmedt and Frankel [1] in 

1991, a signature key is shared among n players. And a signature can be generated only when the 

number of participators is equal to or more than the threshold value t, but any less than t players 

cannot generate a valid one. Then anyone who knew the public key can verify the authenticity of 

the message and if necessary, the signature also can be opened, so that the original signers can be 

traced without revealing the secret keys.  

Many such schemes [1, 2, 3, 4, 5, 6, 7, 8] have been proposed. However, these traditional 

threshold signature schemes are based on digital signature scheme and secret sharing scheme. At 

Crypto'93, Li et al [2] pointed out that the threshold signature scheme suffers from the conspiracy 

attack, which means that any t or more group players can cooperate to reveal the group’s secret key 

with high probability. Since then, design a new (t, n) threshold signature scheme withstanding the 

conspiracy attack has been a hot issue in cryptography.  

In 2003, Bing Wang et al [5] proposed a new threshold signature scheme based on the Joint 

Secret Sharing (JSS) scheme in order to against conspiracy attack. In this scheme, every player 

chooses two keys fi(0) and ki, and distributes the shares of fi(0)  to others by Shamir’s secret sharing 

scheme and keeps
 
ki in secret, such that the group’s secret key is ∑ =

+
n

i ii kf
1

))0(( .But a conspiracy 

attack and a forgery attack is proposed respectively in literature [6] and [7] to show that this scheme 

is insecure. Wenfang Zhang et al [8] designed a new scheme by improving Wang’s. In the new one, 

the collaborators cannot get the other players’ secret key, but they can still reveal the group secret 

key. Therefore, the schemes based on JSS still suffer from conspiracy attack by now. 

Xinglan Zhang [9] proposed a new group signature scheme based on factorial decompose 
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theorem of polynomial with factors in finite field Fq in 2010. Even though this group scheme does 

not meet non-related requirements, it provides a new basis for the study of threshold signature 

scheme withstanding conspiracy attack. We proposed a secure (t, n) threshold signature scheme by 

improving the group scheme in literature [9] and we changed the group public key generation 

method, threshold signature generation and so on. Because of the useless of secret sharing scheme, 

this scheme can resist conspiracy attacks. And it not only has the property of group signature and 

threshold signature, but also has some good features including traceability，robustness and resisting 

forgery attacks． 

Threshold Signature Scheme Based on Factorial Decompose Theorem of Polynomial 

We assume that U={U1,U2,…,Un} 
is the set of group of n players and the Group Manager (GM) is a 

trusted center. This scheme consists of five phases. 

System Initialization Phase 

GM chooses two large primes p, q such that, 2
l-1
<p<2

l
, 512≤l≤1024, and 2

159
<q<2

160
. Let g be a 

generator of a multiplicative subgroup of Zp with order q  and H(﹒) denotes a one-way collision 

resistant cryptographic hash function. 

Every Ui(i=1,2, …,n) in the group U chooses a random number xi∈Zq
*
 and takes it as his secret 

key. Then, Ui computes his corresponding pubic key yi≡g
 xi

 (mod p) and sends it to GM. On 

receiving all of the yi, GM determines whether any two public keys yi and yj are equal. If yi = yj，i≠

j, GM asks Uj to choose another xj∈Zq
*
. Otherwise, GM records yi from player Ui. 

Group Public Key Generation Phase 

GM chooses two random parameters r∈Zq
*
, K∈Zq and an irreducible polynomial g(x) ∈Fq(x) , 

computes R≡g
r
(mod p) and r

’
 such that rr

’
≡1mod q. Next, GM takes any t elements from the 

collection of public keys {y1,y2,…,yn}, computes 

t

nnij

t

j

iji CiyyyyyY ,,2,1},,,,{, 21

1

�� =∈=∏
=

. 

If Yi = Yj，i≠j, GM breaks off the protocol and restarts it. Else, GM constructs a polynomial 

  

))](mod(mod)()([)( qpYxxgKxf
nC

r

i∏ −+=  (1) 

After completion of these operations, {R, f(x), K} will open as the group public key and {r, r
’
} 

will not as the private key. 

Threshold Signature Generation Phase 

Assume that the subset {Uj1, Uj2 ,…, Ujn} of t group players wants to sign a message m on behalf of 

the group U, they perform the following steps to generate the signature. Anyone in the subset can be 

the designated clerk (DC) and we assume DC is Uj1. 

(1)Each player Uj1 chooses a random number ki ∈ Zq
*
, computes pgK ik

i mod= , 

pRK ik

i mod
'
=

 
and broadcasts Ki to all the players in the subset. On receiving all of the Ki, each 

Uji computes K
’
=∑ =

t

i iK1
. Then, Uji computes the partial signature  

qkKKmHxS iiji mod),( ''
×−×=      (2) 

and sends the partial signature (Sji, Ki
’ 
) to the DC Uj1.  
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(2)On receiving all of the partial signatures, the DC Uj1 authenticates the validity of the partial 

signature (Sji, Ki
’ 
) by checking the following equation 

pyKg
KmH

ji

K

i

S ji mod
),( ''

≡               (3) 

If all the equation hold, the DC computes qKK
t

i

i mod
1

'''

∏
=

= , qRS

t

i
jiS

mod1
∑
==  and {m, S, K

’
, K

’’
} 

is the group signature for the message m. Else, (Sji, Ki
’ 
) is a forged partial signature. 

Threshold Signature Verification Phase 

On receiving the threshold signature {m, S, K
’
, K

’’
} from the DC, the verifier uses the public 

key to authenticate the validity of the group signature. The Verifier computes  

pSKY KmHK

j mod][ ),(''' '1' −

=               (4) 

then, checks the equation K=f(Yj
’ 
) mod q. The threshold signature is accepted if and only if K=f(Yj

’ 
) 

mod q. 

Signer Identify Verification Phase 

In case of disputes, the GM can use the secret key r
’
 and Yj

’
 calculated according to Eq. 4 to 

compute pYY r

jj mod)(
''''

= . So, the DC can trace back to find who the t players are from 

},,,{, 21

1

''

nji

t

i

jij yyyyyY �∈=∏
=

． 

Security Analysis of the Threshold Signature Scheme 

The scholar G.L. Wang pointed out that a security threshold signature scheme should follow some 

basic properties: (1) any t players in the group can generate a valid group signature, but any t-1 or 

fewer players cannot, while they do not reveal any information about their secret keys and the 

group’s secret key; (2) any verifier can verify the group signature with the group public key, but 

they cannot determine whether a player was involved in signing; (3) in case of disputes, the DC can 

check the signers. So, we will discuss our scheme according to those properties. 

Theorem 1.  Any t or more players in the group can generate a valid group signature. 

Proof.  The partial signature generated according to Eq. 2 satisfies Eq. 3.  

pypgpggKg
KmH

ji

KmHxKkkKKmHxK

i

S
iiiiji modmodmod

),(),(),(
''''''

===
××−×

. 

The group signature satisfies Eq. 4. 

pKRpSKY KmHK
t

i

i

S
KmHK

j

t

i
ji

mod])([mod][ ),(

1

'),(''' '1'
1

'1' −
=

−

∏
=

∑

==  

        pRR KmHK
kkKKmHx

t

i
i

t

i
ii

mod])([ ),(
)),(( '1'

11

''
−

==

∑∑ ×−×

=  

        pgpR
rx

KmH
KmHx

t

I

i
t

i
i

modmod][
)(

),(
),()(

1
'1

1

' ×∑ × ∑
== =

−
=  

If the players were t or more players in the group, obviously, the result of Eq. 1 is K when x=Yj
’
. 

Else, the result is not equal to K according to the factorial decompose theorem of polynomial with 

factors in finite field Fq. So any t players in the group can generate a valid group signature, and any 

t-1 or fewer players cannot. 
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   In case of disputes, the Yj
’
 can be opened. We know rr

’
≡ 1mod q, so 

∑=
∑

=
∑

=
=

××

==

t

I
i

xrrx
r

j ypgpgY

t

I

i

t

I

i

1

)()(
'

modmod)( 1

'

1
'

． 

The threshold signature scheme has very strong security. We will discuss several possible 

attacks and none of these attacks can successfully break our new scheme. 

(1)The adversary cannot forge a partial signature satisfying Eq. 3.  

Suppose an attacker tries to imitate a player Ui of the group and generate a legitimate partial 

signature. According to Eq. 2, the attacker needs to get the player’s secret key xi. If the attacker uses 

the player’s public key )(mod pgy ix

i ≡  to compute xi, he needs to solve the discrete logarithm 

problem (DLP), which is impossible by now. Even if the attacker got a partial signature 

Sji=xi×H(m,K
’
)－K

’
×ki(mod q), an equation with two unknowns ki and xi should be used to 

calculated xi. So this attack cannot work successfully. Furthermore, this scheme can resist 

substitution attack [8]. 

(2)The adversary cannot forge a group signature of message m satisfying Eq. 4. 

Suppose an attacker tries to forge a group signature, then, he needs to make the equation 

qYfK j mod)(
'

= correct, which means that the signature must contain t legal secret keys because 

the equation f (x) constructed and issued by the GM and cannot be tampered by attacker. We had 

known that to compute the players’ secret key according to public information is equivalent to 

solving the discrete logarithm problem. So this attack cannot work successfully. 

(3)Any t or more players cannot cooperate to obtain another player’s secret key, let alone the 

group’s secret key.  

To avoid the conspiracy attack, each player chooses his secret key randomly in our scheme and this 

action has nothing to do with other players. Any t or more players can only cooperate to sign a 

message and they cannot compute any useful information about the system and another player’s 

secret key. So the effectiveness of the cooperation of several players or adversaries has no 

difference with a single adversary’s attack effect. Therefore our new (t, n) threshold signature 

scheme can resist collusion attacks. 

Theorem 2.  The scheme meets the anonymity and traceability. 

Proof.  {m, S, K
’
, K

’’
} is the valid group signature in our scheme. K

’
 and K

’’
 are both calculated 

according to t random numbers which was selected by the players. And Yj
’
 can be calculated, but it 

cannot be opened because no one know r
’
, the system secret except the DC. So the verifier couldn’t 

determine the players who signed the message. In case of disputes, the GM uses r
’
 to compute (Yj

’
)
 r’
 

(mod p) which is equal to the product of t signers’ public key. Then the GM can check the signers. 

Conclusion 

In this paper, we have constructed a new (t, n) threshold signature scheme based on factorial 

decompose theorem of polynomial and have proved its correctness. Because of the useless of secret 

sharing scheme, this scheme can resist conspiracy attacks. Besides, it not only has the property of 

group signature and threshold signature, but also has some good features including traceability，

robustness and resisting forgery attacks． 
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Abstract. This article sets up mathematic model for the traffic circle to determine how best to 

control traffic flow. In order to make the traffic at the circle intersection smooth in maximum, this 

model figures out the largest traffic capacity through Wardrop’s formula. When the signal control is 

needed, a linkage time solving model is set up, which proves the number of seconds of every green 

light and work out the delay time. At last, the simulation software VISSIM is used for an example 

to work out the average delay time under the signal control. The result matches with this model.  

Introduction 

Traffic circles, were invented in the early 20th century and built in cities throughout Europe and the 

United States. Since 1903, Eugenl Hienard proposed that an island should be established at the joint 

of the roads and let all the vehicles run around the central island. Inside the interweave sections of 

roundabout intersections, the increase of the traffic volume, the converging and diverting of the 

vehicles lead to the disorder of traffic volume inside the roundabout. It is also possible that traffic 

accidents may happen due to the vehicles’ forced driving in and out of circled road which result in 

the bottle-neck section of the roundabout. This article aims to find a best solution to relieve the 

roundabout’s traffic pressure and guarantee the maximum smoothness of the roundabout’s crossings 

in different situations.  

Assumptions 

To simples and generalize the model, an ideal traffic condition is given, in which only the main 

factors are considered. 

◇the standard vehicle type as the basic measuring unit while measuring the passing volume 

◇right driving habit is considered 

◇only vehicles are considered, pedestrians and non-vehicles can go through the overpass or 

underground passage  

 

Model Analysis and Development 

Classification by Control: Types According to the diameter of the central of the circle, the types of 

traffic circle can be classified into three types[ 3 ]: 

(1) Regular traffic circle: to the diameter of the center of the circle exceed 25m, weaving section is 

long and the entrance roads are not expanded into a bellbottom shaped one. 

(2)Small traffic circle: the diameter of the center of the circle is 4~25m, the entrance roads are 
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expanded into a bellbottom shaped one, which is convenient for the vehicles driving into. 

(3) Mini traffic circle: the diameter of the center of the circle is less than 4m, which is not 

necessarily to be the circular.  

In usual situation, mini traffic circles are mostly single channels or other simple general ways, 

so in this paper, we don’t consider this type, in regard to the regular and small traffic circle, 

according to the actual crossing capability and the maximal crossing capability, we judge that the 

traffic control system should be installed or not. 

Calculating the passing ability The passing ability of interweave section means that the max 

number of vehicles incoming the cross from each entering road per hour, the unit is veh/h. To 

determine the passing ability of circle with traffic light, it is only needed to determine the passing 

ability of each entering road. We introduce the following Wardrop formula to calculate the passing 

ability. [4] 
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In which, mQ be the max passing ability of interweave section ( hveh / ), e be the mean width of 

entering approach road of the circle (m), l  and W  be the length and width of interweave section 

(m) respectively, ( ) 221 eee += (m), where 1e  be the width of entering approach road (m), 2e be 

the width of overhang parts of circle, P  be the ratio of interweaving vehicles and all vehicles, 

denoted by percentage, symbols in the formula were shown in Fig 1.  
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Fig 1   The geometric parameters in the circle  

 

The control model without traffic lights. When the vehicle volumes at every entrance is lower 

than the volumes saturated itself, the traffic circle don’t need outer control, we just need to let the 

vehicle obey the yield rules when rounding the circle, so that the whole traffic circle will keep in 

order.[1] 

We take some weaving section in the circle for example, by taking the weaving section as the 

straight line. We take the weaving points as serving windows. Vehicles converge from different 
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directions and wait for passing through.           

By analogy，we can get the mean delay time of the vehicles in any class 
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In which, 
i
K stands for the mean delay time of the i-th priority right in system. K  is the mean 

delay time of the all classes in system. 

Because the method can avoid drivers’ rushing out between different lanes, we set “yield” sign in 

entrance or exit of the circle, let the vehicles in higher class pass through first, which made the 

traffic circle driving in order, so the delay time calculated have the satisfactory effects.  

The control model with traffic lights. Because traffic jam happens at the roundabout crossing, 

our purpose is to reduce the number of vehicles from different directions meeting at the weaving 

section by setting the traffic lights at every entrance to control the vehicles’ entering time.  

The period is the time when the red and green traffic lights finish their shining once and 

considered as an entire unit of the whole signal system. In the traffic light controlling system, the 

period can also be divided into the best period, the minimum actual green light time and the 

maximum actual green light time.  

The best period is the time which causes the minimum delay when vehicles from different 

directions passing through the crossings. [2] 
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Where, )( RnlL s +=  is the total loss time of every period; sl is the average loss time of every 

phase. ∑
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is the sum of iY of every crossing’s phase, iY  is crossing’s flow to Saturation. 

The minimum valid green light time of the main crossing as following,. 
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Where, 11Y  is the crossing A’s flow to saturation flow ratio, T is the period of traffic light, 1t  is the 

interval time of green light shining, 3t is the yellow lights shining time. 

According to the above, we can calculate the time of traffic lights. In figure 3, light A is the 

green light and light B is about to turn red. Because light A does not turn red immediately, vehicles 

still continue running a period of time t∆ , Assume the radius of the roundabout crossing is 0r , the 

width of lane isψ , the minimum distance the straight-through vehicles on the outside lane pass the 
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adjacent joint section 
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Under the condition in which the vehicles’ arriving rate and the passing ability of the crossing 

remain the constant number, the delay of vehicles and the vehicles’ arriving rate form the linear 

relationship. As in figure, vehicles’ arriving rate fluctuates at random from one period to another 

period. In some certain period of time, saturation rate may be contemporarily over 1 due to the 

arbitrary fluctuation of the vehicles arriving rate, although the general average saturation rate is less 

than 1 during the whole period of time. Here according to Webster’s average delay formula. [4]  
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In which, wt  is the average delay of every vehicle (s);T  is the time of period (s);λ  is the ratio of 

valid green light time and the time of period ; X is the saturation; Q is the arriving rate (veh/s). 

In the formula, the first part is the normal interval time of green lights caused when the 

vehicles’ arriving rate remains unchanged. The second part and the third part are the additional 

interval time of green lights caused by the random fluctuation of the vehicles’ arriving rate. When 

the saturation is low, the proportion taken by the second part and the third is small, but with the 

increase of the saturation, their influence on the formula’s result increases. 

Simulation Design 

The traffic condition of roundabout crossings can be measured by the average delay time. The data 

of a roundabout crossing in Beijing is simulated. The following statistics is the passing volume of 

this roundabout crossing at rush-hour provided by Beijing Communication Bureau. 

Table1. The list of directions 

direction 

items 
east west south North 

vehicle 3620 3523 3940 3672 

According to the wardrop equation, the maximum passing ability of interweave section is 

calculated using the MATLAB software. 

Table 2. The list of directions 

items 

direction 

R0 L W W/L el e2 e E/W Qm 

East 30 45 17 0.37778 10.3 22 16.15 0.9706 4060 

West 30 49 17 0.34694 16 14 15 0.8824 4009 

South 30 40 16 0.4 10.4 22 16.2 0.9529 3881 

north 30 42 16 0.38095 21.6 14 17.8 0.9412 4130 

As can be seen, the maximum passing ability of the southern entrance Qm is less than its 

passing volume at rush hour. So it should be given passing priority.  

The data of the interval time between red lights and green lights is calculated using MATLAB 

software. 
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Table 3.The list of directions 

Items 

direction V Ls α  Period of traffic 

lights 

Actual green 

light time 

Interval time between green 

lights 

East 34 8 90 76 36 1.4 

West 34 8 90 76 36 1.4 

South 34 6 90 76 42 1.4 

north 34 6 90 76 42 1.4 

The average delay time is calculated according to the above data d=5s 

The simulated effect chart is as following: 

 

Fig3 The list of Simulation effect 

 

The result of the simulation is consistent with the calculation result, which shows our model is 

feasible. 
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Abstract. 3D finite element models of magnetic suspended control moment gyroscope structure are 

established by general finite element analysis software. Initial modal analysis scheme of the 

MS-CMG structure, in which the frame and gyro-chamber are analyzed separately, is described. A 

new modal analysis scheme that the MS-CMG is analyzed as a whole structure is presented. The 

connection between the gyro-chamber and frame is realized by defining a revolution pairs. The 

numerical predictions from two modal analysis schemes show obvious difference. The new scheme 

is more reliable since it simulates the real wok status of MS-CMG.  

Introduction 

Control moment gyroscopes (CMGs) are important actuators of attitude control systems in large 

spacecrafts due to their advantages of small volume, light mass, low power and long life. With the 

development of magnetic suspended technology, magnetic suspended CMGs (MS-CMGs), which 

provide high precision and eliminate contact by magnetic bearings between the gyro-chamber and 

gyroscope rotor, thus are increasingly used in spacecrafts. As a mechanism with high rotating speed, 

the structural dynamics behavior of MS-CMGs is very important for design [1,2]. Modal analysis 

could provide understanding on the structural dynamics characteristics, thus is performed in this 

paper using general software ANSYS
®
. 

Basic theories of modal analysis 

The purpose of modal analysis is to get the natural frequencies and modal shapes. The control 

equation of the system is: 

 

+ + =�� �MU CU KU F .  (1) 

 

where U  is nodal displacement vector. The M , C  and K  are mass matrix, damping matrix 

and stiffness matrix, respectively. F  is force vector. If F  is equal to 0, the free vibration 

equation of the structure is obtained. Generally, the damping can be ignored for the modal analysis. 

Thus, the control equation could be rewritten as: 

 

0+ =��MU KU .  (2) 

 

Then the basic equation of modal analysis could be obtained: 

 
2ω=K Mφ φφ φφ φφ φ .  (3) 

 

where 2ω  is the eigenvalue, φφφφ  is the modal vector. 
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It can be seen that eigenvalues and modal vectors are dependant on the structural stiffness and 

mass distribution. Therefore, the stiffness and mass distribution description in a structure are very 

important for accurately dynamic simulation. 

The structural composing of MS-CMG 

The MS-CMG is made up of gyroscope rotor, gyro-chamber, magnetic bearings, gimbal axes, frame, 

etc. Its connection relation and configuration are shown in figure 1. The gyroscope rotor is 

connected with gyro-chamber by magnetic bearings. Under working state, magnetic forces could be 

generated between the two components and keep the gyroscope rotor suspending and rotating at 

speed of 30000rpm. The gyro-chamber is fixed on gimbal axes, which are connected with frame 

structure by mechanical bearings. Thus, the gyro-chamber could rotate about the centerline of the 

mechanical bearings. Furthermore, the frame is fixed on the satellite by four bolts [3]. 

    

Figure 1. Schematic configuration of MS-CMG and corresponding connection relationship 

Initial modal analysis scheme and results 

Due to the rotation relation between the gyro-chamber and frame is difficult to simulate, a modal 

analysis scheme, which divided the MS-CMG into two components: the frame and the 

gyro-chamber with gyroscope rotor, is presented in reference [4,5]. Two separately modal analyses 

were performed to get knowledge of the dynamic behavior of MS-CMG.  

Figure 2 shows the finite element models of gyro-chamber with gyroscope rotor and frame. The 

geometric model of gyroscope rotor, gyro-chamber, and frame were established respectively. Some 

little chamfers and bolt holes were neglected according to the basic principle of finite element 

modeling. In view of modal analysis, free meshing type was adopted to establish finite element 

model. The gyroscope rotor and gyro-chamber were connected by sixteen link8 elements, which 

represented the action of magnetic force. The element parameters of link8 were derived from the 

tested magnetic force value. The two sides of the gyro-chamber, which were connected with gimbal 

axes, were fixed in modal analysis, as shown in figure 2. Table 1 gives numerical results of modal 

analysis of different components. 
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(a) Gyro-chamber and gyroscope rotor   (b) Frame 

Fig.2. Finite element models of two components 

Table 1. Natural frequencies of MS-CMG obtained from initial modal analysis scheme 

Order 1 2 3 4 5 6 7 8 9 

Frequency[Hz] 55.6 55.6 68.5 68.5 156 1137.9 1186.2 1250 1744 

Structure Composing Magnetic bearing Gyro-chamber Frame 

The initial five natural frequencies are corresponding to the modal shapes of magnetic bearing, 

which are very low compared with the work frequency 500Hz and could be ignored. The next two 

natural frequencies are referring to the gyro-chamber. After that, there are two natural frequencies 

associated with frame structure. These four frequencies are all very larger than the work frequency. 

Therefore, the MS-CMG structure fulfills the design requirements.  

However, fixation boundary conditions in dynamic performance simulation of the gyro-chamber 

obviously increased the structural stiffness and inclined dangerous predictions were obtained. Thus 

more accurate simulation scheme is required for the structural design.  

Modal analysis scheme of whole MS-CMG and results 

A whole MS-CMG structural modal analysis scheme is presented aimed at the aforementioned 

problem. The whole finite element model of MS-CMG was established by connecting the 

gyroscope rotor, gyro-chamber, gimbal axes and frame. Several connection elements were adopted 

to simulate the assemble relationships in MS-CMG. The gyroscope rotor and gyro-chamber were 

connected by sixteen same link8 elements. In addition, a MPC technique was used to connect the 

gyro-chamber and the two gimbal axes. Furthermore, MPC184-Revolute element was selected to 

simulate the rotation relation between the gyro-chamber and frame structure. Two revolute pairs 

were defined between the mechanical bearings and the gimbal axes. MPC184-Revolute element has 

only one primary degree of freedom, i.e., the relative rotation about the revolute (or hinge) axis. 

Thus it could provide a relative rotation without axial displacement [6].  

Fig.3 illustrates the finite element model of whole MS-CMG, which had 82,178 elements and 

105,623 nodes. Zero displacement constraints were applied to nodes at which the frame was fixed 

on the satellite by four bolts. Block Lanczos method was used to perform modal analysis of 

MS-CMG, for its fast operation speed, high accuracy, and suitability for models including shell 

elements and solid elements. As a result, the initial ten modes were extracted for MS-CMG [7,8]. 

The initial ten natural frequencies are listed in table 2. The first natural frequency 0.001Hz, 

which is near zero, represents a rigid motion depicted by the relative rotation of gyro-chamber and 

frame structure. The next five natural frequencies are referring to the modal shapes of magnetic 

bearing. The seventh natural frequency is 755.6Hz. Its corresponding mode shape is the elastic 

vibration of the gyro chamber, which is shown in figure 4. The next two frequencies are also 

referring to gyro-chamber. The tenth frequency is with respect to the vibration of the frame. It can 

be seen that all the natural frequencies are far from the work frequency, thus no resonance occurs 

under work status of the MS-CMG.  
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Fig.3. Finite element model of MS-CMG    Fig.4. The seventh mode shape of MS-CMG 

Table 2. Natural frequencies of CMG 

Order 1 2 3 4 5 6 7 8 9 10 

Frequency[Hz] 0.001 55.6 61 68.4 68.4 155 755.6 883 889 1156 

Structure Composing Gyro-chamber Magnetic bearing Gyro-chamber Frame 

Discussion and Conclusion 

It is obvious that the natural frequencies corresponding to the magnetic bearing are relatively closed 

in table 1 and table 2. However, the natural frequencies associated with the gyro-chamber in table 2 

are much less than that in table 1. The error arrives at 50%. Since a real rotation relation and 

displacement constraints are included in the new modal analysis scheme, the results in table 2 are 

more reliable. In addition, a small amount decreased for the natural frequency corresponding to the 

frame, which is due to the gyro-chamber and rotor components provide an additional mass in the 

modal analysis. Thus in the design of frame structure, frequency redundancy should be considered. 

The FEM of the whole MS-CMG structure is established and a new modal analysis scheme is 

presented. Since a real work status of MS-CMG is described, the new scheme provides more 

reliable results. The predicted natural frequencies are far away from the work frequency. Thus the 

MS-CMG structure satisfies the design requirement. The modal analysis work in this paper 

provides understanding on the dynamic behavior of MS-CMG and further optimal design. 
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Abstract: Through the study on social network information, this paper explore that there exists the 

certain and uncertain phenomena in the process of finding the relationship between individuals by 

using social networks, and the social networks are constantly changing. In light of there are some 

uncertainty and dynamic problems for the network, this paper put forward the set pair social network 

analysis model and set pair social network analysis model and its properties. 

Introduction 

Social networks, also known as social networks, are the relative steady relationship networks 

comprised by certain groups (people, businesses, organizations)[1]. As a new data mining technology, 

social network have applied in management, criminal organizations, the Internet and other areas. In 

the perspective of social networks[2-4], the references[2-4] found out the various social relationships 

existing as a single individual in the network, and the data mining for the social relationships. Zhou 

Weiguo[5] and other China scholars, find out the friendship between the network users through social 

network, and find out the shortest path between users through excavating the incidence relation 

between users at the exploited social network visual platform. Scholar Gao Peng[6] analyzed the 

timing sequence of chatting data to infer the relationship between users of social networking, and then 

judged and filtered the noise in the chatting data according to the reflected users’ communicative 

relations in the social network. The references [5, 6] between individuals, exchange of information of 

some individuals to get the relationships between the individuals. And make use of social networking 

information excavate some useful information. However, in the process of assessment of the 

individual relations in the network through the social network, there still exist different and uncertain 

information elements. And the incidence relation between individuals cannot be reflected totally by 

using the certain and identical information assessment. The nodes in the real social networks and the 

connected properties usually changes over time[7]. The relation between network will change with 

the variations of factors, therefore, it’s hard to dig the accurate information only in view of static state  

of the same elments between individuals at a time in network. Set pair analysis theory, a systematic 

analysis method to handle the uncertain problems, was put forward by Chinese scholar ZHAO 

Ke-qing in 1989. And then, SUN Jin-zhong built up a dynamic mould based on the Markow Chains 

set pair, and make huge progress in dealing with the dynamic uncertain problems of set pair.  So , this 

article try to put the idea of the set pair analysis into the social network, and put forward the set pair 

social network analysis model and set pair social network dynamic changes, and related properties. 

Basic concept 

Social Network.  

Social networks [8]can be represented as multiple points (social actors) and the set composed by  lines 

between points (on behalf of the relationship between the actors), if orderG as a social network, E  

the edge set, V  point set, then the social network can be expressed as ),( EVG = . Social network 
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embodies a kind of structural relations, which can reflect the social relations between actors. Different 

types of relations forms different social networks, such as social communication network, social 

support network, discussion network, the right network. 

Social networks can be divided into two categories: (1) the default social network (default social 

network): Social network information existing among the actors is not complete; actors and actors’ 

relationsh value is default; (Figure 1a) (2) a complete social network (complete social network): 

actors and actors’ relationship value is complete, that is, there exists relationship between any two 

actors. ( Figure 1b). 

                                                                                                      

Figure 1a  default social network                                         Figure 1b  complete social network 

 

Set pair analysis.  

Definition 2.1 set pair [9] is linked by a certain set of two pairs, under the synergistic’s uncertain 

systematic background, the two connected set A  and B , their characteristics were analyzed, and N  

characteristics were obtained, which S  owned by all set, and P  characteristics were contrast (the 

opposite), the rest F characteristics relationship are uncertain, then the two sets of mathematical 

expression for the degree of connection  u : 
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Where, i  is the different markers in the interval ]1,1[− in which values depend on the circumstances, 

the different part tend to same in ]1,0[ , on the contrary in ]0,1[− . j  only  acts as tag,  set pair need to 

deal with the differences caused by uncertain between any two sets, and make use of relation to show 

the relavance degree. 

Sets of network analysis model  

In the social network relationships,   the study of the properties of the two sets ie  and je , have N  

attributes (ie, the sum of the two objects’ attributes), including S  which are the same attribtes in two 

object properties set, and P  are not the same property in two object properties, and F  are the 

uncertain propertiesin two object properties. Then order: 
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As for the complex nodes in social networks, as well as the uncertainty between nodes, we give the 

following definition: 

Definition 2.1 suppose all the study object in social network are domain set { }neeeU �,, 21= , which 

ke  and se  has the attribute set: },,,{)(
21 nkkkk xxxeA �=  and },,,{)(

21 mssss xxxeA �= , then the 

relation degree between ke  and se  in the network at a time is: 

   jtcitbtatee sk )()()())(,( ++=ρ                                                                                           (2) 
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Where Utek ∈)(  and Utes ∈)( , a is the ration of the same properties and mutual properties in two 

objects; b is the ration of the uncertain properties and mutual properties in two objects; c  is the ratio 

of the different properties and mutual properties in two objects; i  is the different markers in the 

interval depending on the different circumstances on the values of ]1,1[− , j  only acts as tag  and 

valued 1− . 

Definition2.1  We know the two study objects’ relation degree is: 

jtcitbtatee sk )()()())(,( ++=ρ                                           (3) 
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Where 1;1];1,1[ =++−=−∈ cbaji  

And in social networks, the network will change over time, the original property value changes, and 

some attribute value is invariant, and some turns into other properties. May wish to time in 1+t , the 

original tS properties were still in the same state 1tS , 2tS  were transformed into an uncertain 

property, 3tS  were converted to the opposite property. tS  in ]1,[ +tt  is the transfer vector (after 

normalization) as 
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Similarly, the transfer vector cb , can be obtained; all assumptions Ibid. 

Therefore,  at the time of ]1,[ +tt  the transfer matrix was M , at 1+t time, the degree of the two 

subjects was )1)(,( +tee skρ : 
T

sk jtcitbtatee ))1()1()1()1)(,( +++++=+ρ  
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Definition 2.2: assuming  matrices nmsk eeR ×= )),((ρ  , R  is set on the connection matrix, where 

),( sk eeρ  is the element on the connection matrix set, nmsk eeR ×= )),((ρ  matrix is the relational 

matrix which study the relation between object ke  and se , or the relation degree of every study object 

of a set of relational matrix confirmed in networks. This matrix is: 
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We can define the relation degree of set pair social network and network centrad as: 

Definition 2.3 For a social network ),( EVG = , then the whole set of social networking on the link 

density is: 
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Definition 2.4: The relationship between social network study in any of the links with other subjects 

and take the maximum degree of any two subjects with the connection degree of difference from the 

previous maximum value is the central difference in the degree obtained: 
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3 Sets on the nature of social networks 

Set on the Contact Matrix: In any social network links between the two study degree of ),( sk eeρ , then 

the social network’s relationship between objects forms a set of the contact matrix. table (5 * 5 

networks) 

 
Table 1  The Network Matrix of 5 * 5 

 
1e  2e  3e    4e  5e  

1e  ),( 11 eeρ  ),( 21 eeρ  ),( 31 eeρ  ),( 41 eeρ  ),( 51 eeρ  

2e  ),( 12 eeρ  ),( 22 eeρ  ),( 32 eeρ  ),( 42 eeρ  ),( 52 eeρ  

3e  ),( 13 eeρ  ),( 23 eeρ  ),( 33 eeρ  ),( 43 eeρ  ),( 53 eeρ  

4e  ),( 14 eeρ  ),( 24 eeρ  ),( 34 eeρ  ),( 44 eeρ  ),( 54 eeρ  

5e  ),( 15 eeρ  ),( 25 eeρ  ),( 35 eeρ  ),( 45 eeρ  ),( 55 eeρ  

From the table: 

(1)set of the contact matrix ),( sk eeρ  are arbitrary, ),(),( kssk eeee ρρ = , the relation degree of the 

study objects se  and ke is the same as that of study objects ke  and se . 

(2) the value of the diagonal constants, namely 1),( =sk eeρ , expressed the same degree of self-study 

1.Diversity and opposition of 0.  

(3) When 1),( −=sk eeρ , then there is no connection between the two subjects. 

In the social networks, the relation degree between any two study objects changes over time,  the 

relationship between the two study may be strengthened, or the relationship between the two subjects 

may be reduced . Therefore, when the link between the two study objects become larger or smaller, 

then the relationship between the two study Strong Tendency or will appear weaker. Figure: 

 

 

Theorem 1: the link between the two study greater degree, then the relationship between the two 

objects will tend to strong ties. 

Study the links between the two degrees are smaller, the relationship between the two 

objects will tend to weak ties. 

↑),( sk eeρ  

ke  
se

 
Strong ties tend to 

↓),( sk eeρ  

ke
se

 
Weak ties tend to 

Figure 2  the Strongties and Weakties 
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Summary 

This paper proposes related concepts of social networks and set pair analysis, and gives strong support 

to put forward the definition of set pair social network, meanwhile, it also proposes the relative 

properties according to the definition of set pair social network and dynamic change of network, and 

comes up with new method for the uncertainty problem in social network and the dynamic problem in 

network. Considering that the uncompleted set pair social network theory currently, there are a lot of 

work to do in this aspect. 
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Abstract. Stiffness analysis plays an important role in the optimization of the machine tool. By 
analyzing the static stiffness, dynamic stiffness and natural frequency of the key components, we 
discussed how to improve static and dynamic performance of the whole machine. Through the finite 
element analysis method, weak parts of the vertical machining center are firstly identified based on 
static stiffness analysis. Due to the purposes of increasing the stroke in Y-direction, improving the 
whole machine stiffness and without increasing the whole machine weight, optimal designs are 
carried out mainly on the structures of the spindle box and the column. And the performance of the 
parts and the whole machine before and after optimization is compared by testing whether the 
stiffness is improved or not. We also conducted experiments, and the results are consistent with the 
results of finite element analysis. 

Introduction 

Stiffness is one of the most important performance index for metal cutting machine [1]. Raising 

stiffness is beneficial to machine tools’ efficiency, machining accuracy and suface processing quality 

[2]. Stiffness consists of static stiffness and dynamic stiffness, both of which need to be analyzed and 

optimized. Generally speaking, the larger static stiffness is, the harder one object will be deformed. 

And dynamic stiffness expresses the dynamic response when an object is under alternating load.  

Stiffness could affect the machining accuracy significantly. So stiffness analysis has been widely 

used in design and optimization of machine tools, not only the traditional machine tools, but also 

machining center, parallel machines and hybrid machines.  

In this paper, the research object is a vertical machining center (VMC) manufactured by TONTEC. 

The basic principles of stiffness analysis are based on finite element analysis theory. We used finite 

element analysis method to do static analysis, modal analysis and harmonic analysis separately. Static 

analysis is used to solve the static stiffness of the key parts, and harmonic analysis is used to solve the 

dynamic stiffness of the key parts. Modal analysis is used to solve the natural frequency of the key 

parts. To avoid some unnecessary computation, some models’ structures, such as chamfering and 

small bosses, have been simplified. 

Stiffness Analysis 

Stiffness is the ability to resist deformation for mechanical parts and components. In the elastic 
range, stiffness is a coefficient which is proportional to the load applied to the parts, and the load is 
also proportional to the components’ displacement [3]. In other words, stiffness is the force that could 
cause unit displacement. Stiffness consists of static stiffness and dynamic stiffness [4]. Static stiffness 
can be defined as the following form: 

s

F
k

d
=                                                                         (1) 

Where sk  is static stiffness, and F  is the external force applied to the object, and d  is the 

maximum deformation of the object in the external force’s direction.  
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Eq.1 defines the calculation method of static stiffness for an individual component. Symbols in 
the equation are slightly different for the whole machine. Since we are most concerned about the 
deformation of spindle where the cutting tool is installed, d  is the maximum deformation of the 
spindle in the external force’s direction when calculating the static stiffness of the whole machine. 

Dynamic stiffness is the capacity to resist deformation when dynamic load is applied to an object 
[5]. If the frequency of the interference force is close to the natural frequency of the object, resonance 
will appear [6]. The dynamic stiffness is the minimum at this moment, and the object is the most 
possible to be deformed. What’s more, the deformation will be several times more than the static 
deformation. The dynamic stiffness is defined as the following form: 

d

F
k

d
=

��

���

��                                                                         (2) 

Where dk
���

 is dynamic stiffness, and F
��

 is the dynamic force applied to the object, which is usually 

a harmonic force, and d
��

 is the maximum deformation of the object in the dynamic force’s direction. 

All of them are vectors, and dynamic stiffness is in complex form. Dynamic stiffness can be derived 
in the following expression: 

2 (1 )dk k m Dω λ ω= − + −
���

                                                       (3) 

The dynamic stiffness parameters include the rotor mass m , radial direct stiffness k , rotative 

speed ω , damping D , and fluid circumferential average velocity ratio λ . λ  is the ratio of the 

average fluid angular velocity divided by the rotor angular velocity. We usually ignore the damping 

D , so the dynamic stiffness dk
���

 only contains the real component. And F
��

 in Eq.2 is the peak of the 

harmonic force.  

Optimization of the VMC 

Optimization Goals 

The vertical machining center is made up of a large number of components. In order to optimize 
the whole machine, the optimization goals include the following aspects: 

• To improve the stiffness of the key components, aiming to achieve the goal of increasing the 
whole machine stiffness.  

• To achieve the above goal without increasing the whole machine weight.  

• To increase the stroke in Y-direction, to increase the machining range of the vertical machining 
center, while not reducing the whole machine stiffness in Y-direction.  

• To improve the whole machine stiffness in X-direction, while not reducing the stiffness in the 
other two directions. 

Static Stiffness Analysis of the Whole Machine 

The relative positions between components will affect the static stiffness of the whole machine. 
Therefore the components are assembled in accordance with their relative positions under cutting 
conditions. The vertical machining center has three axes. So we need to do static stiffness analysis in 
three directions respectively. X-axis is the direction of the worktable’s movement, Y-axis is the 
direction of the saddle’s movement, and Z-axis is the direction of the spindle box’s movement.  
Fig.1 shows the machine model after being imposed of restrictions and loads. The bolt holes at 

bed’s bottom are set to be fixed. The external force is applied to the spindle, and its reaction force is 
applied to the worktable. Loads are applied to the model in three directions respectively to solve the 
static stiffness of the whole machine. Then we can obtain the deformation of the whole machine in 
three directions. Fig.2 shows the deformation in Z-direction. According to Eq.1, we can calculate the 
static stiffness (N/μμμμm) of the whole machine in X, Y and Z directions are 65.7, 186.9 and 97.5 
respectively. It’s easy to see that the static stiffness in X-direction is relatively poor, and Y-direction 
relatively good. We could reduce the static stiffness in Y-direction appropriately, so that the static 
stiffness in X-direction would be improved. The spindle box and column render the maximum 
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deformation, which can be seen from the deformation pattern displayed in the software. Therefore, we 
need to optimize the spindle box and the column.  

                                                        

Figure 1. Restrictions and loads for simulation          Figure 2.  The deformation in Z-direction 

Optimization of the Spindle Box 

Fig.3 shows the structure of the spindle box. We will do static stiffness analysis with it at first. Its 
surfaces that contact with the sliding bottom on the sliding rails are set to be fixed. A remote force is 
applied to its torus. Thus its static stiffness can be calculated according to Eq.1.  

    
Figure 3.  The spindle box model before and after optimization 

We can see that the structure of the spindle box is asymmetric from Fig.3. In order to balance the 
stiffness in all directions, we changed its structure into symmetric, as shown in Fig.3. We could 
optimize the spindle box further, for example, to increase the size in X-direction, reduce the size in 
Y-direction, or increase the size of the wall thickness, etc. The results obtained are shown in Table II.  
The meanings of the codes in Table 1 are as following.  

• 1 represents the mass and static stiffness data of the spindle box before optimization.  

• 2 represents the data after adding stiffeners.  

• 3 represents the data after reducing the size in Y-direction.  

• 4 represents the data after increasing the size in X-direction.  

• 5 represents the data after increasing the size of the wall thickness.  

• 6 represents the data after reducing the size in Y-direction while increasing the size in 
X-direction.  

• 7 represents the data after reducing the size in Y-direction while increasing the size in 
X-direction and the size of the wall thickness.  

Table 1. Static stiffness of the spindle box 

Code 
Mass 

(kg) 

Static Stiffness (N/µm) 

X-direction Y-direction Z-direction 

1 280.3 134.9 717.2 325.3 

2 319.7 148.1 755.1 386.4 

3 269.8 153.6 755.3 386.3 

4 290.3 179.3 743.7 341.9 

5 309.9 167.4 877.1 409.5 

6 281.6 201.1 775.3 400.6 

7 312.8 261.9 1005.4 515.5 
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As can be seen from the data in Table 1, adding stiffeners has little effect on increasing stiffness, 
but it will increase the weight. In contrast, increasing the size of the wall thickness will increase the 
static stiffness, but it will also increase the weight. Based on comparison of the data in Table 2, we 
choose Option 6. Then, we did dynamic stiffness analysis and modal analysis with the spindle box 
before and after optimization. The results are listed in Table 2.  

Table 2.  Dynamic stiffness and natural frequency of the spindle box 

 
Natural 

Frequency(Hz) 

Dynamic Stiffness (N/µm) 

X-direction Y-direction Z-direction 

Before Optimization 703.8 9.96 12.11 2.39 

After Optimization 751.9 87.68 20.86 4.19 

As can be seen from Table 2, the dynamic stiffness has been enhanced, and the natural frequency 
has been improved. The natural frequency in Table 2 is the first natural frequency, and the higher 
natural frequency has also been improved.  

Optimization of the Column 

Optimizing the column is similar to the steps of the optimization of the spindle box. During the 
optimization of the column, we increased its size in X-direction, reducing the size in Y-direction and 
Z-direction, aiming to improve the stiffness in X-direction. Fig.4 shows the structure of the column 
before and after optimization.  

      
Figure 4.  The column model before and after optimization  

The surfaces of the column that contact with the bed are set to be fixed, and a remote force is 
applied to the surfaces that contact with the sliding rails. Then its static stiffness could be calculated 
according to Eq.1. The results of static analysis and modal analysis are shown in Table 3. 

Table 3.  Static stiffness and natural frequency of the column 

 
Natural 

Frequency(Hz) 

Static Stiffness (N/µm) 

X-direction Y-direction Z-direction 

Before Optimization 257 380.1 549.4 748.4 

After Optimization 376.5 724.1 632.9 724.3 

As can be seen from Table 3, the static stiffness has been enhanced. The natural frequency in Table 

4, which is the first natural frequency, has been improved, and the higher natural frequencies have 

also been improved. When the masses of two different objects are similar, the stiffness of the one with 

higher natural frequency should be better. So in this case, we can conclude that the column stiffness 

after optimization is better than its stiffness before optimization.  

Performance Comparison Before and After Optimization  

Now we will do stiffness analysis with the whole machine model after optimization. Only a 
harmonic force is imposed on the spindle in dynamic stiffness analysis. And the other settings are the 
same with static stiffness analysis. Based on the displacement obtained, we can calculate the dynamic 
stiffness of the whole machine according to Eq.2. And the results are listed in Table 4.  
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Table 4.  Performance of the whole machine before and after optimization 

 
Static Stiffness (N/µm) Dynamic Stiffness (N/µm) 

X Y Z X Y Z 

Before Optimization 65.7 186.9 97.5 19.6 23.9 8.66 

After Optimization 94.5 225.3 106.1 88.3 23.2 20.9 

From the data in Table 4, we can see that the static stiffness of the whole machine after 
optimization has been all improved in three directions. Although the dynamic stiffness in Y-direction 
decreased slightly, but the dynamic stiffness in the other two directions has been improved.  

Conclusions 

We used finite element analysis method to analyze the static stiffness of the whole machine model, 
and we found the weak parts on static stiffness were the spindle box and the column. To improve the 
static stiffness of these parts, we carried out improvements with these key parts. Then we did static 
analysis, modal analysis and harmonic analysis with them separately to compare their performance, 
and found that their stiffness had been improved. Finally, we performed finite element analysis to 
calculate the static stiffness and dynamic stiffness of the optimized machine, as well as experiments to 
verify the results of the simulation.  
We can see that all the optimization goals mentioned in Part III have basically been achieved. From 

the optimization results above, we can see that the effects of optimization based on stiffness analysis 
are quite obvious. And the analytical and the experimental results showed good consistency, which 
means that the optimal method is practical.  
Furthermore we noticed that the errors between experimental results and simulation results are 

relatively large, although their trend is consistent. This is because the simulation we did does not take 
it into account that the impact of joint surfaces. 
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Abstract. An experimental biomimetic water-jetting propulsion vehicle for robot cuttlefish is 

presented. Firstly the cuttlefish swimming mode and mantle muscle structure is analyzed as the theory 

basis. Secondly the vehicle is designed and manufactured. The vehicle is actuated by SMA wires. 

Through rational structural design, it can achieve flexible water-jetting propulsion like cuttlefish 

mantle. Thirdly the geometrical model of the biomimetic mantle cross section is built. At last, the 

performance of the propulsion machine is tested by experiment. The experimental results are mainly 

about the response curves of the mantle outside diameter, the strain of SMA wire and the swimming 

displacement with time. The maximum contractive distance of the biomimetic mantle along the 

vertical direction is 6 mm, the maximum strain of SMA wire is -1.8 %. The maximum swimming 

speed is 45 mm/s. 

Introduction 

Ocean resources are becoming more and more important as the earth resources are exhausted 

gradually in the 21st century. Unmanned underwater vehicles (UUVs) are the most effective devices 

to explore, to exploit and to protect the ocean resources. But the UUVs propelled by screws suffer 

from low propulsive efficiency, bad maneuverability, high noise, and aquatic life damage by their 

blades, etc. The locomotion of aquatic animals is a result of many millions of years of evolutionary 

optimization for rapid, efficient and adjustable movement. With the development of the computer 

technology, bionics, mechatronics and materials science, many kinds of biomimetic underwater 

robots imitating aquatic animal have been developed, for instance, robot fishes [1-3], the robot lobster 

[4], the undulatory tadpole robot [5], the jelly fish robot [6], the robot squid [7], etc. 

Fish are the most common aquatic animals which propelled themselves by their 

undulatory/oscillatory fins of body. It is well known that fishes swim with high speed, high efficiency, 

high maneuverability and low noise. So many kinds of autonomic underwater vehicles tend to imitate 

fishes’ locomotion modes to achieve high performance recently. Another class of aquatic animals 

swims using a kind of water-jetting propulsion mode. Thrust is generated by directly jetting water 

from the body cavity which is powered by contraction of muscles. Comparing with the fish swimming 

modes, water-jetting propulsion can achieve higher speed, for example escape-jet locomotion of 

squids. The jetting propulsion can also achieve the precise positioning during slow swimming with 

high efficiency for example pelagic locomotion of jellyfishes. Consequently, the underwater robot 

using biomimetic water-jetting propulsion has a very well research prospect. Researchers have 

developed a variety of water-jetting propulsion vehicles already. Mohseni et al from university of 

Colorado developed a vortex ring thruster (VRT) [8]. Thomas et al from California Institute of 

Technology developed a synthetic jet propulsion system used in a small scale autonomous underwater 

vehicle with low speed and high maneuverability [9]. 

 In the present work, the mechanism of water-jetting propulsion locomotion and the structure in the 

mantle of the cuttlefish are firstly analyzed. Then a biomimetic water-jetting propulsion vehicle that 

imitates cuttlefish is developed. The vehicle is actuated by the Shape Memory Alloy (SMA) wires. At 

last the propulsion performance of the biomimetic water-jetting propulsion vehicle is experimented 
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and tested. The experimental results show that the vehicle has a simple structure. It also can propel 

itself by jetting water obviously following flexible contraction of the man-made mantle.  

Mechanism of water-jetting propulsion mode of cuttlefish 

Cuttlefish, which are soft-bodied marine cephalopods, propelled themselves by using a complex of 

jetting propulsion for high speed swimming and fin undulatory propulsion for low speed swimming 

and hovering. Figure 1 shows the jetting process of cuttlefish. The jetting propulsion process includes 

both the refill and jet periods. During the refill period, mantle becomes inflated firstly and 

consequentially water rushes into the mantle cavity by passing the sides of the head and the collar. In 

this period, the funnel orifice keep closed. Then the mantle contracts, so the water pressure in the 

mantle cavity increases and the collar is forced against the mantle wall. The route used for sucking 

water into the mantle cavity is then closed down, which causes the collar act as a one-way valve. The 

ventral wall of the funnel presses against the mantle as well and the funnel stays open during mantle 

contraction. Water, therefore, is forced through the funnel and out the funnel orifice. The thrust 

provided by the water leaving the funnel based on the principle of momentum conservation can be 

directed by muscularly directing the funnel. After the jet period, the cuttlefish refills its mantle cavity 

with water to prepare for the next jet period again. When the jet process begins, the jet orifice expands 

to its maximum diameter rapidly. During the remainder of the contraction cycle, cuttlefish actively 

reduces funnel diameter to maximize power output from a given volume change [10]. During the 

refill periods, the fins of cuttlefish will be undulatory with high frequency to reduce the loss of 

velocity. During the jet periods, the fins will be wrapped around the outside mantle to maintain an 

excellent streamlined body and reduce drag. 

   a. Refill periods b. Jet periods 

Water 
Water 

Funnel Funnel 
 

Fig.1 Scheme of jetting process for cuttlefish 

Muscle structure of cuttlefish’s mantle 

Cuttlefish's body is not supported by common hardened skeletal elements, but by the muscular 

hydrostatic skeletal. Muscular hydrostatic skeletal differ from common musculoskeletal systems 

because muscles alternately stiffen and support a structure, or produce movement. The musculature 

therefore acts both as the effector of movement and as support for movement. The lofty swimming 

ability of cuttlefish benefits from its muscular hydrostatic skeletal system. 

The mantle muscle structure of cuttlefish and squid is same. The mantle of loliginid squids 

includes two predominant muscle orientations: circumferential muscle fibers (CM) that constitute the 

bulk of the mantle wall and radial muscle fibers (RM) that extend from the inner to the outer surface 

of the mantle wall as partitions between the bundles of circular muscle fibers [11]. 

The design of biomimetic water-jetting propulsion vehicle  

Actuator selection. Actuator selection is very important in designing the biomimetic water-jetting 

propulsion vehicle. In order to simulate muscle contraction well, the drive materials need to provide 

sufficient output force, power and deformation. Presently, widely used artificial muscle materials 

include SMA, ion conducting polymer metal composite and piezoelectric. SMA actuators have these 

advantages: small volume, simple structure, flexible movement, easy to control, less effected by the 

surrounding environment (except temperature). Ti-Ni based SMA is widely used because of its high 

resistance rate, long fatigue life, large recovery stress, large recovery strain and high energy density. 
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SMA wire is similar to the circular muscle fiber of cuttlefish. So it is easy to lay and embed into the 

structure as a suitable biomimetic water-jetting propulsion actuator. 

Design guidelines. When cuttlefish swims in low speed，the action frequency of the mantle is also 

low. In this swimming strategy, the mantle contraction is active by circular muscle fiber contraction. 

But the mantel expansion is passive because it just relies on the energy stored in the mantle. The radial 

muscle does not contract at all. The present biomimetic water-jetting propulsion vehicle just 

simulates cuttlefish with slow frequency and low speed. The requirements of the water-jetting 

propulsion vehicle are given as follow: 

(1) The cross section of the biomimetic mantle is semicircular. It can achieve uniformity 

contraction and release actions like cuttlefish’s mantle. The contraction action is driven by SMA 

wires contraction. The refilling action relies on the elastic energy stored within the mantle. 

(2) It is difficult to make the biomimetic mantle be a pure flexible hydrostatic skeletal structure due 

to existing technology, so in our present research a kind of quasi-flexible structure was used.  

(3) As the thickness of the biomimetic mantle is limited, it is difficult to simulate the radial muscle 

and its contraction. Only circular muscle contraction and its movement are simulated. 

Structure design. The biomimetic water-jetting propulsion vehicle has similar shape with real 

cuttlefish, consisting of the biomimetic mantle, shell, switch membrane and nozzle. Figure 2 shows 

the biomimetic water-jetting propulsion vehicle. The cross-section of the biomimetic mantle is 

semicircular. The rearward and the circle side of the biomimetic mantle are closed while the foreside 

is open. The refill and jet can be achieved by diametrical change of the biomimetic mantle. The shell 

is basis of the vehicle. The nozzle and switch membrane are installed at the foreside of the shell. The 

switch membrane is also a flexible structure which is open when refilling water and closed when 

jetting water. 

    
Biomimetic Mantle Supporting rib 

Flexible body 

Nozzle 
Shell 

Switch membrane 

SMA wire 

 

R 

r 

h 
SMA wire 

b 

  

Fig.2 The structure of the vehicle               Fig.3 A cross section of biomimetic mantle 

The biomimetic mantle consists of supporting ribs, SMA wires and flexible body. The flexible 

body is base of the biomimetic mantle, made of silicone gel. The silicone gel has well flexibility, 

resilience, stability, tear resistance. Its density is close to water. Supporting ribs are evenly distributed 

and embedded along the circumferential direction in the flexible body, playing a supportive role. 

Every two adjacent ribs are connected by a SMA wire. When the SMA wires contract, the distance 

between every two adjacent ribs will be reduced. Then the entire biomimetic mantle contracted. 

Figure 3 shows the contraction process of a cross section of biomimetic mantle. 

The elastic energy resilience mechanism is employed in the mantle movement process. When the 

SMA wires are electrical heated, they contract because of their inner phase transformation. The forces 

generated by SMA wires in vertical direction of the ribs reduce the distance between adjacent ribs. 

This will induce an increase in the thickness of the biomimetic mantle wall. Because the biomimetic 

mantle wall is essentially constant in volume, it must result in a decrease in the biomimetic mantle 

diameter while elastic energy is stored in the flexible body. When the electrical heating ends, the 

SMA wires begin to transform into martensite phase. Then the energy releases from the flexible body 

and drives the SMA wires to return its initial length. The flexible body also returns to its initial 

thickness. This thinning results in an increase in the diameter of the biomimetic mantle and expansion 

of the mantle cavity. The process goes round and round. The pulse water-jetting propulsion is 

achieved by cycle of heating and cooling of the SMA wires. 
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Several hypotheses are made to describe the kinematics of the biomimetic mantle by a mathematic 

model: the longitudinal length of the biomimetic mantle always keeps at a constant; the thickness of 

the biomimetic mantle at every time t keeps uniform in the deformation process; the inside and 

outside walls of the biomimetic mantle are circular surfaces in the deformation process; the 

deformation of supporting rib and its impact on silicone gel deformation is ignored because the 

supporting rib is narrow; The contraction of SMA wires keep uniformity in the action process.  

So the relationship of the SMA wires strain and the outside diameter of the biomimetic mantle can 

be expressed 

( ) [ ]

2 22 ( ) 2 ( )
( )

2 2 ( )

π 2arcsin( ) ( )
( )

( )

r h t rh t
R t

r h t

r
r b R t b

R t
t

L
ε

 + −
= −


− − ⋅ −

 =


 

where R is the outside diameter of the biomimetic mantle after the contraction of SMA wires, h is 

contractive distance of the outside diameter along the vertical direction, r is the is the outside diameter 

of the biomimetic mantle before the contraction of SMA wires, t is time, b is the distance from the 

installation location of the SMA wires to the outside wall of the biomimetic mantle, L is the length of 

a single SMA wire, ε  is the strain of the SMA wires.  

Experiments and discussion 

In order to test the performance of the water-jetting propulsion vehicle, initial swimming experiment 

was done. The biomimetic mantle is 230 mm in length, 160 mm in width, 55 mm in height, 8 mm in 

thickness. 9 supporting ribs and 6 SMA wires are embedded in the biomimetic mantle. The diameter 

of the SMA wires is 0.2 mm. The nozzle is 30mm in length, 6 mm in inside diameter of the jetting 

orifice. The vehicle weight is 728 g and filled water weight is 700 g. Figure 4 shows the swimming 

state of the vehicle in water. 

In the experiment DC power supply is used to drive SMA wires. The electric voltage is 20 V, 24 V 

and 28 V. The heating time is 1.5 s, and cooling time is 2 s. Digital video recordings of the motion of 

the biomimetic vehicle were used to determine very accurate jetting kinematics and biomimetic 

mantle deformations. Then the action images are processed through the video processing software. 

Figure 5 shows a test result of swimming along a straight line. The contractive distance of the outside 

diameter along the vertical direction and strain of SMA wires are shown in Figure 6. 

  

Initial state Final contractive state 

 

Fig.3 The biomimetic water-jetting propulsion vehicle 

The experimental results show that: The radial contraction of the biomimetic water-jetting vehicle 

is uniform distribution, imitating flexible contraction of real cuttlefish mantle well. The maximum 

swimming speed is 45 mm/s. The maximum contractive distance of the biomimetic mantle along the 

vertical direction is 6 mm, the maximum strain of SMA wire is -1.8 %. With the increase of voltage, 

the maximum swimming speed, the contractive distance of the mantle and the strain of SMA wire 

also increase. The displacement curve in figure 5 shows: in 0 ~ 1.6 s interval, the swimming speed 

increase fast; after 1.6 s, the speed reduces gradually.  

The contractive distance curve of the mantle and the strain curve of SMA wire in figure 6 show: in 

0 ~ 1.6 s interval, the SMA wires contract driven by electric current heating, then the mantle contract 
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and achieve maximum strains; after 1.6 s, the heating of the SMA wire is over, the biomimetic mantle 

expand back to its initial state by elastic energy stored in the mantle.  

               

                    Fig.4 The curves of displacement         Fig.5 The curves of contractive distance and strain 

Conclusions 

The biomimetic water-jetting propulsion machine is developed by based on the analysis of cuttlefish’s 

swimming mode and mantle muscle structure. The machine is actuated by SMA wires, through the 

rational structural design achieved a flexible water-jetting propulsion that simulated jetting action of 

cuttlefish mantle. The machine has a simple structure, and without any transmission. Experimental 

results show that the propulsion machine has a flexible action is good, noise-free swimming, etc., for 

the development of robot cuttlefish laid the foundation. With the gradual improvement of the design 

and perfect the biomimetic water-jetting propulsion machine for underwater robot development will 

provide a new and efficient underwater propulsion machine. 

Acknowledgment 

This work is supported by the National Natural Science Foundation of China under grant No. 

50775049 and by Self-Planned Task (NO. SKLRS200805C) of State Key Laboratory of Robotics and 

System (HIT). 

References 

[1] A. H. Techet, F. S. Hover, M. S. Triantafyllou: Flow, Turbulence and Combustion, Vol. 71 

(2003), p. 105~118 

[2] J. D. Liu, I. Dukes, H. S. Hu: International Conference on Intelligent Robots and Systems 

(Edmonton, Canada, August 2-6, 2005) 

[3] K. H. Low, A. Willy: Journal of Vibration and Control, Vol. 12(2006), p. 1337~1359 

[4] K. K. Safak, G. G. Adams: Robotics and Autonomous System, Vol. 41(2002), p. 225~243 

[5] Kim, D. H. Kim, J. Jung, et al.: Smart Materials and Structures, Vol. 14(2005), p. 1579~1585 

[6] S. Guo, L. Shi, X. Ye, et al.: IEEE International Conference on Mechatronics and Automation 

(Harbin, China, August 5-8, 2007) 

[7] Information on http://www.robotster.org 

[8] M. Krieg, K. Mohseni: Journal of Oceanic Engineering, Vol. 33(2008), p. 123~132 

[9] A. P. Thomas, M. Milano, M. G. G'sell, et al.: IEEE International Conference on Robotics and 

Automation (Barcelona, Spain, April 18-22, 2005) 

[10] I. K. Bartol, M. R. Patterson, R. Mann: Experimental Biology, Vol. 204(2001), p. 3655~3682 

[11] W. M. Kier, J. T. Thompson: Proceedings of the 1st International Symposium: Coleoid 

Cephalopods through Time (Berlin, Germany, 2003) 

Shaobo Zhong, Yimin Cheng and Xilong Qu 77WWW.BEHSAZPOLRAZAN.COM



A Fuzzy Concept Similarity Measure Based on Lattice Structures 
  

 Lidong Wang1,a, Dianxuan Gong2,b and Xin Wang1,c  

1
Department of mathematics, Dalian Maritime University, Dalian 116026, P. R. China 

2
College of Sciences, Hebei Polytechnic University, Tangshan 063009,  P. R. China 

a
 wld1979@yahoo.com.cn, 

b
 dxgong@heut.edu.cn, 

c
 xenawang7811@hotmail.com  

Keywords: Concept similarity, fuzzy concept lattice, irreducible element, ontology 

Abstract. With the rapid development of the semantic web, determining the degree of similarity 

between concepts from same or different ontologies plays an increasing crucial role. In this paper, a 

new similarity model based on lattice structural information is proposed to evaluate the similarity 

degree between fuzzy concepts in the framework of fuzzy formal concept analysis. The proposed 

method preserves more structural information, which can be viewed as another extension and 

development of de Souza and Davis’s model in fuzzy context. 

Introduction 

Evaluating the similarity between two things is one of the most popular ways for people to compare 

the two things and acquire knowledge. A variety of similarity measures have been proposed for 

evaluating the similarity between RNA structures, fuzzy rule bases, domain concepts, documents, 

ontology mapping etc. [1]. In semantic web, measuring concept similarity is crucial for ontology 

mapping, ontology alignment. Ontology is a conceptualization of a domain into a human 

understandable, machine-readable format consisting of entities, attributes, relationships, and axioms. 

It is used as a standard knowledge representation for the semantic web. With the rapid development of 

the semantic web, it is likely that the number of ontologies will greatly increase during the next few 

years, which leads to the arising demand for rapid and accurate assessing concept similarity [2]. So, 

assessing the similarity between concepts is an important and interesting activity in ontology mapping 

and alignment 

Many similarity measure approaches to deal with ontology mapping and alignment have been 

proposed. The main approaches are based on distance within an ontological structure, concept 

information content, concept feature matching and a combination of these approaches. Currently, 

FCA (formal concept analysis) techniques have been used to deal with evaluating concept similarity 

in ontology construction and merging [2-5]. Concept lattice-based similarity models can preserve 

more featural and structural information and have a higher correlation with human intuition. de Souza 

and Davis have introduced a new similarity model based on concept lattice, in which meet-irreducible 

elements (structural elements) are then used as features in similarity model proposed by Rodriguez 

and Egenhofer [6].  

These measures can only deal with typical ontology merging and ontology mapping. However, the 

conceptual formalism supported by typical ontology may not be sufficient to represent uncertainty 

information commonly found in many application domains due to the lack of clear-cut boundaries 

between concepts of the domains. To tackle this type of problems, one possible solution is to 

incorporate fuzzy logic into ontology to handle uncertainty data [7]. Fuzzy ontology is generated and 

used in text retrieval and search engines, in which membership values are used to evaluate the 

similarities between the concepts in a concept hierarchy [8]. In particular, fuzzy ontology based on 

FFCA (fuzzy formal concept analysis) is a currently interesting topic [8-10]. Thus, it is necessary and 

interesting to assessing the similarity between concepts under fuzzy context.  

Inspired by above works, a new similarity model based on lattice structural information is proposed, 

which preserves more structural information of fuzzy concept lattice. The paper is organized as 
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follows. In the next section, the notion of a fuzzy concept lattice is recalled. In Section 3, the related 

similarity models are briefly summarized. Successively, in Section 4, a new method for assessing 

fuzzy concepts similarity is proposed. A detailed analysis for the model is discussed. Finally, 

conclusions are drawn in Section 5. 

Fundamentals of fuzzy formal concept analysis 

The fuzzy formal concept analysis (FFCA) incorporates fuzzy logic into formal concept analysis to 

represent vague information. There exist few different definitions about FFCA, we adopt the 

definition introduced by [8]. In FFCA, a fuzzy concept is defined within the fuzzy formal context. 

Definition 2.1. ([8, 11]) A fuzzy formal context is a triple ( , , ( , ))K X M I X Mφ= = , where X is a set 

of objects, M is a set of attributes, and I is a fuzzy set on domain X M× . Each relation ( , )x m I∈  has 

a membership value ( , )x mµ  in [0,1]. 

Given a fuzzy formal context K = (X,M,I)  and a confidence threshold T, denote 
* { | , ( , ) }A m M x A x m Tµ= ∈ ∀ ∈ ≥  for A X⊆ and * { | , ( , ) }B x X m B x m Tµ= ∈ ∀ ∈ ≥  for B M⊆ . 

Definition 2.2. ([8]) A fuzzy formal concept (or fuzzy concept) of a fuzzy formal context (X,M,I)  

with a confidence threshold T is a pair of ( ( ), )A Bφ , where A X⊆ , B M⊆ , *A B= , and *B A= . 

Each object x A∈  has a membership xµ  defined as min ( , )x m B x mµ µ∈= , where ( , )x mµ = 

membership value between object x and attribute m with I, ( ) { / | }xA x x Aφ µ= ∈ . If B is empty, 

then 1xµ = for any x A∈ . A and B are the extent and intent of the fuzzy concept ( ( ), )A Bφ , 

respectively. F(X,M,I)  denotes the set of all fuzzy concepts of the fuzzy context (X,M,I)  with the 

confidence threshold T. 

Definition 2.3. For 1 1( ( ), )A Bφ , 2 2( ( ), )A Bφ ( , , )F X M I∈ , define 1 1 2 2( ( ), ) ( ( ), )A B A Bφ φ≤ ⇔  

1 2( ) ( )A Aφ φ⊆  (which is equivalent to 2 1B B⊆ ). 1 1( ( ), )A Bφ  is called the sub-concept of 2 2( ( ), )A Bφ , 

2 2( ( ), )A Bφ  is called the sup-concept of 1 1( ( ), )A Bφ . 

Lemma 2.1. ([11]) Let (X,M,I)  be a fuzzy formal context, ( ( , , ), )F X M I ≤ is complete lattice, in 

which meet and join given by: 

**

1 1 2 2 1 2 1 2( ( ), ) ( ( ), ) ( ( ),( ) )A B A B A A B Bφ φ φ∧ = ∩ ∪
,

**

1 1 2 2 1 2 1 2( ( ), ) ( ( ), ) ( (( ) ), )A B A B A A B Bφ φ φ∨ = ∪ ∩
. 

Definition 2.4. ([12]) Let L be a lattice, a L∈ . If for any ,a b L∈ , c a b= ∧ ⇒  c a=  or  c b= ; c is 

called a meet-irreducible(∧ ) element; if for any ,a b L∈ , c a b= ∨ ⇒  c = a or c = b; a is called a 

join-irreducible ( )∨  element. 

In Hasse Diagram, meet-irreducible element is linked upwards by only one edge,  join-irreducible 

elements are linked downwards by only one edge. 

Related similarity models based on FCA and FFCA 

In [6], Rodriguez and Egenhofer have proposed an assessment of semantic similarity among entity 

classes in different ontologies based on the normalization of Tversky’s similarity model [13], 

1 2

1 2 1 2 2 1

| |
( , )

| | ( , ) | | (1 ( , )) | |
RE

B B
S a b

B B a b B B a b B Bα α
∩

=
∩ + − + − −   ,                                       (1) 

where the function |·| represents the cardinality of a set, ( , ) ( ) / ( ( ) ( ))a b depth a depth a depth bα = + , if 

( ) ( )depth a depth b≤ ; ( , ) 1 ( ) / ( ( ) ( ))a b depth a depth a depth bα = − +  , if depth(a) > depth(b). 

Shaobo Zhong, Yimin Cheng and Xilong Qu 79WWW.BEHSAZPOLRAZAN.COM



 

Another modification of Tversky’s model is presented by de Souza and Davis [3] to use the intents 

of structural elements of the lattice (meet-irreducible elements) as features. By using concept lattice 

operations (join ( )∨ and meet ( )∧ ), the set of common meet-irreducible elements is given by the 

meet-irreducible elements which are the intent of a b∨ . This set will be represented as ( )a b ∧∨ . The 

similarity model is as follows: 

| ( ) |
( , )

| ( ) | | ( ) | (1 ) | ( ) |
SD

a b
S a b

a b a b b aω ω

∧

∧ ∧ ∧

∨
=

∨ + − + − −
,                                                       (2) 

Where ( )a b ∧−  is the set of meet-irreducible elements which are in a but not in b, and ( )b a ∧−  is the 

set of meet-irreducible elements which are in b but not in a. The value of ω  is within the range [0, 

0.5]. This kind of measure combines featural and structural information into decision, which is easy to 

understand and more reliable. 

To further improve the performance of the concept lattice-based similarity measure, Zhao et al. [2] 

and Wang et al. [14] extended de Souza and Davis’s measure by virtue of rough set theory, 

respectively. In their models, meet-irreducible elements are replaced by the intents (extents) 

corresponding to the different lower approximation of attributes (objects). These models are also 

suitable for concept approximation. 

Above mentioned measures can only deal with typical ontology merging and ontology mapping. 

To tackle ontology merging and ontology mapping with uncertainty, few measures based fuzzy 

concept lattice have been given to evaluate the similarities between different fuzzy concepts. In [9], 

the similarity of a fuzzy formal concept 1 1( ( ), )a A Bφ=  and its sub-concept 2 2( ( ), )b A Bφ=  is defined 

as: 1 2 1 2( , ) | ( ) ( ) | / | ( ) ( ) |a b A A A Aφ φ φ φ= ∩ ∪ .This similarity has been used in clustering quality 

evaluation and fuzzy ontology generation based on FFCA [8]. Although these models are easy to be 

implemented, the structure information of fuzzy lattice is not taken into consideration. 

Similarity model based on FFCA 

Inspired by above methods, a new model to evaluate the similarity of fuzzy concepts is introduced. 

Similarity model based on lattice structures 

For any , ( , , )a b F X M I∈ , define similarity measure of a, b as follows: 

| | | ( ) |
( , ) (1 )

| | | ( ) | (1 ) | ( ) | | ( ) | | ( ) | (1 ) | ( ) |

F
F

F F F

a b a b
S a b

a b a b b a a b a b b a
ω ω

β β γ γ

∨ ∨ ∧

∨ ∨ ∨ ∨ ∧ ∧ ∧

∩ ∨
= + −

∩ + − + − − ∨ + − + − −

where a∨  represents the fuzzy set of the extent of join-irreducible elements of a. a b∨ ∨∩ represents 

the conjunction of the fuzzy sets a∨  and b∨ . ( )a b ∨− is the set of objects which are in a∨  but not in 

b∨ , and ( )b a ∨− is the set of objects which are in b∨  but not in a∨ . | |Fa∨ represents the cardinality of 

the fuzzy set a∨ . | |, ( ) , ( )a a b b a∧ ∧ ∧− −  defined as the model (Eq.2). The parameters β and γ are 

introduced in the model as Tversky’s model to consider psychological elements that the assessment of 

similarity is not symmetrical. One example usually cited is that people consider North Korean more 

similar to Chinese than Chinese to North Korean. The weight ω ( 0 1ω≤ ≤ ) can be established by the 

user. By adjusting the value ofω , one can consider different contribution of objects and attributes to 

enrich the flexibility of the method. 

Analyses for the model 

In the proposed model, not only the influence from meet-irreducible concepts, but also that from 

join-irreducible elements is considered. Meet-irreducible elements play an important role in lattice. 

Every meet-irreducible element is corresponded to one new attribute being added [4]. It is isolated. 

Every concept of fuzzy concept lattice can be written as a meet of other meet-irreducible elements. 

However, join-irreducible elements can play the same important role with as meet-irreducible 
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elements in lattice. Every join-irreducible element is corresponded to one new object being added. 

Every concept of fuzzy concept lattice can also be written as a join of other join-irreducible elements. 

Meet and join-irreducible elements contain main structure information to the lattice. So, the proposed 

method combines featural and structural information into decision. 

Table 1. Fuzzy context with threshold 0.8             

ix  a b c d e 

1x  0.8 1.0 — 0.8 1.0 

2x  0.9 0.8 1.0 — — 

3x  — — — 0.9 — 

4x  1.0 1.0 0.8 — — 

Figure 1. Hasse Diagram generated from Tab. 1. 
 

For example, in (A) of the Fig. 1, the node 2 is meet-irreducible and introduces the attribute d, 

whereas the node 4 introduces the attribute e but is not meet-irreducible. That happens because e 

exists only in conjunction with the attributes a, b and d. They are not isolation. For this reason, the 

attribute e could be eliminated without any loss of structural information. The fuzzy concept lattice 

could be completely reconstructed without the presence of the attribute e. For example, in Fig.1, 

figure (B) generated from Tab.1 without the attribute e has the same structure with figure (A). 

One point that is worth mentioning is that few attributes are usually added to one meet-irreducible 

element, for instance node 3 introduces attributes a and b in (A) of the Fig.1. From the point of 

structure of lattice, any of these attributes plays the same role with e in (A) of the Fig.1, so we take 

only one into account in the second part of the proposed model. 

Example 4.1. As an example, we calculate the similarity measure between fuzzy concepts a (labeled 

by10) and b (labeled by 13) in Hasse Diagram (Fig. 2). 

Table2. Fuzzy context with threshold 0.3 from [12]               

 Price  Surface 

ix  1C  2C  3C   
4C  5C  

1x  — 0.5 0.4  0.5 0.5 

2x  0.3 0.6 —  — 0.6 

3x  0.7 — —  0.7 — 

4x  — 0.4 0.5  — 0.8 

5x  — 0.4 0.4  0.6 — 

6x  0.5 0.3 —  0.5 0.5 

Figure2. Hasse Diagram of the Tab.2 
 

2 6 1 2 5a = ({0.3 / x ,0.3 / x },{C ,C ,C }) , 1 6 2 4 5b = ({0.5 / x ,0.3 / x },{C ,C ,C })  , 1 2 5{ , , }a C C C∧ = , 

2 4 5{ , , }b C C C∧ = , 2 6{0.3 / ,0.3 / }a x x∨ = , 1 6{0.5 / ,0.3 / }b x x∨ = , 2 5( ) { , }a b C C∧∨ = , 

6( ) {0.3 / }a b x∨ ∨∩ = . 

The value of β , γ  and ω  are fixed to be 0.5, which means that the assessment of similarity is 

symmetrical. 

1 0.3 2
( , ) 0.5476

2 0.3 0.3*0.5 0.5*0.5 2 0.5*1 0.5*1
FS a b∧  = + = + + + + 

. 
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In ontology mapping, let the similarity threshold be 0.54, then a and b can be mapped into each 

other. One can obtain mappings with different precision by adjusting threshold, and can get consider 

different importance of different particular attributes (objects) to the similarity model. 

Conclusion 

In this paper, a new similarity measure based on lattice structural information is established. The 

proposed method preserves more structural information of the source ontologies in ontology mapping, 

which is another extension and development of de Souza and Davis’s similarity model in fuzzy 

context. 
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Abstract. The dialectical relationship between disaster emergency logistics (DEL) resources and 

DEL needs shows that DEL tasks are rooted in DEL needs, and the implementations of DEL tasks are 

limited by DEL resources. What’s more, the DEL resources shortage and the implementation of the 

DEL tasks directly affect the DEL needs. But how to reconcile the shortage of DEL resources and 

wide DEL needs will be very important, so a mathematical method for DEL contradiction is 

developed in this study. The aim is to coordinate logistics support for relief operations. The variety 

and extension of DEL needs can match the shortage of DEL resources. The urgency-attribute vector is 

made to represent the urgency degree of logistics task, and logistics task urgency order sequence can 

be got through the AHP based on logistics expert judging ability difference and fuzzy comprehensive 

method. So resources can be allotted to the task with the sequence of high priority, and with the 

sequence updating, the re-releasing logistics can be allocated again. 

Introduction 

Natural or man-made emergency events, such as floods, volcanic eruptions, earthquakes, or 

chemical spills, negatively affect society and environment, from the Taiwan Chi-Chi earthquake to 

the Indian Ocean tsunami, from the Katrina hurricane to Wenchuan earthquake, from Bhopal gas leak 

to Chernobyl accident. Human vulnerability, exacerbated by the lack of planning or appropriate 

emergency management, leads to financial, environmental or human losses [1]. The strengthening of 

emergency management is an inevitable choice for the disaster relief. Especially DEL management, 

the key to support emergency disaster relief, ensures the delivery of humanitarian assistance including 

the acquisition of commodities, transport arrangement and inventory management, etc. The paper first 

redefines and analyzes DEL from its needs, tasks and resources, and then puts forward urgency vector 

to show the urgency degree of disaster relief mission. AHP and fuzzy ranking method are used to rank 

various relief missions, so as to accomplish priority selection of DEL task in a shortage of logistics 

resources, and to alleviate their contradictions. 

Fundamental analysis 

After disaster happens, logistics has significant differences with the passage of time. The logistical 

responses in a disaster may be divided into emergent phase and stable phase. In emergent phase, the 

top priorities for logistics are to save people's lives and property, to displace people, to relocate 

victims and find shelter for refugees, and this emergent abnormal logistics should be government-led 

and be widely recognized and supported by the community; in stable phase, the primary tasks for 

logistics are to meet the social needs in disaster area, to recover and reconstruct disaster area, and this 

normal logistics should be enterprise-oriented, guided by government, and also supported by the 

community. The paper focuses on the first phase of DEL. 

DEL is a series of DEL tasks the DEL providers implement to meet the DEL needs by using DEL 

resources. DEL providers include government departments, military units, enterprises, social 

organizations, groups, individuals, or even victims themselves. DEL providers, victims and the 
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Emergency Command Center is not only a general contingency logistics tasks, and users of logistics 

resources, or have emergency needs of the main logistics. Sustaining the lives of, victims surviving 

and emergency displacement property relief and people rescue personnel also produces logistics relief 

needs from their basic life need, their rescue act, etc.  The movements of persons are a source of DEL 

needs. Emergency Command Center brings logistics needs based on geographic information, weather 

forecasting, disease outbreaks, transportation, medical rescue and environmental pollution, and the 

early warning and monitoring information. 

DEL needs refers to the material requirements in space, time, and expense, related to 

transportation, inventory, packing, loading and unloading handling and the like within a certain time 

(such as gold 72 hours). And the needs are the interacting results of the socio-economic activities, 

suppliers and victims, are also the manifestation of inter-relationship of social economic development 

remedy. DEL need is derived, it is a derivative of the role of socio-economic activities in the disaster; 

it’s universal, with a wide range of disaster relief to overcome the barriers of time and space in the 

regular activities; it’s with diversity based on a various victims and rescuers; it’s with the timeliness 

and region under a emergency scope, and in the same space, similar needs and similar disaster 

regional characteristics happen. All are related with the disaster regional features [2]. 

DEL tasks are various relief logistics services provided by community, determined by DEL needs. 

Such services need to adapt to diversity, universality, timeliness and region nature of DEL needs. 

These characteristics ensure that DEL tasks can be divided and combined. A logistics task randomly 

generated, if large, can be divided into a small one, and if small, can be combined into a large one. The 

granularity of DEL task decomposition or combination must have a relative independence of each 

other, and should not overlap, or overlap as little as possible to reflect the division of logistics task 

labor and its differential advantage; at the same time granularity should also match core functions and 

business units of actors in disaster. Excessively detailed decomposition results in the complexity of 

the problem, and is not helpful to the allocation of resources and actor choice in disaster, but also is to 

bring the complexity of management coordination; On the contrary, excessively large combination, 

can not reflect the personalization of logistics need and the competitive advantage of actors in specific 

emergency areas. According to DEL need and relief logistics resource, a task can be decomposed into 

different horizontal or vertical segments. Such a wide range of DEL tasks are created with relative 

independence and fit granularity. 

To complete DEL tasks, actors must have relief logistics resources, including storage resources, 

transportation resources, equipment and all the logistics devices and facilities used for relief logistics 

activities. The narrow definition of logistics resources does not include human resources, which can 

be reflected in actors in disaster. The DEL resources have a shortage according to the DEL needs, and 

can not meet the need timely and efficiently. As is the case in the Wenchuan earthquake, the traffic 

disruption, road twisted, broken plumbing, air shut down, together with the interruption of 

communication, bad weather, caused the shortage of DEL resources. The shortage, sometime to some 

extent, the scarcity of DEL resources, roots in the economic scarcity of social resources, and 

exacerbated by the lack of appropriate DEL management and poor logistics infrastructure. The 

shortage also reflects the scarcity of social resources and the non-scarcity of disasters [2]. 

Thus, the relations between DEL needs, resources and actors are dialectical and interactive: the 

task derives from need; the task implementation is limited resources; the shortage of resource and the 

task implementing both influences the fulfillment of needs. So all the logistics tasks can not be 

completed, we must weigh the pros and cons and make a choice. We select those tasks that can save 

more lives and property. The urgent vector can be made to show the emergency degree of tasks. We 

can choose to complete the first row in the sequence of tasks, so that the logistics resources can be 

used effectively to alleviate the disaster. What’s more, the urgent vector can also be used to show the 

disaster degree and the capacity of logistics resources. it will be useful and key to disaster strategic 

management. 
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Urgency degree vector 

Sheu (2007) groups the affected areas using fuzzy-clustering techniques in which each affected 

area is characterized with multiple attributes to indicate the degree of relief demand [3] .Considering 

the existence of qualitative and quantitative attributes exhibited in characterizing the urgency of relief 

demands in the affected areas, four urgency attributes, used as the determinants of the grouping 

affected areas are specified. The degree of logistics relief urgency and disaster can show the urgency 

degree of logistics relief tasks, in which the logistics relief urgency can be shown by the time lead; and 

the disaster can be reflected by the logistics infrastructure, casualty number or casualty ratio, the 

number of the helpless and the destroying degree. 

(1) Time lead
1

tU
, represents the period of time between the initiation of any process of production 

and the completion of that process. Thus the lead time associated with the production of DEL task to 

the completion of the task may be anywhere from 1 hour to 1 week. The longer the lead time is, the 

more urgent the task is. 

 (2) Infrastructure 2

tU , represents the situation of logistics facilities, such as roads, airport and rail, 

inventory and so on. The poorer the infrastructure is, the more the more urgent the task is. 

 (3) Casualty number 3

tU , represents the ratio of, or the number of casualties observed relative to 

the total number of population trapped in a given affected area where the logistics task can cover. In 

general, a higher casualty ratio associated with the task may indicate higher urgency of the task. 

 (4) Helpless number 4

tU , represents the proportion of the helpless group including children and the 

elders relative to the total number of population trapped in a given affected area where the logistics 

task can cover. According to Shiono and Krimgold (1989), the survival probability of trapped victims 

in the disasters may decrease with time, depending on their physical conditions and severity of 

injuries. Therein, children and the elders can be regarded as the two most powerless groups who may 

need relief and rescue most urgently. Therefore, the corresponding proportion is taken into account in 

determining the emergency task priority. [4] 

(5) Damage condition 5

tU , refers to the significance of building damage conditions, such as serious 

or complete destruction measured in a given time where the task covers In general, the damage 

conditions of the building may reflect the severity of the disaster effects on the survival probabilities 

of the trapped people. Accordingly, a relatively greater degree of building damage conditions may 

indicate a higher urgency of relief task. 

Accordingly, we then have a 5 × 1 urgency-attribute vector associated with each given logistics 

tasks: ( )T5

t

4

t

3

t

2

t

1

tt UUUUUU ，，，，= . Correspondingly, up to this stage, each given affected area 

can be represented by a multi-attribute datum characterized with a 4 × 1 urgency-attribute vector.  

Urgency degree rating 

Using the specified urgency-attribute vector, a fuzzy clustering-based algorithm is then employed 

to perform the function of affected-area grouping. The proposed algorithm is primarily composed of 

three sequential procedures including: (1) binary transformation, (2) generation of fuzzy correlation 

matrix, and (3) clustering. The fundamentals of these procedures are described in the following. 

First, analytic Hierarchy Process （AHP） method can be used to weigh the influence of each factor 

in the urgent vector, and then fuzzy comprehensive method can be used to rank the priority of DEL 

tasks. We can evaluate the urgency degrees step by the following steps: To build the decision 

hierarchy; to consult experts; to calculate criteria weight; to rating the alternatives. We corporate 

related methods in each method. In the experts consultant step, On the basis of judging ability of 

experts, YanXi LI; Zhi TAO (2002) gave a value of judging ability, and then through a method of 

proper mathematical disposal, obtained the best judging matrix. If it doesn’t fit the precision 

requirement, it will be returned and evaluated again by experts. [5] 
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Step1: to build the decision hierarchy 

M (DEL experts) (Ek, k = 1, 2...m) participate in constructing judging matrix. The goal is the 

urgency degree of DEL tasks, and the criteria elements are the five urgency vector attributes.  

Step2: to consult experts 

We invite 25 experts from different fields, such as industries, universities, research institute, and 

government. There are many ways to get the comparison matrix results from experts. The Delphi 

method is usually applied. The Delphi method aims to obtain the consensus of experts by using a 

questionnaire survey. This survey method allows experts to express their opinion freely and privately. 

Step3: to calculate criteria weight 

(1) Get pair-wise comparison matrix kA ( ( )
5m

)(

×
= k

ijk aA , k is the number of experts; 5 means the 

number of vector attributes) from each expert. The matrix is constructed by using a scale of relative 

importance. (2)Use eigenvector to calculate each comparison matrix weight. kA W = )(

max

kλ W, the 

eigenvector is denoted as w k is the number of experts. (3) Check the consistency of each comparison 

matrix. Judging ability is different, and the consistency index )(

max

kλ is calculated as 

follows:
4

5)(

max)( −
=

k
kCI

λ
 (k=1, 2… m), k is the number of experts. Obtain expert judging ability 

weight. Expert judging ability is inversely proportional to )(kCI , because the value of )(kCI  may be 

sequential, so on the condition that one appropriate decreasing continuous function f( x ) may be 

chosen to regard as the relation function of between 
)(kCI  and Rk. Rk  can be determined by  

)(kCI  .We define f( x) = xe )1m(10 −−  Rk= 

)()1m(10 kCIe −−
Normalize Rk,    Rk= 

∑
=

−−

−−

m

1

)1m(10

)1m(10

)(

)(

L

CI

CI

k

k

e

e

If 

one 
)(kCI  is poor, the expert judging ability is poor. Then the Rk is smaller, and in the composite 

decision-making, he affects less; and vice versa. (4) Use Rk to combine group judgments. Combine each 

judging matrix Ak and get the group judgment matrix kA^ . (5) Obtain composite criteria weight. 

The composite weights are obtained by multiplying the relative normalized weight of each factor 

with its corresponding normalized weight value for each alternative and making summation over all 

factors for each alternative. 

Step 4: to rate the alternatives 

The composite weights are obtained by multiplying the relative normalized weight of each factor 

with its corresponding normalized weight value for each alternative and making summation over all 

the factors for each alternative. At last but not least, we must comply with the allocation principles: 

(1) Integrate DEL resources. Logistics resources in a scattered, chaotic state must be first integrated, 

to be allocated and utilized effectively. (2)Higher in sequence the task is, allocation is in earlier 

priority; lower the task is, allocation is later in priority. Logistics resources can play the greatest social 

value. (3)With the same level in sequence, the tasks are assigned in priority, in accordance with the 

logic between the tasks was assigned the same priority. (4)Once the task is completed, the task should 

be deleted, and release logistics resources for reallocation. (5)Randomly new tasks are generated, 

reorder the sequence, and then follow the 2
nd

 principle. (6)With the completion of the task, sequence 

should be gradually reduced until till the end.  

DEL resource needs and tasks should be updated and fluctuate with the changes of disaster, so that 

the sequence of tasks varies in length. 
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Case analysis 

25 experts participate in the decision-making of the four emergency tasks (T1, T2, T3, T4) rank. 

(1)First of all six well-known experts selected in 25 (Ek, k = 1, 2... 6) participate in the construct 

the judging matrix and get each pair-wise comparison matrix Ak for the urgency vector elements,  

(2) And then the eigenvector and max Eigen value can be got by using MATLAB. The normalized 

Rk is 
1,2,...,6) k  (  048545]0.00072341 3219450.00000905  1123110.00172070

 1830290.00000002 2594170.41885037 4074753[0.5786964 

=
 

(3)Composite judging matrix kA^ is got, and its max Eigen value and consistency are 

following: 2871305.39465182max =λ ; 5717820.09866295=CI ; 0.1 748050.04091924 <=CR . The 

eigenvector is as following: [0.67397086547223 0.18752745433995 0.27534271812042 

0.20310906047124 0.62731955453018]; normalized weights of urgency vector are [0.342592 

0.095324 0.139962 0.103244 0.318878] (Hold 6 digits after the decimal point). 

(4) 25 experts judge the first task with the Fuzzy comprehensive evaluation: membership 

matrix 45)( ×= ijrR
; urgency vector 51)( ×= iwW

; Rank vector 41)( ×= jdD
. Comprehensive 

membership vector S=W•R. To sum up, TDS •=µ , and the score of T1 is 80.042521(table 1); also, 

T2’s is 85.153062, T3’s is 78.849009, and T4’s is 65.736531. And the sequence of tasks is: 

T2>T1>T3>T4. 

Table1: Fuzzy comprehensive evaluation of T1 

1

tU

2

tU

3

tU

4

tU

5

tU

 

Summary 

From the prospective of DEL needs, tasks and resources, the paper redefines the DEL concept, and 

analyses the dialectical relationships between them. A new method is made to solve the contradiction 

in the shortage of DEL resources and the variety and extension of DEL needs. The urgency-attribute 

vector is made to represent the urgency degree of logistics task, and logistics task urgency order 

sequence can be got through the AHP based on logistics expert judging ability difference and fuzzy 

comprehensive method. So resources can be allotted to the task with the sequence of high priority, and 

with the sequence updating, the re-releasing logistics can be allocated again. 
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Abstract. According to the principle of muscular hydrostats, a flexible biomimetic octopus arm is put 

forward firstly. The method of vector control for the flexible biomimetic octopus arm is presented and 

analysed in detail. Based on the combination of ARM (advanced RISC microprocessor) and FPGA 

(Field Programmable Gate Arry), a control system for the flexibie biomiometic octopus arm is 

discussed, and the functions of every components is analysed. To verify the feasibility and reliability 

of the method of vector control, experimets are carried out. The experimemtal results demonstrate 

that this method applied in the control of the biomimetic octopus arm has a good performance. 

Introduction 

Flexible robots have been applied in unstructured and highly congested environments more and more, 

for they can exhibit complex movement with soft structures devoid of rigid components [1-3]. While, 

the control of these flexible robots is hard due to their soft structures. In this paper, a method of vector 

control for a flexible biomimetic octopus arm is put forward to solve the problem of orientation of the 

arm in space. Moreover, because the structure of the arm is similar to a kind of flexible robots[4-5], 

whose drivers is equally distributed in space, this method of vector control can be applied in these 

flexible robots. Hardware implementation for this method of control is also presented, the advantages 

of which is high-speed and low-cost. Finally, experiments of basic bending and rotation are carried 

out to verify the validity of this method. 

Structure of the Flexible Biomimetic Octopus Arm 

Inspired by the structure of octopus arm and bending function, the structure of the biomimetic arm 

unit is proposed (figure 1-a), which consist of a silicone body, two gaskets, three groups of SMA 

actuators and three radiators. The SMA actuators are embedded equally distributed in the silicone 

body along the longitudinal direction. In order to protect top gasket from overheating, radiator are 

fixed between SMA wires and top gasket, as is shown in figure 1 and in figure 1-b. If arm units 

connect in series, a flexible biomimetic octopus arm will be got (figure 1-c). 

 

b. Arm unit 

c. Two-link structure 

SMA actuators 

top gasket 

radiators 

bottom gasket 

conducting wires 

sil icone body 

a. Unit structure  
Fig.1 The  biomimetic octopus arm prototype 
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SMA wire will contract when it is heated to by electric current or other methods, simultaneously, 

generate force. Its function is similar to the longitudinal muscle fibers of the octopus arm. This is the 

first necessary condition to flexible bending. Silicon is incompressible, whose volume is hardly 

changed by external force. So when one side of silicon is contracted, it will resist deformation, whose 

function is similar to the resistance muscle. The force generated by the side of the silicon contracted is 

the second necessary condition to flexible bending. 

The Method of Vector Control 

The vector control of the arm unit, in fact, is the control of the orientation angle β, which is generated 

by two groups of SMA actuators work in synchronism and the bending angle θ (figure 2). When these 

two parameters are determined, the spatial location of the arm unit is fixed. The orientation angle β is 

related to vector synthesis, so it can be changed by changing the proportion of  t1 and t2, as is shown in 

figure 2. 

β  

o 
y 

x 

θ  
z 

 

t1 

t2 

A

C

B

β

t1 t2 

r 

 
Fig.2 The meanings of parameters 

When the required orientation is 0o, 120o or 240o, actuator A, B or C. In addition, the other required 

orientation angles need to be edtimated in which quadrant they are, then two groups of SMA actuators 

on boundaries of this quadrant work in synchronism, which can achieve the aim of vector control. In 

detail, firstly, the orientation angle determines the quadrant and actuators, secondly, referenced pulse 

width should be fixed according to bending angle, finally, pulse width of each actuator which is 

corresponding to each orientation angle is calculated. As SMA actuators are driven by PWM, pulse 

width is regarded as the controlling parameter when the voltage is fixed. The required orientation 

angle is β, γ , t1 and t2 are the pulse width corresponding to each actuator , r is referenced pulse width. 

Further more, referenced pulse width  r is corresponding to bending angle θ, so  r influences the size 

of  t1 and t2. Orientation angle β influences the proportion of  t1 and  t2. 

According to the mathematical relationship, as shows in figure 5, we can get the model of vector 

control as follows: 
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Solve the abvoe equations regarding t1  and t2  as unknown numbers: 

θθ cossin
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2 ××= rt                                                                                                                    (5) 
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Hardware Implementation 

We implement algorithm for the method of vector control in an ARM (advanced RISC 

microprocessor) to achieve cost-effectiveness. An FPGA chip is designed for embedded-PWM 

controllers, by using a very high speed integrated circuit hardware description language (VHDL). 

Combining an FPGA chip and an ARM forms the low-cost intelligent controller. Using the high 

capacity of an FPGA chip, the additional hardware such as an encoder counter and a 

pulse-width-modulation (PWM) generator, can also be embedded into a single FPGA chip.  

Datum of FPGA come from the bus of external memory of ARM, so the interface of FPGA and 

ARM should comply with time sequence. According to time sequence, when the signal of chip enable 

and the signal of write enable are low at the same time, the datum from address bus are translated into 

the signals of chip selection for PWM generator by the encoder counter embedded in FPGA. The 

selected PWM register gets the pulse width from the data bus (figure 3).Figure 3 shows a real figure of 

the embedded controller, consisting of an ARM, an FPGA, and drivers. 

 

 

FPGA

EP2C8Q208

DATA[15:0]

WE

CE

ADDR[4:0]

PWM1

PWM3

PWM2

PWMn

ARM

STM32 103VB 

 

ARM 

Drivers 

FPGA 

 
 

Fig.3 Interface between ARM and FPGA and Hardware implementation 

Experimental Results 

Basic Experiment of the Method of Vector Control. Vector control method show good accuracy 

,as is shown in figure 4. Maximum error of control accuracy is 10%, The bending angles ,whose 

maximum error of control accuracy is 10% ,is far from 0°, 60° and 120°. The other three quadrant 

have the similar results. 

 

 

 

 150 

 

100 

 

50 

 

0 

0    20    40    60    80    100   120    

Practical  Curve 

Expected  Curve 

 

Expected angle(degree) 
  

Fig.4 Experiment of vector control 

Vector Control of Rotation. On the basis of the method of vector control, the arm unit can 

rotate(figure 5) by controlling the width of the pulse. In the experiment of rotation, a fixed 30% pulse 

is applied on one of the three groups of SMA actuators firstly, and a changable pulse is applied on  

another group of SMA actuators, whose width change from 0 to 90% in sequence. From the 
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experimental results, a small error exit between expected results and practical results, which is 

relative to the speed of the change of the width of the pulse which stimulate the driver and the 

environmental factors. 

 

 

 

 

  

 

  

Fig.5 Experiment of rotation 

Summary 

A method of vector control for a flexible biomimetic octopus arm is presented, and the hardware 

implementation is also discussed. Based on the hardware, experimental results demonstrate the 

feasibility of the control method. Moreover, this metho of vector control can be used in the flexible 

robot, whose structure is similar to the arm unit by making some changes in future. 
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Abstract: 

Conical shells are often joined to cylindrical shells and under internal pressure, the intersection 

between the large end of a cone and a cylinder is subjected to a large circumferential compressive 

stresses which can lead to its failure by whether axi-symmetric gross plastic deformation involving 

excessive inward deformations or non-symmetric buckling which accompanies by circumferential 

waves around the intersection. In Pressure Vessel Design by Analysis, the designer is required to 

address both these behavior modes when specifying the allowable static load. In this paper, plastic 

collapse or gross plastic deformation load is evaluated for a typical pressure vessel with conical 

head using plastic work curvature criterion and the results are compared with other criteria 

suggested by international standards such as ASME. The plastic work curvature criterion is based 

on the plastic work dissipated in the structure as loading progresses and may be used for structures 

subject to a single load or a combination of multiple loads. The results of analyzing using this new 

criterion show that the plastic collapse load given by the plastic work curvature criterion is robust 

and consistent and is in the close agreement with the results from international codes. The most 

significant aspect of the proposed method in which plastic work curvature criterion has been used is 

that the plastic collapse loads are determined purely by the inelastic response of the structure and 

therefore they are not influenced by the initial elastic response: a problem with some other 

established plastic criteria. The results also show that the design load is mostly limited by the 

formation of an axi-symmetric gross plastic deformation in the intersection of the vessel prior to the 

formation of non-symmetric buckling modes.  

 

1-Introduction 

 

In the process of designing pressure vessels, it is important to consider all possible failure modes of 

a special structure. Metallic pressure vessel components such as dished ends show different modes 

of failure depending upon the geometrical and loading conditions. These are mainly gross plastic 

deformation (GPD) under static load, instability (Buckling), fatigue crack initiation at highly 

stressed locations under cyclic loading, time dependant material behavior at high temperature 

(Creep), progressive plastic deformation (Ratcheting) and so forth. In the majority of the practical 

cases, GPD under static loading is the fundamental failure mode that has been widely focused by 

international standards such as PD5500 unfired fusion welded pressure vessels [1], ASME boiler 

and pressure vessel code, section III and IV [2] and EN13445-3: unfired pressure vessels [3]. GPD 

occurs when a vessel (of ductile material) experiences excessive static load. Unless the load is 

limited, this excessive load ultimately leads to plastic collapse or rupture of the vessel. 

According to the international design codes, two distinct stress analysis may be used in order to 

prevent GPD failure mechanism: elastic analysis and inelastic analysis. The elastic analysis has the 

advantage that it is a straightforward method but the complicated part of the procedure is relating 

the elastic stresses to the inelastic GPD failure mechanism.  
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The inelastic analysis contains post yield stress redistribution and the formation of the GPD 

mechanism. In the case of performing an inelastic analysis, the GPD load is defined directly from 

the simulated structural response. The inelastic analysis has the advantage that the results are 

obtained directly from the structural response and it does not need any stress categorization. 

The inelastic analysis may be performed in two distinct styles to characterize the structural 

response: Limit analysis and Plastic analysis. In the Limit analysis, the material model is defined as 

elastic-perfectly plastic or rigid-perfectly plastic and the small deformation theory is applied. In this 

procedure, the load carrying capacity of the structure is limited by equilibrium considerations. 

Although this style is easily applicable, but it may be very conservative due to the fact that the real 

structures may show geometrical nonlinearities or may exhibit post-yield strain hardening material 

model. In order to simulate the real behavior of a structure, the plastic analysis is applied which 

covers the geometrical and material nonlinearity. Material nonlinearity is modeled as bilinear strain-

hardening model. Geometrical nonlinearity or large deformation effect may enhance or diminish the 

load carrying capacity of the vessel. For example, geometrical nonlinearity can strengthen the cone-

cylinder intersection of steel vessels, as the shell is dominated by tensile membrane stresses except 

at the intersection [4]. In this case the load-deflection curve keeps rising by increasing deformation, 

and therefore, the definition of failure has to be artificial and has to be based on limiting 

displacements or stiffness losses. Some of these definitions have been adopted in Gerdeen [5].  

In this paper, the plastic behavior of a typical conical-head vessel has been analyzed using four 

different methods and also a new proposed one which is based on the plastic work curvature 

criterion. The results have been compared to verify the accuracy of this new method.  

          Plastic work curvature criterion: The plastic work curvature (PWC) criterion is based on 

the relationship between the plastic work's dissipation in the vessel and elastic strain energy using a 

characteristic curve shown in Fig. 1. 

 

 
a: Plastic work curvature 

 

 

 

 

 
b: circumradius evaluation of curvaure 

Fig. 1 Plastic work curvature criterion and circumradius evaluation of curvature [6] 

 

The PWC criterion applies a geometric construction to define the GPD load. According to Li and 

Mackenzie [6], the curvature of the characteristic load-plastic work curve is used to define the GPD 

load, as illustrated in Fig. 1a. In the plot, the PWC is normalized with respect to the maximum value 

of PWC calculated in the analysis. In the elastic region, the curvature is zero indicating zero plastic 

deformation. Post yield, plastic stress redistribution occurs and the plastic work curvature (PWC) 

increases to a maximum as the plastic deformation mechanism develops. The maximum stress 

redistribution occurs at the load corresponding to the maximum PWC, where after it begins to 

decrease as the plastic deformation mechanism is established. When the PWC reaches a minimum 

constant or zero value, relatively little or no further plastic stress redistribution occurs in the vessel 
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unless a second plastic deformation mechanism is initiated in a formerly elastic region. At this 

stage, the structure exhibits constant or gross plastic deformation with increased loading and the 

corresponding load is therefore designated as the plastic load.   

The load-PWC plot may be created from the numerical results of a FE analysis and plotted against 

applied pressure using a simple technique based on the circumradius of three points [7]. The plastic 

work corresponding to the applied load is calculated by the FE program for each load step. Then, 

the results are written to a data file as a series of load-plastic work points. The curvature of a sector 

of curve defined by three consecutive points is the inverse of the circumradius of the three points. 

Eq. 1 gives the circumradius R of a triangle with side lengths of a , b  and c , shown in Fig. 1b. 
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     2

cba
s

++
=  

(2) 

  

 

2-Model description  

 

The application of PW and PWC criteria in evaluating the GPD load of a thin torispherical heads 

has been discussed by Mackenzie et all. [6, 8]. Furthermore, the GPD and buckling loads of thin 

wall conical heads has been thoroughly investigated by Teng et all [9,10]. In this paper we intend to 

investigate the plastic load of a conical vessel under internal pressure using the PWC plastic 

criterion. The geometry of the model has been defined in Fig. 2 and more details are given in Table 

1.  For the intersection of the large end of a cone and a cylinder, internal pressurization cause large 

circumferential compressive stresses in the intersection (Fig. 3). Due to this compressive hoop 

stresses, the intersection may undergo a failure in the form of axi-symmetric collapse involving 

excessive inward axi-symmetric deformations or non-symmetric buckling causing periodical waves 

around the circumference. Therefore, according to the possibility of buckling failure mechanism, it 

is necessary to model the structure in 3D. 

 

Table 1: Geometrical Properties of the model 

Symbol Definition Quantity 

α cone apex half angle 

[degree] 
63.43 

t1 thickness of the conical 

head [mm] 
5 

t2 thickness of the cylinder 

[mm] 
5 

R radius of the cylinder [mm] 500 

L length of the cylinder [mm] 488 
 

 
Fig. 2 Pressure vessel with conical head 
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Fig. 3: Distribution of circumferential membrane stress in the vessel under internal pressure [11]  

 

A FEA has been performed using the ANSYS program [12]. The 3D model has been developed 

using ANSYS 8-noded structural solid elements. The mesh of the model consisted of 23400 

elements having 2 elements through thickness and is refined at the region next to the intersection, 

because, this region is likely to undergo the buckling failure mechanism. In order to model the 

evolution of the buckling deformation, the model was analyzed with 3D ANSYS 8-noded shell93 

elements. The mesh of the 3D model consisted of 12312 elements. For the GPD analysis, 

displacements of the nodes in the far part of the cylinder are restricted in all the directions except 

radial direction. The end boundary conditions of the cylindrical shell in the buckling analysis, were 

defined to represent continuity in the shell (free for radial displacement and restrained against 

meridional rotation and axial and circumferential displacement). The length of the cylinder (L) is 

assumed to be λ4  (where λ is the linear elastic meridional half-wavelength and it is equal 

to Rt44.2 ) to ensure that the boundary effects at the far end of the cylinder would not affect the 

behavior near the cone-to-cylinder joint [13]. In addition, a bilinear hardening material model was 

used in the analysis with material properties elastic modulus 
2/5.198 mmkNE = , yield stress 

2/265 mmNy =σ  , Poisson’s ratio 294.0=ν  and plastic modulus EE p 014.0= . 

 

3-Results 

 

     Plastic analysis: In the plastic analysis, as it was mentioned, the large deformation theory was 

applied and the bilinear hardening material model was considered as well. In addition, the 3D 

models were used to simulate the structural behavior.   

     Plastic analysis: TES and TI criteria: When applying the TES and TI criteria, it is necessary to 

specify a deformation parameter at a point on the vessel. Conical heads experience membrane 

deformation in the crown and cylindrical region and plastic hinge deformation in the intersection 

and the choice of location of deformation parameter should be made according to which region first 

experiences GPD. Three normal displacement parameters at the crown, intersection and cylinder 

were considered. In this case, the maximum applied pressure has been 1 MPa. The corresponding 

structural responses using TES and TI criteria have been illustrated in Fig. 4 and Fig. 5 respectively 

and the calculated plastic loads for the model have been given in Table 2. 

According to Table 2, TES criterion suggests that the intersection region first experiences GPD and 

the corresponding plastic load is 0.8 MPa. TI criterion, on the other hand, points out that the crown 

region is as critical as the intersection region and predicts the plastic load to be 0.71 MPa. Both 

criteria, similarly, suggest that the cylindrical part does not experience GPD at all (because the lines 

do not intersect each other). 
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Fig. 4: TES criterion: Load Factor-Deformation 

 
Fig. 5: TI criterion: Load Factor-Deformation 

 
Table 2: Plastic loads based on TES and TI criteria [MPa] 

 TES criterion TI criterion 

Plastic load (crown) 0.82  0.71  

Plastic load (intersection) 0.8  0.72  

 

     Plastic analysis: PW criterion: The PW criterion, however, does not need any load or 

deformation parameter. In this analysis, the maximum applied pressure for the vessel has been 0.86 

MPa. In this method, the variation of the Load Factor with Plastic Work has been obtained. When 

the Load Factor approches 0.5, the material yielding initiates and with further increase in the Load 

Factor, the plastic regions develop. When the structural response becomes steady (Fig. 6), the 

unlimited plastic flow establishes in the vessel. Therefore, the plastic load according to the PW 

crirerion, is 0.71 MPa. 

Plastic analysis: PWC criterion: Similar to the PW criterion, the PWC criterion does not require 

any load or deformation parameter. In order to apply the PWC criterion, the accumulative plastic 

work for every substep obtained from ANSYS software has been saved and have been used as input 

data for a computer code developed in MATLAB software [14]. Using this code, the PWC of the 

vessel has been calculated.  and the results are shown in Fig. 7. In this analysis the maximum 

applied pressure has been 0.86 MPa. According to Fig. 7, when the Load Factor is less than 0.37, 

the deformation of the vessel is completely elastic; by further increse in the pressre, the plastic 

regions initiate. In Fig. 7, every peak in the curve corresponds to the initiation of a new plastic 

region. The unlimited plastic flow develops in the vessel when the plastic-work-curvature reaches 

its almost steady or constant value of 0.2 at 91.0 =FactorLoad
 
and as a result, the structure does 

not bear any further pressure. 

 

 
Fig. 6: Plastic analysis-PW criterion: Load Factor-Plastic 

Work  

 
Fig. 7: Plastic analysis-PWC criterion: Plastic Work 

Curvature-Load Factor 

 

     Limit analysis: In contrast to the plastic analysis, in the limit analysis, the material of the vessel 

is assumed to be elastic-perfectly plastic and the small deformation theory is applied. In this 

analysis, normal displacement at the intersection region is considered as the deformation parameter. 

For this model, the maximum applied pressure has been 0.8 MPa and according to the results, in the 

limit Load Factor, the structural response approches a steady value and this, illustrates that the 
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vessel has reached its limit load. Therefore, the calculated limit load for this vessel based on limit 

Analysis method is MPaP 54.0loadlimit = .  

     Buckling analysis: In conical vessels, owing to the internal pressure, the compressive hoop 

stresses arise in the intersection region and theses stresses may lead to the buckling of the vessel. In 

order to evaluate the dominant failure mechanism of the vessel, the buckling analysis has been 

carried out with the ANSYS software. According to Teng [13] when the structural response of the 

similar adjacent nodes in the intersection part of the vessel starts to diverge from each other, the 

buckling mode establishes in the vessel and the corresponding pressure is regarded as the buckling 

pressure. For this model, the calculated buckling pressure is 1.1 MPa. The plastic strain distribution 

prior to instability is shown in Fig. 8. 

  

 
Fig. 8: Equivalent plastic strain distribution at numerical instability 

pressure 

Table 3: Calculated failure loads for the 

conical vessel [MPa]  

 

Plastic criterion Plastic Load 

Limit Analysis 0.55 

TI criterion 0.71 

TES criterion 0.8 

PW criterion 0.71 

PWC criterion 0.78 

Instability Load 1.1 
 

 

It can be seen in Fig. 8 that although the major portion of  the vessel has remained elastic, the 

comperessive sresses in the intersection region has made the vessel to buckle.  

In Table 3, the calculated plastic loads from different plasatic criteria and the corresponding 

numerical instability load have been summorised.  

According to Table 3, the Limit analysis suggests the minimum plastic load and in contrast, the TES 

criterion predicts the maximum plastic load among the other plastic criteria. The GPD load 

predicted by the PWC criterion is slightly lower than the Plastic Load given by TES. The 

comparison of the limit and plastic analysises, shows that including non-linear aspects of geometry 

significantly affects the simulated response and the results of the analysis. This table also shows that 

buckling pressure is 1.1MPa which is greatly in excess of the limit load, indicating that the 

geometric strengthening occures when large deformation effects are considered. When the load is 

increased beyond the GPD pressure, the plastic deformation in the intersection becomes non-

axisymmetric as local buckling occurs around the head. In addition, according to the Table 3, the 

GPD mechanism forms in the intersection region prior to circumferential buckling deformation.  

 

4-Discussion and conclusion:  
 

In this paper, in addition to the PWC criterion, the TES, TI, and PW criteria have been used to not 

only investigate the gross plastic deformation mechanism, but also to define the plastic limit loads 

for a typical conical-head vessel. The plastic load calculated using the TES or TI criterion depend 

on the location of the deformation parameter. Three deformation parameters were considered: 

normal displacement in the crown, intersection and cylinder regions of the vessel. The intersection 

parameter was found to give the most conservative value of plastic pressure. All methods, except 

TI, show that the intersection deformation parameter is more critical. Furthermore, the PW and 

PWC criteria indicated that GPD failure mechanism occurred in the intersection region of the vessel 
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prior to the formation of non-symmetric buckling and gross plastic membrane deformation of the 

crown or shell. This indicates that the use of the intersection deformation parameter is appropriate 

in the TES criterion. 

In addition, it was shown that unlike the TES and TI criteria, in the PW and PWC criteria, the 

plastic loads were determined purely by the inelastic response of the structure, and were not 

influenced by the initial elastic response. This means that in the finite element analysis, the designer 

is allowed to omit the low stress regions from the model and represent them by suitable boundary 

conditions. The results, also, demonstrated that the PWC Pressure-Plastic Work plot would help the 

designer to identify the evolution of distinct plasticity mechanisms in different regions of the vessel 

under loading conditions.  

Comparing the results of the small and large deformation analysis of the conical vessels show that 

the thin pressure vessels usually experience geometric strengthening in the process of loading. As a 

result, in analyzing the thin pressure vessels, the application of the large deformation theory is 

necessary.  

In conclusion, the results show that the plastic pressure level obtained based on PWC criterion for 

the conical vessel, has a good agreement with the value obtained using ASME approved TES 

criterion.  
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Abstract. In this paper, based on the finite element program ANSYS, the model of a simply 

supported railway bridge with and without isolation using lead rubber bearing is established. Seismic 

response time-history analyses of the bridge subjected to high-level earthquakes are carried out 

considering and not considering train live loads. Through the comparison and analyses of the results, 

the effects of train live loads on seismic calculation of non-isolated railway bridges and isolated 

railway bridges are obtained. The results of the research will support the further study on seismic 

design and isolation design of simply supported railway bridges. 

Introduction 

As known, several terrible earthquakes happened in the past few years which had brought huge 

casualty and loss to the local people. Especially, more than 69,000 people lost their lives in the 

earthquake which shook Sichuan province of China on May 12th, 2008 and more than 11,000 people 

died in the earthquake which struck Concepcion of Chile on January 12th, 2010 with many injured If 

bridge, as an important part of the lifeline projects, is damaged in the earthquake, that will cause 

enormous social and economic loss. There were many spectacular failures of bridges happened in 

every major seismic event, which severely affected the efficiency of the rescue operation after 

earthquakes. In the earthquake happened in Sichuan province, several important railway bridges were 

destroyed which made it quite difficult to transport the disaster relief goods and materials to disaster 

regions. Thus, seismic calculations and analyses of railway bridge structures have attracted more and 

more attention, especially for the railway bridges located in earthquake areas. 

With the rapid development of modern railway engineering technology, train speed is increasing 

rapidly, while more and more railway bridges are built especially for high speed trains. At the same 

time, the possibilities of trains running on bridges during earthquakes are highly increased, for which 

the train live loads are becoming important parts in the seismic calculations of railway bridges.. 

According to the Chinese standard ‘Code for Design on Subsoil and Foundation or Railway Bridge 

and Culvert’ (2006) [1], train live load is not considered in seismic calculations for high-level 

earthquakes. With the increment of the possibility of trains running on bridges when earthquakes 

occur it is necessary to study the influence of train live loads on seismic calculations of railway 

bridges for high-level earthquakes. In this paper, the transverse seismic responses of a 32m simply 

supported railway bridge with and without isolation bearings subjected to high-level earthquakes are 

calculated based on FEA program ANSYS considering and not considering the transverse inertia 

forces induced by train live loads. Some meaningful results are acquired, which will support the 

further study on effects of train live loads on seismic design of railway bridges. 

Calculation Models 

A 32m simply supported railway bridge located in an earthquake area is taken as the example and the 

transverse vibrations of the bridge are mainly studied in this paper. 

© (2011) Trans Tech Publications, Switzerland
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Structure model of the railway bridge. The chosen railway bridge is a 32m T-shape section box 

girder bridge and the pier is a round-end variable section concrete pier. Single pier model is adopted in 

this study. In the single pier model, the superstructure of the bridge is simplified as a 520 tons lump 

mass and the pier is fixed on the ground. Two different lead rubber bearings are used as isolators. 

The FEA model of the bridge is established based on finite element program ANSYS. The 

superstructure is simulated by MASS21 element. The pier is modeled by BEAM3 element. In the 

model of isolated bridge, the lead rubber bearings (LRB) are simulated by nonlinear spring element 

COMBIN39. The sketch of the models without and with isolation is shown in Fig.1. 

                                        
Figure 1 Sketch of calculation models without and 

with isolation  

Figure 2 Sketch of bilinear model of LRB

Bilinear model of lead rubber bearing. As shown in Fig. 2 [2, 3, 4], yF represents the yield stress 

of the bearing and yd is the yield displacement of the bearing. uk is the initial stiffness as well as dk is 

the post-yield stiffness of the bearing. ud kk /=η is the harden ratio of the bearing. 

Two lead rubber bearings are considered in the research and the basic parameters of the bearings 

are given in Table 1. 

Table 1 Mechanical parameters of LRB 

Item 
Initial stiffness 

ku (10
7
N/m) 

Post-yield stiffness 

kb (10
7
N/m) 

Stiffness ratio η  
Yield force 

Fy (kN) 

LRB1 6.1 0.183 0.03  610 

LRB2 8.6 0.258 0.03  960 

    Train live loads. Two types of locomotive marshalling are considered in the research: 

Train live load 1: Domestic 25G train or similar type. The composition of SS8 locomotive + 12 

double deck passenger cars (SYZ25G) is adopted in this locomotive marshalling type. 

Train live load 2:  Domestic high speed train. CRH2 train is taken in this locomotive marshalling 

type. 

In calculation, 50% of the train weights are applied on the beam in the transverse direction of the 

bridge according to Code for Design on Subsoil and Foundation or Railway Bridge and Culvert 

(2006) [1]. The basic parameters of the trains mentioned above are given in Table 2 [5]. 

Table 2 Basic parameters of locomotives 

Train Type 
Total length 

(m) 

Constant distance 

(m) 

Wheel track 

(m) 

Axle load 

(kN) 

SS8+25G 
Locomotive 17.516 9.000 2.900 228.00 

Passenger car 26.570 18.500 2.400 152.68 

CRH2 
Locomotive 25.000 17.500 2.500 135.00 

Passenger car 25.000 17.500 2.500 120.00 

Seismic excitations. The railway bridge mentioned above locates in mountain areas where the site 

conditions are ‘Site Ⅱ’. Ten ground motion records obtained on ground of Site Ⅱ are chosen as the 

earthquake excitations and they are regulated corresponding to high-level earthquakes with the 

intensities of 8 degree. Ten different working conditions are defined based on the aforesaid ground 

motion records. Table 3 gives out the basic characteristics of the earthquake records. 
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Table 3 Basic characteristics of earthquake records 

Earthquake name Work condition Component Magnitude PGA(cm/s2) Date 

Santa Barbara 1 N45E 5.9 233.8 1941.6.30 

N.California 2 N98W 5.2 193.8 1949.3.9 

Kern County 3 S48E 7.7 128.6 1952.7.21 

San Fernando 4 N45E 5.3 45.9 1957.3.22 

Parkfield Califor. 5 N50E 5.6 232.6 1966.6.27 

San Fernando 6 N29E 6.4 96.7 1971.2.9 

San Fernando 7 S89W 6.4 154.1 1971.2.9 

San Fernando 8 N37E 6.4 195.6 1971.2.9 

Southern Califor. 9 N36W 6.0 52.9 1952.11.21 

Parkfield Califor. 10 N36W 5.6 14.2 1966.6.27 

 Results and analyses 

In this paper, pier vibration responses of the railway bridge with and without isolation considering and 

not considering train live loads in ten working conditions are calculated and compared. Maximum 

values of transverse shear forces at pier bottom of non-isolated bridge in ten working conditions are 

shown in Fig. 3. 

 

Figure 3 Maximum shear forces at pier bottom of non-isolated bridge  

with and without train live loads 

Fig.3 shows that the transverse shear forces of non-isolated bridge considering live loads are larger 

than those not considering live load. The max margin considering live load 1 is 41.46% in working 

condition 10 and when considering live load 2 the max margin is 27.17% in working condition 8. 

Maximum values of transverse shear forces at pier bottom of isolated bridges with bearing 1 and 

bearing 2 considering and not considering train live loads in ten working conditions are shown in Fig. 

4 and Fig. 5. 

             

Figure 4 Maximum shear forces at pier bottom of 

the bridge isolated by bearing 1 with and without 

train live loads 

Figure 5 Maximum shear forces at pier bottom  of the 

bridge isolated by bearing 2 with and without train 

live loads 
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It can be seen from Fig. 4 and Fig. 5 that shear forces at pier bottom of isolated bridge are very 

close considering or not considering train live loads. Especially when the bridge is isolated by bearing 

1 whose stiffness is small, the shear forces are almost the same considering or not considering live 

loads. When isolated by bearing 2, the max margin between considering live load 1 and not 

considering live load is 13.55% in working condition 6 and for live load 2, the max margin is 8.79% 

in working condition 6. 

Isolation ratios of bearing 1 and bearing 2 considering and not considering train live load in ten 

working conditions are shown in Fig. 6 and Fig. 7. 

            

Figure 6 Isolation ratio of bearing 1 in ten working 

conditions with and without train live loads 

Figure 7 Isolation ratio of bearing 2 in ten working 

conditions with and without train live loads 

It is shown in Fig. 6 and Fig. 7 that when considering live loads, isolation ratios of bearings are 

higher than those not considering live loads. For bearing 1, the max margin between isolation ratios is 

37.08% and for bearing 2 the max margin is 42.46%. It is because after considering train live loads, 

the shear forces of non-isolated bridges are much enhanced but those of isolated bridges are less 

changed. 

Apparently from Fig. 3 ~ Fig. 7, it can be seen that the inertia forces induced by train live loads 

have obvious effects on seismic responses calculation of non-isolated railway bridges, and the larger 

train live loads are, the more significant the effects become. For isolated railway bridges the effects of 

train live loads become much less, and the smaller the stiffness of isolated bridge is, the less the 

effects become. 

Conclusions 

In this paper, considering two types of locomotive marshalling and using two lead rubber bearings, 

the effects of train live loads on seismic responses calculation of a 32m simply supported railway 

bridge are studied. By comparing the calculation results of vibration responses in different working 

conditions it is found that the transverse shear forces of non-isolated bridge considering live loads are 

larger than those not considering live loads with the max margin up to 41.46% in ten different 

working conditions. For isolated bridge, shear forces at pier bottom are very close considering or not 

considering live loads.  

Obviously, train live loads have significant effects on seismic calculation of non-isolated railway 

bridges and small effects on seismic calculation of isolated railway bridges. For non-isolated bridge, 

the larger train live loads are, the greater the effects become and for isolated bridge, the smaller the 

stiffness of isolated bridge is, the smaller the effects become.  

Thus, for non-isolated railway bridges and the isolated railway bridges whose stiffnesses are big, 

train live loads should be considered in the seismic calculation when subjected to high-level 

earthquakes as well as low-level earthquakes and design earthquakes.  
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Abstract. Based on the finite element program SAP2000, 120 models of eight different piers with 

different lead-rubber bearings (LRB) are established. The seismic response analyses of piers isolated 

by LRB in axial direction of the bridge are carried out under the excitations of seven earthquake 

waves. The calculations of seismic responses of the piers with and without isolation are implemented 

by using dynamic time-history analysis method, and the comparison of the results is given out. 

Considering the isolation ratio of the moment at the bottom of pier as observation samples, the 

variances of the three LRB mechanical parameters are analyzed. Furthermore, the ability of the 

parameters of LRB to adjust the seismic response of different piers is discussed. The analysis results 

show that all the mechanical parameters of LRB have significant effect on the isolation ratio of the 

moment at the bottom of pier, and the parameters of LRB can adjust the seismic forces of the isolated 

piers whose height difference is less than 30 meters to be almost equal. This paper provides some 

valuable references for the further study of isolation design for railway bridges. 

Introduction 

Isolated bridge, designed with LRB, plays an effective role in the protection of itself during an 

earthquake [1, 2]. The seismic mitigation and isolation techniques have been applied in some railway 

bridge project in China. J.S. Zhuang and B. Wu have studied on mechanical characteristics of LRB 

and its application for seismic mitigation and isolation in bridge engineering [3]. D.S. Zhu has studied 

the influence of ductility and hardening ratio on isolation effectiveness. [4]. Professors G.P. Yan and 

T.Y. Zhong have studied on the performance of seismic mitigation and isolation for railway simple 

supported beam bridge by LRB [5]. Z.G. Zhang has focused on the performance of the vibration 

absorption and isolation of continuous beam railway bridge systematically by using the nonlinear 

model which considers the pier ductility of isolated bridge. However, the foundation stiffness was not 

discussed. Dr. F.L. Yang considered the soil-structure interaction and achieved some important 

conclusions [7]. However, there is no quantitative research about the significant influence of LRB on 

seismic responses and the adjustment ability of LRB on seismic force.  

In this paper, based on an actual bridge, a series of single pier models are established and then 

dynamic time-history analyses are carried out by using the finite element software SAP2000. The 

calculations of seismic responses of the piers with and without isolation are implemented, and the 

comparison of results is present. Depending on the experimental datas about the parameters of LRB, 

which were studied by China Academy of Railway Sciences, the value range of the three parameters is 

set:  hardening ratio η∈ (0.08, 0.5), initial shear stiffness K∈ (2.0E+7N/m, 1.0E+08N/m), and yield 

strength F∈ (1.0E+05N, 5.0E+05N). Also, the design of the bearing is based on the parameters which 

are selected with five different values from in the range above.  
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The calculation model and the selection of seismic waves 

In this paper, several piers of a railway simply supported beam bridge are taken as models for 

calculations. Those piers are poured by C30 concrete and they are hollow, cylindrical with variable 

variable cross-section. The heights of those piers are 30 meters, 35 meters, 38 meters, 42 meters, 45 

meters, 50 meters, 55 meters and 58 meters, respectively. The superstructure is 32 meters equal span 

beam, and weight of each span is 279.3ton as well as secondary dead load is 7.5×32.6＝244.5t. The 

bilinear model is adopted in LRB. In the single pier model, the superstructure of the bridge is 

simplified as a lump mass and the pier is firmly adjoined which can be seen from Fig. 1. Fig. 2 shows 

the mechanical model of lead rubber bearing. Seven typical seismic waves at Site II are taken as the 

seismic excitation. The basic characteristics of the seismic waves are showed in table 1.     

                                                                                   

 

 

 

 

Figure 1.  Model of single pier with rigid foundation.              Figure 2. Mechanical model of LRB. 

Table 1. Basic characteristics of the earthquake waves under the second ground 

Name            Component Magnitude     Acceleration [cm/s2]  Time 

Kern County S48E 7.7 128.6 1952.7.21 
San Fernando N45E 5.3 45.9 1957.3.22 

Park field Cali for.  N50E 5.6 232.6 1966.6.27 

San Fernando N29E 6.4 96.7 1971.2.9 

San Fernando S89W 6.4 154.1 1971.2.9 

San Fernando N37E 6.4 195.6 1971.2.9 

Southern Cali for. N36W 6 52.9   1952.11.21 

Significance analysis of  parameters of LRB 

The dynamic time-history analyses of bridges without isolation are carried out first. Then the seismic 

force under the 7 seismic waves can be obtained. Last the mean value can be considered as the seismic 

force of the pier. Table 2 shows the mean seismic force of the bridges without isolation. 

Table 2. Average seismic force at the bottom of pier without isolation. 
Height [m]                                    30                    35                   38                    42                   45                 50                    55                 58  

Moment [N·m]                      7.22E+07       7.37E+07         8.83E+07         1.12E+08       1.19E+08       1.38E+08        1.77E+08      1.86E+08 

Hardening ratio comparisons and significance analysis. In this calculation, the initial shear 

stiffness and the yield strength are fixed, while the hardening ratio is divided into five levels which are 

0.08, 0.2, 0.3, 0.4 and 0.5, respectively. The average moment at the bottom of pier is calculated by 

using the time-history analysis method. Fig. 3 shows the relationship between hardening ratio and the 

moment at the bottom of pier. Fig. 4 shows the relationship between hardening ratio and isolation 

ratio of the moment at the bottom of pier. 

According to Fig. 3, the seismic response of an isolated bridge pier increases correspondingly with its 

hardening ratio. What’s more, the increasing trend is very stable. When the hardening ratio η>0.2, the 

increasing rate become larger. Therefore, we can increase the hardening ratio of low piers as well as 

reduce the hardening ratio of high piers in bridge design in order to the seismic responses of bridge 

piers with different height almost the same. Fig. 4 shows that the isolation ratio of the moment at the 

bottom of pier is decreasing while the hardening ratio is increasing, and this tendency decreases 

linearly after η=0.3. According to the model analysis, hardening ratio has no influence on structure 

period. The shock absorption is realized through the change of the seismic responses which is caused 

by the hysteresis of bearing. The smaller the hardening ratio, the bigger and fuller the area of the 
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hysteresis is, and the more energy consumed, as a result, the better the isolation effect is. The 42 meter 

high bridge pier is taken as an example, which is showed in Fig. 5. 

η=0.08η=0.08η=0.08η=0.08 η=0.2η=0.2η=0.2η=0.2 η=0.3η=0.3η=0.3η=0.3 η=0.4η=0.4η=0.4η=0.4 η=0.5η=0.5η=0.5η=0.5
2222

4444

6666

8888

10101010

12121212

14141414

M
o
m
e
n
t
 
a
t
 
t
h
e
 
b
o
t
t
o
m
 
o
f
 
p
i
e
r

M
o
m
e
n
t
 
a
t
 
t
h
e
 
b
o
t
t
o
m
 
o
f
 
p
i
e
r

M
o
m
e
n
t
 
a
t
 
t
h
e
 
b
o
t
t
o
m
 
o
f
 
p
i
e
r

M
o
m
e
n
t
 
a
t
 
t
h
e
 
b
o
t
t
o
m
 
o
f
 
p
i
e
r
(( ((
1
0

1
0
1
0
1
0
77 77

 
N

 
N
 
N
 
N
)) ))

Hardening ratio

 30m

 35m

 38m

 42m

 45m

 50m

 55m

 58m

                                      
η=0.08 η=0.2 η=0.3 η=0.4 η=0.5

10

20

30

40

50

60

I
s
o
l
a
t
e
d
 
r
a
t
i
o
(
%
)
 

I
s
o
l
a
t
e
d
 
r
a
t
i
o
(
%
)
 

I
s
o
l
a
t
e
d
 
r
a
t
i
o
(
%
)
 

I
s
o
l
a
t
e
d
 
r
a
t
i
o
(
%
)
 

Hardening ratioHardening ratioHardening ratioHardening ratio

 30m

 35m

 38m

 42m

 45m

 50m

 55m

 58m

 
 

 

 

- 0 . 0 6 - 0 . 0 4 - 0 . 0 2 0 . 0 0 0 . 0 2 0 . 0 4

- 4

- 2

0

2

4

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r
(( ((
1
0

1
0

1
0
1
0
5
 

5
 
5
 
5
 

NN NN
)) ))

D e f o r m a t i o nD e f o r m a t i o nD e f o r m a t i o nD e f o r m a t i o n （（（（ mmmm））））

η =0. 0 8

- 0 . 0 4 - 0 . 0 2 0 . 0 0 0 . 0 2 0 . 0 4

- 9

- 6

- 3

0

3

6

9

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r
(( ((
1
0

1
0

1
0
1
0
5
 
 

5
 
 

5
 
 

5
 
 

NN NN
)) ))

D e f o r m a t i o nD e f o r m a t i o nD e f o r m a t i o nD e f o r m a t i o n ( m )( m )( m )( m )

η =0 . 2

 -0. 04 -0 .02 0.0 0 0.0 2 0.0 4
-10

-8

-6

-4

-2

0

2

4

6

8

10
S
h
e
a
r

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r
(( ((
1
0

1
0

1
0
1
0
55 55
    

NN NN
)) ))

Deformation(m)Deformation(m)Deformation(m)Deformation(m)

η =0.3

  
- 0 . 0 4 - 0 . 0 2 0 . 0 0 0 . 0 2 0 . 0 4

- 1 2

- 9

- 6

- 3

0

3

6

9

1 2

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r
(( ((
1
0

1
0

1
0
1
0
55 55

NN NN
)) ))

D e f o r m a t i o nD e f o r m a t i o nD e f o r m a t i o nD e f o r m a t i o n ( m )( m )( m )( m )

η = 0 . 4

 
- 0 . 0 4 - 0 . 0 2 0 . 0 0 0 . 0 2 0 . 0 4

- 1 2

- 8

- 4

0

4

8

1 2

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r

S
h
e
a
r
(( ((
1
0

1
0
1
0
1
0
55 55

 
 
N

 
 
N

 
 
N

 
 
N
)) ))

D e f o r m a t i o nD e f o r m a t i o nD e f o r m a t i o nD e f o r m a t i o n ( m )( m )( m )( m )

η = 0 . 5

 

Figure 5. Hysteretic curves of LRB isolating single pier in five different levels of hardening ratio η. 

Before discussing the significant effect of hardening ratio on the seismic responses of the isolated 

bridge pier by LRB, we should check the samples which come from the time-history analysis 

assistance whether they obey the normal distribution or not. In this paper, Kolmogorov-Smirnov test 

(Dn) is applied, and the calculation results are presented in table 3. 

Table 3. Kolmogorov-Smirnov test of hardening ratio. 

Hardening 

ratio 

Sample 

size 

Normal parameter Extreme difference 
Kolmogorov- 

Smirnov Z 

Asymptotic 

significant Nverage 
Standard 

deviation 

Absolute 

value 
Positive Negative 

η=0.08 8 45.71 4.28 0.18 0.12 -0.18 0.51 0.96 
η=0.2 8 44.43 4.53 0.18 0.15 -0.18 0.51 0.96 
η=0.3 8 40.81 4.25 0.28 0.17 -0.28 0.80 0.55 
η=0.4 8 33.37 4.62 0.22 0.17 -0.22 0.63 0.82 
η=0.5 8 26.25 5.63 0.21 0.13 -0.21 0.60 0.87 

According  to table 3, the hardening ratio samples are in obedience to the normal distribution. By 

taking hardening ratio as a single factor for variance analysis, and using F-test method, we can get 

F=24.38>3.91=F (1-0.01) (4, 35). It proves that the isolation rate can be significantly affected by 

hardening ratio. 

Comparisons and the significance analysis of the initial shear stiffness. In this calculation, 

hardening ratio and the yield strength are fixed. Then, let the initial shear stiffness K has five levels 

value: K=2.0E+07N/m, K=4.0E+07N/m, K=6.0E+07N/m, K=8.0E+07N/m and K=1.0E+08N/m, 

respectively. The average moment at the bottom of the pier is calculated by using the time-history 

analysis method. Fig. 6 shows the relationship between initial shear stiffness and moment at the 

bottom of fixed pier. Fig. 7 shows the relationship between initial shear stiffness and isolation ratio of 

the bottom moment of pier. 

Fig. 6 shows the seismic response of the isolated bridge pier increases basically corresponding to 

the initial shear stiffness K. Fig. 7 shows that the isolation ratio of moment bottom of pier is 

decreasing while the initial shear stiffness K increasing. When K<4.0E+07N/m, some piers, such as 

35m, 38m, 42m, present the reverse trend; some piers, such as 35m, 38m, 55m and 58m, present 

abnormal results. Taking initial shear stiffness as a single factor analysis of variance, and using F-test 

Figure 3. Relationship between hardening  

ratio and seismic responses. 

Figure 4. Relationship between hardening ratio and the 

isolation ratio of the moment at the bottom of pier. 
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method to get F=19.63>3.91=F (1-0.01) (4, 35). We can get a conclusion that the seismic responses can 

be significantly affected by initial shear stiffness. 
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The comparison and the significance analysis of the yield strength. In the calculation, the 

hardening ratio η and the initial shear stiffness K are fixed. Then the yield strength F is divided into 

five levels which are F=1.0E+05, F=2.0E+05, F=3.0E+05, F=4.0E+05 and F=5.0E+05, respectively. 

The average bottom moment of the pier is calculated by using the time-history analysis method. Fig. 8 

shows the relationship between the initial shear stiffness and the moment at the bottom of fixed pier. 

Fig. 9 shows the relationship between the initial shear stiffness and the isolation ratio of the moment 

at the bottom of fixed pier. 
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Fig .8 shows that seismic responses increase with yield strength when F>2.0E+05N; the seismic 

responses of all bridge piers, except those with height 35m, 58m, decrease with the yield strength 

when F<2.0E+05N. Fig. 9 shows that the isolation ratio of the moment at the bottom of pier is 

decreasing when F>2.0E+05N. It is known that the yield strength has no influence on structure period. 

However, the shock absorption is realized through the change of the seismic responses which is 

caused by the hysteresis of bearing. The smaller the hardening ratio is, the bigger and fuller the area of 

the hysteresis is, , and the more the energy is consumed. By taking the initial shear stiffness as a single 

factor for variance analysis, and using F-test method, we can get F=7.39>3.91=F (1-0.01) (4, 35). It is 

concluded that seismic responses can be significantly affected by initial shear stiffness. 

The adjustment of the parametersof LRB for seismic force. 

Based on the theory and conclusions above, optimum parameters for LRB are designed to test the 

correctness of those conclusions and the adjustment ability of LRB parameters for seismic force. The 

LRB parameters of eight isolated bridge piers are presented in table 4. The average seismic force of 

different bridge piers isolated by LRB is presented in table 5. From Fig.10, it can be concluded: (1) 

some seismic responses of piers isolated by LRB with different heights are almost the same through 

the design of the LRB optimum parameters. As a result, it can concluded that seismic force of an 

isolated bridge pier can be regulated by LRB parameters; (2) the average seismic force of 30m bridge 

pier is much less than other bridge piers which have equal seismic force, in other word, the regulation 

Figure 6. Relationship between initial 

shear stiffness and seismic responses. 

Figure 7.  Relationship between initial shear stiffness and 

the isolation ratio of the moment at the bottom of pier. 

Figure 9. Relationship between 

yield strength and the isolation ratio 

of the moment at the bottom of pier. 

Figure 8. Relationship between 

yield strength and seismic 

responses. 

Figure 10. Comparison of the seismic 

responses of an isolated single pier with 

and without isolation. 
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ability of LRB parameters is limited, when the height difference is over 30 meters, parameters of LRB 

cannot regulate the seismic force of different piers to the same. 

Table 4.  LRB parameters design for piers with different heights 

Height[m) 

Parameters 
30  35  38  42  45  50  55  58  

η 0.5 0.5 0.4 0.3 0.3 0.3 0.2 0.08 

K[N/m] 1.00E+08 1.00E+08 7.00E+07 7.00E+07 6.00E+07 3.00E+07 3.00E+07 2.00E+07 

F[N] 5.00E+05 5.00E+05 4.00E+05 4.00E+05 3.00E+05 2.00E+05 2.00E+05 1.00E+05 

Table 5.  The average seismic force of piers isolated by LRB  with different height pier. 
Height [m]                      30               35                     38                     42                      45                    50                       55               58           

Moment [N·m]                 5.40E+07          7.03E+07         7.18E+07          7.15E+07          7.14E+07         7.16E+07           7.16E+07          7.17E+07 

Conclusion. 

� The parameters of LRB have significant influences on the isolation ratio of the moment at the 

bottom of a pier. In addition, the seismic force of an isolated pier can be regulated, even equaled 

when the height differences of piers are below 30 meters. 

� Seismic response of a pier is increasing with hardening ratio’s increasing. It is noted that the 

seismic response increases more dramatically after the hardening ratio η exceed 0.2; the isolation 

ratio of the moment at the bottom of pier is decreasing with the hardening ratio increasing. 

� Seismic response of an isolated bridge pier increases with initial shear stiffness K, while the 

isolation ratio of the moment at the bottom of pier is decreases with initial shear stiffness K. When 

K<4.0E+07N/m, some piers , such as 35m, 38m, 42m, have the opposite tendency. 

� Seismic responses are increasing with yield strength when F>2.0E+05; the seismic responses of 

all bridge piers, except those with height 35m and 58m, are decreasing while F<2.0E+05; the 

isolation ratio of the moment at the bottom of pier is decreasing when F>2.0E+05N. 

Acknowledgement 

This study is sponsored by the Science & Technology Research Development Project of China 

Railway Ministry (Grant No. 2008G028-C). 

References 

[1] R.S. Jangid, Optimum lead–rubber isolation bearings for near-fault motions, Engineering Structures 29, 

pp: 2503–2513, 2003. 

[2] J. S. Hwang, L. H. Sheng, Equivalent elastic seismic analysis of base-isolated bridges with lead-rubber 

bearings, Engineering Structures, Volume 16, Issue 3, April 1994, pp: 201-209, 1994. 

[3] B. Wu, J.S.  Zhuang, Study on Mechanical Characteristics of Lead-rubber Bearing and Its Application for 

Shock Reduction/Isolation in Bridge Engineering, China Railway Science, 25(4)pp: 138-140, 2004. 

[4] D.S. Zhu, Y.C. Lao, D.Y. Shen, Q. Li, Research on Some Design Parameters of Seismically Isolated 

Bridges, China Civil Engineering Journal, Vol.33 (5)pp:52-56, 2002.  

[5] T.Y. Zhong, F.L. Y, B. Wu, Analysis of the Bidirectional Seismic Responses for Seismically Isolated 

Railway Simple Supported Beam Bridge by Lead Rubber Bearing, China Railway Science, 28(3) pp: 

38-43, 2007. 

[6] Z.G Zhang, T.Y. Zhong, L. Wang, Study on Vibration Absorption and Isolation of Continuous Beam 

Railway Bridge by Lead Cored Rubber Buffer, China Safety Science Journal, 13(5)pp:41-45, , 2003. 

[7]  F.L.Yang, Study on Optimization of the Design Parameter of Seismic Absorption and isolation bearing for 

Railway Simple Supported Beam Bridges, Journal of the China Railway Society,Vol.28(3), pp:128-132, 

2007. 

Shaobo Zhong, Yimin Cheng and Xilong Qu 109WWW.BEHSAZPOLRAZAN.COM



  

Robust Control for a Class of Nonlinear Systems Based on Backstepping 

Naibao He, Qian Gao 

1.
 Huaihai Institute of Techology, Lianyungang 222005, China  

 
E-mail: henaibao@126.com 

Key Words: nonlinear system; adaptive control; backstepping 

Abstract: Based on coordinate transform, the paper deduced the principle with which Chua’s chaotic 
system can be translated into the so-called general strict-feedback form. Combining the backstepping 
method with robust control technology, an adaptive parameter control law is developed and thus the 
output tracking is successfully accomplished for the system with unknown parameters and dynamic 
uncertainties. It is proved that all states of the closed-loop system are globally uniformly ultimately 
bounded, and lead the system tracking error to a small neighborhood. Finally simulation results are 
provided to show the effectiveness of the proposed approach. 

Introduction 

Great progress in adaptive control of nonlinear systems, which plays an important role due to its 
ability to compensate for parametric uncertainties, has been witnessed in recent years [1-4]. In the past 
decade, backstepping has become one of the most popular design methods for adaptive nonlinear 
control and synchronization [5-6], because it can guarantee global stabilities, tracking and transient 
performance for the broad class of strict-feedback systems [7-8]. In this paper, we firstly show that the 
Chua’s system in the research of chaos can be transformed into a kind of nonlinear system in the 
so-called general strict feedback form. Secondly, we focus on realizing chaos synchronization of a 
class of uncertain system by using only one controller and estimate parameters update law. The 
method adopted here is adaptive backstepping design procedure.  Finally, numerical simulations are 
provided to show the effectiveness of the proposed approach. 

Problem statement 

The nonlinear system is described by 

1 1 2 1 1

2 1 2 3

3 2 2

( ( ))z p z z f z

z z z z

z p z

= − −


= − +
 = −

�

�

�
                                                                                                                                      (1)  

Let 
1 2g p= − ,

2 1g = ,
3 1g = , 0θ = ,

1 0∆ = ,
2 1 2x x∆ = −  

3 1 2 1 4 3 1 3 4 3 3

1
(1 ) ( )( 1 1)

2
p x p p x p p p x x∆ = − + − − + − −  

In this way, the controller Chua’s circuit (1) can be easily written into a n-order feedback form as 
follows. 

1

1

( , ) ( , ) ( , )

1 1

( , ) ( , ) ( , )

T
i i i i i i i i

T
n n n n n n n

x g x t x x t x t

i n

x g x t u x t x t

y x

θ φ

θ φ

+= + + ∆
 ≤ ≤ −


= + + ∆
 =

�

�

                                                                                                                        (2) 

where, 
1[ , , ]T n

nx x x R= ∈� , Ru∈ ,and y R∈ are the states, input and output, respectively; ix  denotes 

1[ , , ]T i

i ix x x R= ∈�  1, ,i n= � ; [ ]1 2, , ,
T

l
l Rθ θ θ θ= ∈� is the vector of unknown constant parameters of 

interest; ( , )i ix t∆  is unknown Lipschitz continuous dynamic uncertain 

functions; ( ) 0ig ⋅ ≠ , ( )iφ ⋅ , 1, ,i n= � are known smooth nonlinear functions. 
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In this paper, we present a robustification method for the usual adaptive backstepping design for 
system (2) in the presence of parametric and dynamic uncertainties.                    

Assumption1: For each1 i n≤ ≤ , there exists an unknown positive constant ip  such that, for all 

( , )i ix t∆ , satisfies 1( , ) ( , , )i i i i ix t p x xψ∆ ≤ � , where 1( , , )i ix xψ � is a known nonnegative smooth 

function. 

Assumption2: Let ry  be a bounded reference signal whose n -th derivatives is also bounded, and for 

random known positive constant d , satisfies ( ) ( )n
ry t d≤  

Lemma 1[8]: For any x and y in nR , and for any positive real numberδ , we have  

               2 21

4

Tx y x yδ
δ

≤ +  

.  

Controller design 

In this section we extend the adaptive backstepping method to the non-automous strict-feedback 
system in form (2). The backstepping design procedure contains n steps. At step i, an intermediate 

control function iα  shall be developed by using an appropriate Lyapunov function iV . Let us first 

consider the equation when 1i = . 

Step1. Define the first error variable 

1 1 rz x y= −                                                                                                                  (3) 

Its derivative is 1 1 rz x y= −� ��  

We choose the following Lyapunov function candidate 

2 1 1 2

1 1 1 1 1

1 1 1

2 2 2

TV z r pθ θ− −= + Γ +� � �                                                                                                   (4) 

Where 0TΓ = Γ > is the adaptive gain matrix , ˆ
i i iθ θ θ= −�  , ˆ

i i ip p p= −� , ˆ
iθ and ˆ

ip  represent the estimate 

vector of unknown parameter vector iθ and ip , respectively ,r is a design parameter.  

The time derivative of the Lyapnuov function 1V  satisfies 

1 1

1 1 1 2 1 1 1 1 1 1 1 1
ˆ ˆ( ( ) )T T

rV z g x x y r p pθ φ θ θ− −== + + ∆ − − Γ −
� ��� � �  

According to assumption 1, assumption 2 and lemma 1, we have 

1 1 1 1( )p xψ∆ ≤   ,    
2

21
1

4
r

z
z y dδ

δ
≤ +�  

2
2 2 1 1 21 1

1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ˆ ˆˆ ˆ( ( )) 2 ( ( )) ( ( )) ( ( ))

4 4

T Tz z
V z g x x d p x z x r p p r xθ φ δ ψ θ θ φ ψ

δ δ
− −≤ + + + + −Γ −Γ − −

� ��� �                         (5)  

Step i .(2 1i n≤ ≤ − ) After some simple algebraic manipulations, the derivative of 1i i iz x α+= −  can 

be expressed as 1i i iz x α+= − ���  ,where iα  is a virtual control. We consider the following Lyapunov 

function 

2 1 1 2

1

1 1 1

2 2 2

T

i i i i i iV V z r pθ θ− −
−= + + Γ +� � �  

then we can obtain the derivative of iV  

1 1

1
ˆ ˆT

i i i i i i i i
V V z z r p pθ θ− −

−= + − Γ −
� ��� � ��                                                                                                (6)  
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z
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δ

α α α
θ θ θ
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∂ ∂
≤− + + + + − −

∂ ∂

∂ ∂ ∂
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∂ ∂∂
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2
2

1 1( , , ) ( , , ) 2
4

T i
i i i i i i

i

z
x x p x x iθ φ ψ δ

δ
+ +� �� �

                                (7) 

 Choose virtual control law iα  as 
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1 1
2 2 21 1 1 1 1

1 1
1 1

1 ˆ ˆˆ ˆ( ( )) ( ) ( , , ) ( ) )
ˆ ˆ4 4

i i
T Ti i i i i i i

i i i j j j j j i i i i i i i i

j ji j j r ii

z z
cz g x x x p x x d p

g x x y p

α α α α α
α θ φ θ φ ψ θ

δ δ θ

− −
− − − − −

+
= =

∂ ∂ ∂ ∂ ∂
= − + + − − − + +

∂ ∂ ∂ ∂∂
∑ ∑ � �

�          (8)  

Substituting (12) into(11) results in 

21 1
2 1 1 2

1 1 1
1 1

ˆ ˆ( ( , , ) ) ( ( , , ) ) 2
4

i i
T i

i k k k k k i i i i i i i i i

k k

z
V c z g z z z x x r p r x x p iθ φ θ ψ δ

δ

− −
− −

+
= =

≤ − + + −Γ + − +∑ ∑ � ��� �� �  

The ( ˆ
i iθ θ− )and ( ˆ

i ip p− ) term can be eliminated with the update law  

1
ˆ ( , , )i i i iz x xθ φ= Γ
�

�      
2

2

1
ˆ ( , , )

4
i

i i i

z
p r x xψ

δ
=� �                                                                                (9) 

which yields 
1 1

2

1
1 1

2
i i

i k k k k k

k k

V c z g z z iδ
− −

+
= =

≤ − + +∑ ∑�                                                                                       (10) 

The coupling term 
1

1
1

i

k k k

k

g z z
−

+
=
∑  can be eliminated in the final step. 

Step n. Define Lyapunov function candidate as 

 2 1 1 2

1

1 1 1

2 2 2

T

n n n n n nV V z r pθ θ− −
−= + + Γ +� � �                                                                                                  (11)    

Its derivative is 

  1 1

1
ˆ ˆT

n n n n n n n nV V z z r p pθ θ− −
−= + − Γ −

� ��� � ��  

The choice of control u  is given by  
1 1

2 21 1 1 1 1
1 1 1 1

1 1
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ˆ ˆ4 4
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Selecting the update laws for ˆ
nθ
�

and ˆ
np
� ,  

1
ˆ ( , , )n n n nz x xθ φ= Γ
�

� ,
2

2

1
ˆ ( , , )

4
n

n n n

z
p r x xψ

δ
=� �                                                                           (13) 

then     2

1

2
n

n k k

k

V c z nδ
=

≤ − +∑�                                                                                                                  (14) 

The nc  selected is the smallest positive candidate constant, nµ  is a positive candidate bounding 

number, then we have 

n n n n
V c V µ≤ − +�                                                                                                                (15)  

let  n ncλ µ= ,  then  0 ( ) [ (0) ] nc t

n nV t V eλ λ −≤ ≤ + −  

By means of the Barbalat lemma, we have  

lim 0n
t
V

→∞
=                                                                                                             (16)   

So far the entire design procedure is completed.  
Theorem1: Under assumption 1, assumption 2 and lemma 1,there exists a state feedback controller u  

and adaptive control law 
1

ˆ ( , , )i i i iz x xθ φ= Γ
�

�   
2

2

1
ˆ ( , , )

4
i

i i i

z
p r x xψ

δ
=� �   acting on system. The 

closed-loop system is globally stable for all admissible uncertainties, and its output tracking error 
satisfies  

          22 (0) 2 /
nc t

r n n ne y y V e cµ
−

= − ≤ +  
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Proof:  Let 2 1 1 2

1

1 1 1

2 2 2

T

n n n n n nV V z r pθ θ− −
−= + + Γ +� � �    Equation(16) yields   n n nc t c t c t

n n n nV e c V e eµ+ ≤�  

both sides quadrature and multiply nc te
−  

[ ]( ) (0) / /nc t

n n n n n nV t V c e cµ µ−≤ − +  (0) /nc t

n n nV e cµ−≤ +  

we have      2 222 (0) 2 / ( 2 (0) 2 / )
n

n

c t

c t

n n n n n n
e V e c V e cµ µ

−−≤ + ≤ +  

                 22 (0) 2 /
nc t

d n ne y y V e cµ
−

= − ≤ +  

Simulation example 

To examine the effectiveness of the proposed design procedure, extensive computer simulations were 
carried out for  uncertainties nonlinear system. 

( )
2

1 2 1 1 1
2 2

2 1 2

1

( )
0.1(1 ) sin 0.5

Tx x x t
x x x u u
y x

θ= + + ∆
= + + +
=

�

�  

The design controller is asymptotically to track the reference output signal 

( )0.3sin 0.5sin 0.6
2

dy t t
π = + + 

 
 

 
                                                       Fig 1. The control law u 
 
For simulation purposes, we let (0) 0.1θ =  and 

1() 0.6sin(2)t t∆ = , the initial conditions are chosen 

as 1r = ,
1 2 1c c= = , 0.1δ =  ( ) [ ]0 0.2,0

T
x = , 1Γ = . 

 

                                                     Fig2.  Output tracking error 
ry y−  

 
In view of simulation on Fig 1and 2,it implies that the closed-loop system satisfies global uniformly 
ultimate boundness for all admissible uncertainties, estimate parameter convergent to certain 
constant. Simulation result demonstrate, the robust adaptive controller designed is feasible and 
effective. 

Conclution 

We have presented an adaptive control design procedure for the regulation of nonlinear systems with 
both parametric uncertainty and unknown nonlinearities. In the design, backstepping method is used 
to get the parameter adaptive control law. The proposed systematic backstepping design method has 
been proved to be able to guarantee global uniform ultimate boundedness of closed-loop signals. In 
addition, the output of the system has been proven to  converge to an arbitrarily small neighborhood of 
the origin. Simulation results have been provided to show the effectiveness of the proposed approach. 
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Abstract. Deformation instability of slope due to rain was one of the most common geological 

disasters. Speaking from the mechanism, the destructive action and triggering action of rainfall 

affected the stability of slope itself, which made the slope deform and even lead to instability. June 

28, 2010, Guanling in Guizhou province a large landslide occurred which triggered by continuous 

heavy rainfall, it caused that in two village-groups 107 villagers were buried, all the tragedy of houses 

were completely destroyed. Using finite element software ANSYS to simulate the mechanical 

behavior of the landslide, to analyze the deformation mechanism, we got that the large landslide 

deformation mechanism was a complex mechanical geological process. From the analysis of 

interaction between soil and rock, the landslide showed complex mechanical geological features. As 

rainfall increased the strength of unsaturated soil and weak intercalation reduced, this strengthened 

the role of the slope deformation and failure. The lock-fixed section first appeared brittle fracture, 

then that brought shear failure to the creeping section. The interaction between lock-fixed section and 

creeping section was the key of slope failure. 

Introduction 

Deformation instability of slope due to rain was one of the most common geological disasters. 

Speaking from the mechanism, the rainfall destructive action and triggering action affected the 

stability of slope itself, which made the slope deform and even lead to instability. The impact of 

rainfall acted on the slope mainly through its external kinetic energy and internally generated 

interaction after infiltration, both of two led to the rainfall-induced-landslides [1]. The loss caused by 

rainfall-induced-landslides was enormous in China, according to statistics in the years 1310 to 1987, 

the number of deaths grew up to 256,000 people, and the annual economic loss reached 10 to 30 

billion [2]. 

Influencing factors on slope stability 

Engineering geological conditions. The lithology of Guanling landslide area mainly included 

clastic rocks, carbonates and quaternary broken sediments, from old to new as follows: 

  P2l+c, the lithology comprised mudstone, siltstone and coal seam. Mainly distributing in the 

landslide accumulation area, surface was weathered seriously. 

  Tly, the lithology comprised siltstone, mudstone. It was the layer where slide plane being, surface 

was weathered seriously, with joint fissures. 
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  Tlyn, the lithology comprised limestone, dolomite. It mainly distributed in the south landslide area. 

  Q4el+dl, lithology comprised silty clay with gravel. Widely distributing in all the landslide area, they 

mainly came from weathered clastic rocks, thickness ranged from 1 to 20m. 

  The landslide located on the southwestern side of Jianzhuang village fracture, 1.1km from it. The 

fracture strike was northwestwards, it extended length about 2.5km. The whole regional stratigraphic 

inclined to south, it was a monoclinal structure. The landslide aspect was 305-329°, stratigraphic 

occurrence was 170°∠45°, the slope was an escarpment slope. Unloading fracture developed, 

occurrence was 310°∠70°.  

Rainfall. From June 27, 2009 to March 18, 2010, local rainfall had never been, however by 2010 

on June 26 to 28, local area suffered continuous heavy rainfall. Especially in the night on 27, 

maximum rainfall reached 230mm, slope weight and physical mechanics parameter of rock and soil 

were liable to change rapidly by the situation that long drought and long period of rainfall. Rain 

would be very easy to quickly penetrate into the mudstone and sandstone in lower part mountain, and 

it made the soil saturated, bulk density increased, strength reduced. So that sliding force of the slope 

increased, the anti-sliding force reduced, safety factor was lower. Besides, increasing fissure water 

pressure and uplift force accelerated the further development of the landslide [3]. 

Foreign scholars [4] suggested using two independent stress state variables ( n auσ − ) and ( a wu u− ) 

to express the state of unsaturated soil, and the corresponding shear strength formula was: 
' '( ) tan ( ) tan b

f n a a wc u u uτ σ ϕ ϕ= + − + −                                              (1) 

nσ The total normal stress that affected on the bottom slope; 'c The effective cohesion; 'ϕ The 

internal friction angle that related to the normal force; bϕ The internal friction angle that changed 

with suction; ( a wu u− )The matrix suction. With equation (1) we can analyze soil shearing strength 

with changes in rainfall infiltration process. The total cohesion 
' '( ) tann ac uσ ϕ+ −  was proportional 

to matrix suction ( a wu u− ). Usually, slope in unsaturated soil, the matrix suction was large. When 

rain happened, because the rain water infiltration to the soil was near saturation or saturation, pore 

water pressure wu  was close to pore air pressure au , the suction ( a wu u− ) tended to 0, that matrix 

suction tended to 0, soil shear strength declined. This theory explained the decrease of its shear 

strength due to rainfall in the rainy season, and how it induced slope deformation failure. 

Mechanism of the landslide 

Guanling landslide was a scare high-speed long distance landside debris flow disaster, and its 

formation was very complex. The occurrence of landslide throughout the process was mainly infected 

and controlled by slope structure, lithology, rainfall and other factors. 

In the long-term continuing action and driving under gravity, the internal friction angle of the weak 

plane was reduced by weathering and invasion of heavy rainfall, which made part of the rock over 

the geological weak plane fall along this plane. At this moment the middle of the intact rock as its 

friction and shear resistance ability formed the locked-fixed section; furthermore, since the structure 

of the escarpment slope, therefore the rock of front creep section played a role in piles, the piles 

prevented landslide happened to some extent; With the further expansion of crack, lock-fixed section 

stress reached limit state, and the rock appeared plastic deformation, then damage occurred. This 

made slope happen peak stress and shear the piles, then it released the potential energy suddenly, the 

high-speed landslide formed at last [5, 6]. 

Numerical simulation of slope instability mechanism 

Calculation principle. As the rain continued immersing, the physical and mechanical parameters of 

soil layers would be dropped (bulk density increased), using strength reduction method, to decide the 

slope instability conditions: when the slope loss stability, the body slide, slip body went into motion 
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from the stable stationary state. In the same time it came with great displacement and plastic strain; 

and its displacement and plastic strain was no longer a constant value, but in the state of infinite 

plastic flow. This was the characteristic when slope was broken, that reflected in the calculation was 

calculation didn’t converge [7, 8]. 

Finite element model. According to the geological profile of Guanling and information provided 

by geological departments, selecting reasonable calculation parameters (Table 1, Table 2), to 

establish the finite element model. We adopted plane strain finite element model to deal with this 

problem, using the contact element in ANSYS to simulate unloading fracture and solid element to 

simulate landslide body. There were 4,779 nodes and 4,575 units after finite elements were meshed, 

choosing a lock-fixed section point A as the control point (Figure 2, Figure 3). 

The boundary conditions were used in calculation model: setting the upper part of model as free 

boundary; left and right as horizontal restraint; bottom boundary as immovably confined. As the 

regional tectonic stress had little effect on the slope, this idealized model only considered initial stress 

trigged by gravity in the calculation. 

Table 1 Physical and mechanical properties of initial soils and rock 

                 index 

soil 
E[GPa] ν γ[KN·m-3] 

Shear strength 

ϕ [°] C[KPa] 

Gravel soil 

limestone 

mudstone 

Mudstone intercalated with coal 

Fracture 

2.0 

12.0 

8.0 

7.0 

0.4 

0.40 

0.24 

0.25 

0.30 

0.35 

16.1 

34 

26 

24 

18.2 

37.4 

56 

42 

34 

31.5 

47 

320 

240 

210 

29 

Table 2 Physical and mechanical properties of different saturated soils 

   index 

soil 
E[GPa] ν γ[KN·m-3] 

Shear strength 

ϕ [°] C[KPa] 

11.2% 
Gravel soil 

Fracture 

2.0 

0.4 

0.40 

0.35 

16.1 

18.2 

37.4 

31.5 

47 

29 

35% 
Gravel soil 

Fracture 

1.7 

0.36 

0.40 

0.35 

16.4 

18.5 

36.0 

29.0 

46.5 

27.5 

70% 
Gravel soil 

Fracture 

1.3 

0.3 

0.40 

0.35 

16.8 

18.7 

33.8 

27.6 

45.8 

26.8 

100% 
Gravel soil 

Fracture 

1.0 

0.2 

0.40 

0.35 

17 

19 

32 

27 

45 

26 

impact reentry department

impact reentry department

Road

Bosuo Village

mudstone&sandstone 

intercalated with coal

Yongwo Village

bedrock sliding face

overburden sliding face

unloading crack

A

limestone

mudstone&sandstone
262°

284°

325 °

height(m)

Q4

el+dl

T1yn

T1y

P3l+c

170°∠45°

Fig.2 The engineering geological profile 

 

Fig.3 The FEM grid model of slope 

The results and analysis. Calculation under different saturation had been conducted to solve, by 

defining the unit, to introduce the form criteria Mohr-Column, so that we can get the exact calculation 

of the maximum [9, 10]. 

 
Fig.4 Initial principal stresses vectors 

 
Fig.5 Initial displacement vectors 
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  Fig.6 Rainfall and major principal stress curves of A 
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Fig.7 Rainfall and third principal stress curves of A 

 
Fig.8 Shearing stress distribution after saturation /Pa 

 
Fig.9 Shearing strain distribution after saturation 

 
Fig.10 Displacement increment after saturation /m 

 
Fig.11 Distribution of plastic region after saturation /m 

(1) Looking from figure 4, maximum principal stress in the slope body gradually changed from a 

vertical direction to be parallel with the slope. As the depth increased, the compressive stress value 

also increased, and the maximum shear stress in slope vivo was also increasing with depth. 

Maximum shear stress contours were parallel to the slope downward, and they didn’t intersect with 

the slope. This stress distribution showed that because of loose soil on surface slope had no tensile 

strength, tensile stress concentration zone appeared only in the location of the posterior edge of the 

slope, where formed tensile cracks. 

(2) Looking from figure 6 and figure 7, with the increasing rainfall, in the lock-fixed section the 

first principal stress increased, which increment was 0.78MPa, and the third principal stress 

decreased, which decrement was 1.9MPa. The increased accumulation period of the first principal 

stress exactly corresponded to the decreased period of the third principal stress, and that adjustment 

method was extremely unfavorable for the lock-fixed section. 

(3) Looking from figure 5, because the broken soil in the back slope crept to the free face direction, 

slip body and slip zone would develop from back to front gradually, until they cut-through the slope 

body. Looking from figure 10, the displacement of upper slope increased about 1.8cm, 1.2cm 

displacement increments in the lower place, but only 1cm displacement increments in lock-fixed 

section. The upper displacement was blocked by lock-fixed section, it couldn’t pass down freely, and 

so the lock-fixed section would gradually accumulate stress and strain. Looking from figure8, 
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figure9, the maximum shear stress in lock-fixed section reached 5.5MPa when the soil was saturated, 

maximum shear strain also reached 8.8e3. This made the lock-fixed section broken at last. 

(4) Looking from figure 11, the largest distribution of plastic region in the locked section had been 

up to 2.8m, the damage of lock-fixed section would transfer the stress to the creeping section, and the 

piles were sheared at last. 

Summary 

We used finite element software ANSYS with the Mohr-Coulomb yield criterion to simulate the 

soil stress, strain and displacement, etc. The results showed that: slope in natural conditions was 

stable, but with the infiltration of rain, the soil saturation increased, the scope of slope failure 

gradually increased, and finally the slope developed from local failure to whole sliding failure. 

Analysis told us that slope deformation and landslide were a complex geological mechanical 

process. With the rainfall increasing, the strength of unsaturated soil and weak interlayer decreased, 

that strengthened the role of slope deformation and failure. The lock-fixed section first happened 

brittle fracture, then that brought shear failure to the creeping section. The interaction between 

lock-fixed section and creeping section was the key of landslide failure.  

Limited to the degree of current study, we didn’t mention the decrease of sliding zone mechanical 

strength and the dynamic effect of landslide creep behavior under rainfall. Therefore, the results 

reflected in the intensity of landslide activity might be less than the actual state of landslide; rainfall 

intensity and infiltration might be greater than the actual situation. This model considered only the 

role of rain on the soil shear strength reduction, it was necessary to go further analysis on other factors 

that influenced and affected on the sliding body. 
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Abstract. In this paper, the impacts of environmental vibration on precision instruments as well as 

the vibration allowances of precision instruments are introduced firstly. Then the integrated model of 

a high-rise building is established, and the vibration responses of the floor where a precise instrument 

is fixed are calculated by inputting micro-vibration loads. The passive control method is used by 

putting several lead rubber bearings at the bottom of instrument and at the bottom of building 

separately, and the isolated vibration responses are calculated and analyzed. Some valuable 

conclusions are obtained by comparing the vibration responses of isolation system and non-isolation 

system with acceptable values according to the environmental vibration codes for precise instruments. 

Introduction 

With the rapid development of modern industry and urbanization, impact of environmental vibration 

on production and on people’s daily life has attracted widespread attention. Now vibration and noise 

has been listed as one of the seven hazards in the world. 

The study on environmental vibration begins in the 1940s [1]. In the latest 30 years, Europe, the 

United States, Japan and some other developed countries have made some research on the production, 

dissemination, attenuation, refraction, focusing and resonance amplification of environmental 

vibration, and proposed standards of ground vibration isolation design method [2-6]. The studies also 

focused on ground vibration caused by railway transportation, especially caused by high-speed trains 

and heavy trains, and some calculation methods and calculation models are proposed [7-9]. In China, 

the researches on environmental vibration are also carried out, and some research methods and 

calculation models are obtained [10-12]. 

With the development of science and technology, human society has entered the "nanometer era". 

The great progress of industrial technology makes industrial products and instruments need high 

requirements on environmental vibration for production and operation. Urban rail transit line would 

inevitably run through factories, hospitals, laboratories and other areas where precision instruments 

are installed. When the vibration reaches some certain intensity, it will affect the normal use of the 

precision instruments. For instance, Beijing Metro Line 4 and Line 10 respectively pass closely to the 

Physics Laboratory of Peking University and a lot of sensitive instruments could be affected by metro 

trains. In order to ensure the normal teaching and scientific researching, the provision that 

environmental vibration frequencies which lower than 1Hz shall not exceed 5dB of ChengFuLu 

section is taken, at the same time the research on Vibration and Noise Reduction Measures of Peking 

University Physics Laboratory is carried out.  

Environmental Vibration on Precision Instrument 

Impact of Environmental Vibration on Precision Instrument. If the vibration velocity is larger 

than precision machining equipment allowances, the machines such as precision lathes, grinding 

machines, boring, milling and other precision equipments could reduce machining accuracy 1 to 2 
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levels, which will causes adverse effects on the  smoothness, waviness, roundness, squareness and 

dimensional precision of products.  

For precision measurement of physical and chemical analysis and the other testing instruments, the 

shaking or vibration of precision instruments occur when the vibration velocity exceeds vibration 

allowance. Thereby the vibration may cause measuring and testing system errors, as shown in Fig.1. It 

may reduce precision equipment service life, or even cause damage to the equipment directly. 

                            

                                      (a) Normal image                                       (b) Image impact of vibration 

Fig. 1. Impact of vibration on electron microscope images 

Precision Instrument Vibration Control Standards and Allowances. The allowed vibration 

levels of instruments are distinct according to their different characteristics. There are appropriate 

vibration allowances for different types of industries and instrument in China [13, 14]. The relevant 

documents of America and Japan point out that environmental vibration allowance of displacement is 

1µm and the allowance of acceleration is 1gal for precision instruments. For large scale integrated 

circuit factory, the average value of vibratory displacement allowed is 0.1 ~ 1µm, and the average 

value of vibratory acceleration allowed is 0.1~1gal. 

Environmental Vibration Responses and Vibration Control of Precision Instrument 

Finite Element Model. The main body structure of the building is a reinforced concrete frame - tube 

structure, which has 18 layers with rectangular planes, and the height of each floor is 3m. A precise 

instrument is fixed on the 12th floor.    

In order to make the calculation more close 

to the actual situation, the M method is used in 

this paper for calculating the coefficient of pile 

horizontal reaction, and the integrated model is 

established based on finite element software 

ANSYS. In this program, beam and column 

are simulated by three-dimensional beam 

element beam188, and shear wall and floor are 

simulated by shell element shell63. The FEA 

model is shown in Fig. 2. The coordinate 

system is set to the structure by defining x axis 

paralleling to the length direction and y axis 

paralleling to width direction as well as z axis 

paralleling to the height direction.  

 
Fig. 2. FEA model of a high-rise building 

A periodic micro-vibration load is taken as excitation in calculation, and the peak value of an 

actual environmental vibration wave is taken as peak load which the value is 0.025m/s
2
. The 

propagation directions of the waves are assumed to parallel to x axis. 
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Elastic Foundation. The peak value of instrument responses are calculated, and the instrument 

acceleration is transformed to vibration level according to the standard of ISO 2631, which is shown 

as table1.  
Table 1. Peak value of instrument responses 

Label X direction Y direction 

Velocity ( mm/s) 0.168 0.373 

Acceleration (m/s
2
) 0.00559 0.00367 

VL(dB) (a0=10
-6
m/s

2
) 74.95 71.30 

The vibration level of this instrument exceeded vibration allowable values defined in ISO 

2631/2-1989 and in JBJ 16-2000, so the following research will use the passive control method that 

put lead rubber bearing (LRB) at the bottom of instrument and at the bottom of building separately to 

meet the environmental vibration requirements of precise instruments. 

Instrument Isolation. LRB is the most commonly used isolation device in passive control method. 

By using LRB in structure, the natural vibration period and damping of the structure increase, and 

energy imported into structure decreases. Moreover, because of rising of the damping, the structure’s 

ability to consume energy is increased and the vibration response of the structure is decreased 

accordingly. 

The responses of instrument with LRB or without LRB at the bottom of instrument are shown in 

Fig.3-Fig.4 below. 
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Fig. 3. Velocity responses with and without instrument bearing 
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Fig. 4. Acceleration responses with and without instrument bearing 

Fig.3-Fig.4 show that vibration responses change very slightly in y direction by taking LRB at the 

bottom of instrument, but the velocity responses and acceleration responses in x direction reduce 

obviously. 

The acceleration responses can be effectively reduced by putting LRB at the bottom of instrument 

and the vibration level has reached the requirements in the codes. 

Base Isolation. The responses of instrument with base isolation or without base isolation are 

shown as Fig.5-Fig.6. 
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Fig. 5. Velocity responses with and without base isolation 
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Fig. 6. Acceleration responses with and without basal bearing 

It can be seen from Fig.5-Fig.6, velocity responses and acceleration responses of the instrument are 

reduced in x direction and in y direction. It is obvious that putting LRB at the bottom of building is an 

effective method to reduce the vibration responses of instrument. 

The micro-vibration responses of precise instrument in the high-rise building are compared, and 

shown in Table2. 

Table2. Vibration responses of precise instrument in a high-rise building 

Maximum response 

Connection mode Allowance 

Elastic 

foundation 

Instrument 

isolation 

Base 

isolation 

ISO 

2631/2 

JBJ 

16-2000 
Chinese American 

VL(dB) 

(a0=10-6m/s2) 

X direction 74.95 69.24 68.90 
71 71 

—— —— 

Y direction 71.30 70.35 69.51 —— —— 

Velocity [V] 

(mm/s) 

X direction 0.168 0.113 0.106 —— —— V(0.2) ③ (0.2) 

Y direction 0.373 0.355 0.284 —— —— VII-VI(0.5-0.3) ② (0.4) 

Table 2 shows that, vibration level of this precision instrument can meet the requirements defined 

in ISO 2621/1 and in JBJ 16-2002 both by putting LRB at the bottom of instrument and at the bottom 

of building. Besides, the base isolation method can reduce instrument speed more effectively; thereby 

vibration responses of this instrument can meet higher environmental vibration requirement 

according to Chinese cord, and the allowance level change from VII (0.5mm/s) to VI(0.3mm/s). 

Conclusion 

Although the responses caused by environmental vibration loads are tiny, the vibration acceleration 

and vibration velocity allowances for precise instrument are very small. Excessive vibration not only 

reduces precision machining accuracy or affects normal use of precision instruments, but also may 

reduce precision equipment service life or even cause damage to the equipment directly. Therefore 

carrying out research on analysis and control of precise instrument environmental vibration responses 

is very necessary. 

The velocity and acceleration responses of a precision instrument in a high-rise building caused by 

a periodic micro-vibration load are obtained caused by a periodicity micro-vibration load. When 

without taking any vibration isolation measures, vibration acceleration level of instrument has 

exceeded the acceptable value of the codes, and velocity responses are larger than those of isolation 

structure. The acceleration responses can meet standards for building indoor vibration limit value, 

regardless of putting LRB at the bottom of instrument or at the bottom of building. The decrease of 
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velocity responses and acceleration responses is the most obvious in x direction, and the reduce rates 

are 32% and 36% respectively by putting LRB at the bottom of instrument, and 44% and 46% 

respectively by putting LRB at the bottom of building. In conclusion, the LRB can effectively reduce 

micro-vibration responses of precise instrument, which can improve the working performance of 

precise instrument largely. 
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Abstract. In this paper, the performance of modal based decoupling method in structural joint 

identification is investigated. This method does not need any iteration and is independent from 

updating techniques. Because of these advantages, in present work it is tried to assess the effect of 

experimental and numerical issues of using modal data in this method. Issues such as effect of 

number of digits of precision of modal pairs, effects of lower hand higher eliminated modes, effect 

of any normalization of modal vectors and effect of possible noisy experimentally extracted modal 

parameters on identified joint characteristics are studied through some case studies. 

Introduction 

Identification of structural joints characteristics using updating methods, is depend on existing of 

analytical models for joint members and coupling of these models with an initial model for the joint 

region[1,2]. To get reasonable and accurate results, usually these methods need iterative procedure 

in other words the structural coupling repeated for several times that is a time consuming process. 

In structural decoupling method that is independent from updating methods, the integrated 

structure is decomposed to its members and using the experimental or analytical modal parameters 

of the members and considering an analytical model for joint region, the parameters of joint are 

identified in one stage without any need to iteration and initial value to joint parameters [1]. 

The results of reference [1] show that despite of simplicity and not need to repetition, achieving 

accurate results using modal based decoupling method is difficult. In this paper, to do more 

investigation about this method, with some case studies it will be tried to study the effects of 

different computational and experimental issues on the performance of this method. 

The governing equations of modal based decoupling method 

The coupling equations for structure C that is constructed by coupling elastic sub-structures A and 

B through joint J, are as flow (more details are available in reference [1]) : 
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if the elastic substructure A is attached to the ground via joint J, equation (1) is simplified as: 
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Where, [ ] [ ]2

akxr ωλλ −=∆
      

and
     

{ } [ ] { }
11 ×× ×=

kxsnx xraknakrxs pφφ                    (3) 

        

In equation (1), [ ]aiR  is the residue effect of eliminated modes which has two parts: residue due to 

rigid body modes, [ ]
laiR  , and  residue of eliminated high frequency modes, [ ]

haiR . i.e.: 
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Where, n  is the number of rigid body modes and ω  is resonance frequency of the mode in which 

the identification of joint characteristics is done. 

In the studies of reference [1], damping has not been considered. However, here, to identify 

damping beside the dynamic stiffness of joint region, the complex modal vectors and   eigen values 

of experimental modal tests will be used i.e. { }
xrap  and   [ ]xrλ  are complex. Therefore, it will be 

possible to compute complex [ ]jZ  from equation (2).  

Before applying the method, the correctness of extracted analytical complex modal pairs in this 

work is examined using a spring-dashpot system used by Adhikari [3] and illustrated in figure 

1.The eigen value problem for a damped system is as follow: 
 

02 =++ kkkkk KCsMs ψψψ                                                                                                                                          
(5)

   

 

Where, ks  are eigen values and  { }kψ  are modal vectors that satisfy the following orthogonality 

condition [  ]:  
  

[ ] NkCMs kkk

T

k 2,...,12 =∀=+ θψψ              ;          .2 kskk ∀=θ                                                      
(6)

                                                                 

 

Equation (6) will be used in normalizing the modal vectors.  

The extracted complex modal pairs using equations (5 and 6) in this work have been compared 

with the counterpart results presented by Adhikari in table 1. As it is seen form this table, the 

complex modal pairs extracted here, are the same presented by Adhikari. Therefore, the 

methodology of extracting analytical complex modal pairs in present work is faithful. 
 

 

Table1. Comparison of extracted modal pairs   in this study with that of h counterparts presented  in ref. [3 ] for a 

spring-dashpot system (fig. 1) 

 computed in present work 
  

Adhikari 

ψ     0.0115 + 0.0195i    0.0025 - 0.0204i 

  -0.0066 + 0.0200i    0.0146 + 0.0153i 

 

- 

- 

s  -1.3786 +32.5838i     

  -2.6214 +33.5570i 

 

-1.3786 +32.5838i  

   -2.6214 +33.5570i 

nψ     0.8463 - 0.3349i   -0.7589 - 0.4241i 

   0.7538 + 0.3877i    0.8296 - 0.3259i 

 

   0.8463 - 0.3349i   -0.7589 - 0.4241i 

   0.7538 + 0.3877i    0.8296 - 0.3259i 

 

Fig 1. A two DOF spring-dashpot system with following parameters [ 3]: 

k1= 1000 N/m; K2=1100 N/m; k3=50 N/m; m=1 kg; c1=3.0 N/m/s; c2=1.0N/m/s; c3=2.0 N/m/s 

Studying the effect of various factors on performance of the modal based decoupling method 

in identifying joint characteristics 

In this section, joint identification technique using modal based decoupling method is applied to the 

system that is presented in fig. 2 and the characteristics of joint i.e. jk  and  jc  are 

identified( [ ] jjj cSkZ += ). In present work, all 5 elastic modes will be used and the residue effect of 

rigid body modes is computed. Through some case studies, the performance of modal based 
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decoupling method under the following different conditions will be investigated:1- Effect of 

precision (decimal number of digits) of  Sandψ ; 2- Effect of normalizing of modal vectors; 3- 

Effect of [ ]aiR ; 4- Effect of adding noise to Sandψ  

Case study 1- Effect of precision (decimal number of digits) of Sandψ . In this case study, 

modal pairs with 4 and 16 digits of precisions will be used in identification process. Samples of 

modal pairs with different digits of precisions are presented in Table 2.  Identified values of joint 

parameters using each modal pair (for different sets of joint parameters) with considering 4 digits of 

precision for S  and ψ in calculations are presented in Table 2 and compared with situation that16 

digits of precision considered for the modal pairs. These results show that by using S  and ψ with 4 

digits of precision, the indentified values of joint damping (
identifiedjc  ) are acceptable where the joint 

stiffness (
identifiedjk ) have big errors. Also, the correctness of identified values depends to the order of 

magnitudes of joint parameters. However, using  S  and ψ  with 16 digits of precision, leads 

exactly identified jk and jc .  

 
Table2.Samples of S  and ψ with different number of digits of precisions 

 
 

 

4 digits 

 
 

16 digits 

2s
  

-1.0900e+1+1.5139e+3i  -1.085547671125847e+001+1.513869780651153e+003i 

)1,1(ψ   

-0.6627 - 0.1976i  -0.66265133712611 - 0.19764103669266i 

 
Table3. Comparison of identified joint parameters using 4 and 16 digits of precision for Sandψ in identification 

process with different desired values for joint parameters 

Used 

Mode 

No. 

 

Desired values 

 

 

Identified  values 

 

   accuracy of Sandψ  :  4 digits accuracy of Sandψ  :  16 digits 

jk  

[N/m] 
jc  

[N/m/s] 

 

identifiedjk  

[N/m] 

e  

[%] identifiedjc  

[N/m/s] 

e  

[%] 

 

identifiedjk

 
[N/m] 

e  

[%] identifiedjc  

[N/m/s] 

e  

[%] 

1  

 

300 

 

 

30 

 

301.60 0.5 30.0 0.00  300.00 0 30.00 0 

2 432.34 44 29.98 -0.06  299.99 0 30.00 0 

3 441.504 47 30.13 0.43  300.00 0 29.99 0 

4 52.5891 -82 29.90 -0.35  299.99 0 30.00 0 

5 -535.80 -279 30.21 0.07  299.99 0 30.00 0 

1  

 

3000 

 

 

 

150 

 

2999.6 -0.01 149.99 -0.00  3000.00 0 149.99 0 

2 2824.4 -5.85 149.99 -0.00  3000.00 0 149.99 0 

3 3078.3 2.61 150.00 0.00  2999.99 0 150.00 0 

4 3145.8 4.86 149.91 -0.06  2999.99 0 150.00 0 

5 4172.9 39.10 150.06 0.04  2999.99 0 150.00 0 

 

Fig 2. A 5 DOF spring-dashpot system with following parameters:  

k1=k2=k3=k4 = 3e6 N/m; m1=m2-m4-m5-m6=0.5 kg; kj=300 N/m; cj=30N/m/s 
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Case study 2- Effect of normalizing of modal vectors. In previous case study, all of modal 

vectors before using in identification process were normalized using equation 6. However, in this 

case study for one set of desired jc  and jk , un-normalized modal vectors with 16 digits of precision 

are implemented in identification process. The results that are presented in Table 4 show that there 

is no need to any normalization of modal vectors. 
 

Table4. effect of normalizing of modal vectors on identified joint characteristics 

Used 

Mode 

No. 

Desired values 
 

Identified  values 

Normalized 
 

Un-normalized 

jk  

[N/m] 

jc  

[N/m/s] 

 

identifiedjk  

[N/m] 

identifiedjc  

[N/m/s] 

 

identifiedjk  

[N/m] 

identifiedjc  

[N/m/s] 

1  

 

3000 

 

 

150 

 

3000.000 149.999 
 

 

 

 

3000.000 149.999 

2 3000.000 149.999 
 

3000.000 149.999 

3 2999.999 150.000 
 

3000.000 150.000 

4 2999.999 150.000 
 

2999.999 149.999 

5 2999.999 150.000 
 

3000.000 150.000 

 

Case study 3- Effect of [ ]aiR . In previous case studies, identification process were done 

considering residue effect ( [ ]aiR ) in calculations. Here, to investigate the effect of considering 

[ ]aiR on identified parameters, identification process for one set of desired joint parameters repeated 

without considering residue effect of eliminated modes. the results of considering and non-

considering of [ ]aiR in identification process are presented in Table 5.it can be concluded from the 

results of this table that, non-considering residue effect of eliminated modes will lead to big errors 

in identified characteristics of joint. 
 

      Table5. Effect of considering [ ]aiR  on identified joint characteristics 

Used 

Mode 

No. 

Desired values  Identified  values 

With [ ]aiR   Without [ ]aiR  

jk [N/m] jc [N/m/s]  
identifiedjk [N/m] 

identifiedjc [N/m/s]  
identifiedjk [N/m] 

identifiedjc [N/m/s] 

1  

 

300 

 

 

30 

 300.000 30.000  

 

 

 

-2499889.998 10.999 

2 299.999 30.000  -59.991 30.001 

3 300.000 29.999  -59.999 30.001 

4 299.999 30.000  -60.002 30.000 

5 299.999 30.000  -60.002 30.000 

 
 

Case study 4- Effect of noisy extracted modal pairs on identified results.  Experimental 

modal data may contain some noise due to test chain and modal parameters extraction methods [4]. 

Here, to investigate the effect of the noisy modal data on identified joint characteristics, 

%5± random noise is added on ψ and %1± random noise added on S . With noisy modal pairs, 

identification process for previous case study is repeated here. The identified results are presented 
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in Table 6. These results show that with presence of noise, the identified values of  
identifiedjc are 

acceptable whereas 
identifiedjk  are erroneous. 

 
      Table6. Effect of %5± random noise of ψ and %1± random noise of s on identified results 

Used 

Mode 

No. 

Desired values  Identified  values 

jk [N/m] jc [N/m/s] 
 

identifiedjk [N/m] e [%] 
identifiedjc [N/m/s] e [%] 

1  

 

 

 

300 

 

 

 

 

30 

 

294.197 -2 29.707 -1 

2 7456.766 2386 30.5104 1.7 

3 8527.418 2743 29.085 -3 

4 15231.192 4977 29.220 -2.6 

5 2898.695 866 29.205 -2.7 

 

Summary 

In this paper, the performance of “modal based decoupling method” in structural joint 

identification investigated through some case studies. It can be concluded that this method is 

sensitive to the following items:  
- The number of digits of precision of modal pairs ( S  andψ ) in this method is very crucial. It 

is advised to consider more than 8 digits of precision. 

- None considering the residue effect of eliminated modes (rigid body modes and high 

frequency modes) will lead to erroneous identified joint characteristics. 

- Normalizing of modal vectors does not affect identified joint characteristics. 

-   This method is sensitive to existing noise on modal parameters and noisy modal data lead to 

big errors in identified joint characteristics. 
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Abstract: For the subjectivity of attribute value in the fuzzy attribute information system, this paper 

proposes a construction method of fuzzy attribute information system based on DEA (Data 

Envelopment Analysis). Then an attribute reduction method based on the dependability degree of 

attribute is given. At last, the proposed method is implemented successfully in the optimization of 

evaluation index system. 

Introduction 

In the classical rough sets theory [1], the condition attributes and decision attributes are both clear. 

Attributes correspond to the equivalence relations. We should make the continuous data discretely 

firstly before reducing. Traditional discrete technology may cause information loss because the 

membership degree of attribute values to the discrete values is not being considered. Because of 

these, rough sets theory has some limitations of practical application. 

In the fuzzy rough sets theory, the condition attributes and decision attributes can be fuzzy due to 

the introduction of fuzzy ideas. Attributes correspond to the similarity relations. Before reducing, 

the discretization of attribute values is unnecessary [2]. But the determination of attribute values 

(membership function) has a certain degree of subjectivity in the fuzzy attribute information system. 

DEA method has prominent superiorities in avoiding the subjectivity, simplifying operation and 

decreasing error [3]. So this paper builds fuzzy attribute information system through integrating 

DEA with fuzzy rough sets theory. Then an attribute reduction algorithm is put forward and 

implemented in the optimization of evaluation index system. 

Prior Knowledge 

RC
2

 Model. Data Envelopment Analysis [4] evaluates the relative efficiency of decision making 

units (DMU) with multiple input and multiple output by mathematical programming model. 

Suppose there are n DMU, and each one has m kinds of input and s kinds of output. 

Denote T

mjjjj xxxX ),,,( 21 �==== , T

sjjjj yyyY ),,,( 21 �= , nj ,,1�=  as the input and output of the 

jth DMU. Apply the RC 2  model of DEA to built model of each DMU i ),,1( ni �= : 
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If the optimal solution 1=θ , then the DMU i  is DEA effective. Otherwise, it is DEA ineffective. 

The dependability degree of decision attribute. Let },,,{ 21 nxxxU �= be the domain and 

},,,{ 21 mCCCC �= be a set of fuzzy condition attributes. Every attribute is generally expressed as a 

set of fuzzy language items ),,2,1()( pkFCA iki �== . },2,1,,,2,1{/ pkmiFCU ik �� ===  is 

a fuzzy partition of U  by fuzzy similarity relation R [5] on U . D  is the decision attribute. 

Uxi ∈∀ is divided into class sets },,2,1{)( qlFDA l �== . lF  can be precision set or fuzzy set. 

Given arbitrary fuzzy set A . ]1,0[:)( →UxAµ  is the membership function. For Ux∈∀ , 

PUFik /∈ , the tuple ),(
AA µµ  constitute fuzzy rough sets. Aµ  and 

A
µ  are called lower and 

upper approximation membership function. They are defined as follows [6]: 

)}(),(1max{inf)( xxF AF
Ux

ikA ik
µµµ −=

∈
.                                          (2) 

)}(),(min{sup)( xxF AF
Ux

ikA ik
µµµ

∈
= .                                             (3) 

The membership degree of ikF  under fuzzy positive domain of D  is defined as 

)}({sup)(
)(

ikF
DAF

ikPOS FF
l

l

µµ
∈

= .                                                    (4) 

The membership degree of Ux∈∀  for fuzzy positive domain is defined as 

)}(),(min{sup)(
)(

ikPOSF
CAF

POS Fxx
ik

iik

µµµ
∈

= .                                          (5) 

The dependability of decision attributes D  for condition attributes C  is defined as 

n

x
D Ux POS

C

)(
)(
∑ ∈=

µ
γ .                                                        (6) 

Construction model for system 

Membership degree is the major component of fuzzy rough sets model. The determination of 

membership function has a certain degree of objective regularity and scientificity, but also exists the 

more dense subjectivity. This is one of factors which impact the objectivity of knowledge discovery 

in fuzzy rough sets theory. 
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For a fuzzy attribute, we can select the important factors according to the practical significance 

to structure input and output index. Then we can build the DEA model for the original data and 

evaluate the relative efficiency for elements. The relative efficiency of the elements for the fuzzy 

attribute could be regarded as membership degree. From this, the fuzzy attribute information system 

can be built. 

For example, a  is a fuzzy attribute. Select the factors },,,{ 621 aaa �  which have prominent 

effect for a  and classify them into input indexes and output indexes according their nature. See 

Table 1. 

 

Table 1  Input-output data of fuzzy index a  

 input output 

 
1a  2a  3a  

4a  5a  6a  

1x  21 2020 1616 602 24 293 

2x  32 1019 899 350 59 1617 

3x  69 1918 1542 319 198 1015 

4x  51 2217 1918 720 429 3100 

5x  36 1217 946 298 98 631 

     

Calculate the relative efficiency with the Linear Programming (1997). Show the results in Table 

2. (Select one significance digit after the decimal point.) 

 

Table 2  Relative efficiency of object set on index a  

object 
1x  2x  3x  

4x  5x  

efficiency 1 0.9 0.5 1 0.4 

 

According to the result of efficiency, the membership degrees of 521 ,,, xxx � for the fuzzy 

attribute a  follow by 1, 0.9, 0.5, 1, 0.4. 

It can be seen that the subjectivity caused by determination of membership function can be 

effectively avoided through the construction method of fuzzy attribute information system based on 

DEA. 

Fuzzy attributes reduction algorithm 

Let },,,{ 21 mCCCC �=  be the fuzzy condition attribute set, andD  be the fuzzy decision attribute. 

Let CP ⊆ , iP = ( ⋅ is denoted by the number of elements in a set).  

If )()( DD CP γγ = , then PCred =)( . Suppose the decision table is consistent. Reduction 

algorithm is as follows: 
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For i=1 to m 

If 1
)(

)( ==
∑ ∈

n

x
D Ux POS

P

µ
γ  

Then Red=P 

Else i=i+1 

End if 

Example  

In the areas such as evaluation and decision-making, the design of index system should pay 

attention to the relevance which exists between indexes, when we seek the comprehensiveness. If 

we treat the index as the attribute, the reduction of index set can be obtained by the attribute 

reduction. This is known as the optimization of index system. For the fuzzy index, we can treat it as 

the fuzzy attribute, and then the optimization of fuzzy index system can be achieved through the 

above-mentioned construction method and attribute reduction algorithm. 

Let },,,{ 521 xxxU �=  be the set of evaluation objects, },,,,{ edcbaC =  be the set of fuzzy 

indexes and }{hD =  be the fuzzy decision index. 

Step1: Build the model of DEA for each index by model (1) and evaluate efficiency of elements 

of U . Construct fuzzy attribute information system by relative efficiency instead of membership 

degree. See Table 3. 

 

Table 3 Fuzzy information system 

 a  b  c  d  e  h  

1x  1 0.8 1 0.6 0.9 1 

2x  0.9 0.6 0.8 0.7 1 0.8 

3x  0.5 1 0.6 0.9 0.7 0.6 

4x  1 0.8 0.8 1 1 1 

5x  0.4 0.5 0.4 0.7 0.3 0.5 

 

Step2: Using the above-mentioned attribute reduction algorithm, we get a reduction },{ ba . It is 

the optimized result of original index set. 

Conclusion 

This paper proposes the construction method of fuzzy attribute information system based on DEA 

firstly. This method applies an effective way to avoid the subjectivity which is brought by the 

determination of membership degree. Then, a new reduction method based on the dependability 

degree of attribute is given. Finally, the method is applied to the optimization of evaluation index 

system.  
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Abstract. Based on optimization theories, considering soil-structure interaction and running safety, 

the optimal design model of the seismic isolation system with lead-rubber bearings (LRB) for a 

simply supported railway beam bridge is established by using the first order optimization method in 

ANSYS, which the parameters of the isolation bearing are taken as design variables and the 

maximum moments at the bottom of bridge piers are taken as objective functions. The optimal 

calculations are carried out under the excitation of three practical earthquake waves respectively. The 

research results show that the ratio of the stiffness after yielding to the stiffness before yielding has 

important effect on the structural seismic responses. Through the optimal analysis of isolated bridge 

system, the optimal design parameters of isolation bearing can be determined properly, and the 

seismic forces can be reduced maximally as meeting with the limits of relative displacement between 

pier top and beam, which provides efficient paths and beneficial references for dynamic optimization 

design of seismic isolated bridges. 

Introduction 

Vibration reduction and isolation technology provide a new way for bridge antiseismic and has been 

used in railway bridge engineering in China, but there still are many problems not solved in 

calculation analysis and design theory. In recent years, many researchers have investigated the seismic 

absorption and isolation design of bridges. Zhu Dongsheng et al. studied on the design parameters of 

the seismic isolation bridges, and the effects of initial period, ductility ratio as well as the ratio of the 

stiffness after yielding to the stiffness before yielding on the seismic isolation of bridges were 

investigated [1]. However, the seismic isolation design method considering all the parameters 

comprehensively weren’t given. Li Jianzhong et al. researched on the optimum design of seismically 

isolated continuous bridges and presented the optimum design method for continuous bridges [2]. As 

for the application of isolation bearings, the beam displacements increase as soon as the forces at the 

bottom of the pier reduce on the seismic excitations. Kyu-Sik Park et al. solved the contradiction 

between the reduction of the maximum forces and the increment of the beam displacement by 

introducing the weight coefficients [3]. The soil-foundation interaction and the effects of the dynamic 

parameters of the lead core rubber bearing (LRB) on the Rayleigh damping coefficients weren’t 

considered in the three studies above. The lead core rubber bearing between the beam and pier can 

reduce the seismic responses of bridges efficiently [4], and the optimum study on the LRB design 

parameters is done in this paper based on the single pier model considering the soil-foundation 

interaction. After the optimum design, the maximum forces of the bottom of the pier can be decreased 

at the most with the relative displacement between the beam and the top of the pier constrained in the 

allowable range. The hysteretic energy-dissipated characteristics of LRB can be determined by its 

dynamic controlling parameters which include the yield stress, the stiffness before yielding and the 

ratio of the stiffness after yielding to the stiffness before yielding. The optimum study on the dynamic 

controlling parameters of LRB provides important reference for the proper seismic isolation design of 

the railway simple supported beam bridge. 
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Analysis Model 

Bilinear Model of the Lead Core Rubber Bearing. As shown in Fig. 1, Bu represents the efficient 

design displacement of the bearing and ( yu , yQ ) represents the yield point of the bearing [4]. The value 

of yield stress yQ  mainly depends on the weight of the beam structure and the producing techniques, 

and yu  is the yield displacement of the bearing. The stiffness after yielding 2K  can be calculated 

according to Fig. 1 by formula (2.1). 

yB

yB

2

)(

uu

QuF
K

−

−

=                                                                    (2.1) 

                                         

Fig. 1. Controlling parameters of LRB                                  Fig. 2. FEA model  

FEA Model for the Railway Simple Supported Beam Bridge. A typical pier of a super giant 

railway simple supported bridge is researched in this study, and the basic design parameters of the 

bridge can be seen in Table 1. According to the Code for Design on Subsoil and Foundation of 

Railway Bridge and Culvert [12], the foundation elastic stiffness can be calculated by M-method. The 

FEA model of the beam-bearing-pier-soil system is shown in Fig. 2. The general program ANSYS is 

used for the calculation analysis. In this model, the dynamic characteristics of LRB can be simulated 

by nonlinear element Combin39, and Mass21 element is applied for the substructure. The 

soil-foundation interaction is well simulated by an arbitrary element (Matrix27) whose geometry is 

undefined but whose elastic kinematics response can be specified by stiffness, damping, or mass 

coefficients. The foundation elastic stiffness values are listed in Table 2. The site which the bridge 

locates is I-site, and 3 earthquake waves of San Fernando, El Centro and Long Beach are selected as 

the excitations for the optimization of the LRB design parameters. 

Table 1. General design parameters of the typical pier 

Design parameters of the 

pier-section 
Lumped mass on the top of pier (ton) Height of the pier(m) 

Solid circle-head shape, diameter 

of the pier top: 2.10m,width of the 

rectangular: 1.70m，slope:1/40 

420 21 

As seen in Table 2, the foundation stiffness values for the typical railway simple supported beam 

bridge are calculated by M-method when the m-value equals to 50000 KPa/m
2
. 

Table 2. Foundation elastic stiffness for m=50000 KPa/m
2
 

Foundation stiffness 11
k (×109) 2112

kk −= (×109) 22
k (×109) 33

k (×109) 

Values 1.6206 )N/m(  -3.3422 )N/rad(  9.859 )m/radN( ⋅  76.011 )N/m(  

Optimization Program  

Mathematic Description of the Design Parameters Optimization of LRB. The dynamic 

controlling parameters consist of the yielding strength yQ , the stiffness before yielding 1K  and the 

ratio of the stiffness after yielding to the stiffness before yielding α . The seismic absorption and 

isolation can be realized by the application of LRB for its good hysteretic property. It is known that the 

application of LRB can lengthen the structural period and reduce the earthquake forces, but it may 

Qy 

F(uB) 

K1 

K2 

KB 

Substructu

LRB 

Foundation 

stiffness 

Bridge pier 

uy uB 
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increase the displacement between beam and top of pier [5]. This indicates that there exist optimum 

values of the dynamic design parameters for which the earthquake forces in the bridge are minimum. 

Therefore, yQ , 1K and α  are taken as the design variables for the optimization of the whole structural 

system. Three types of intensities including minor earthquake, design earthquake and severe 

earthquake are considered in the optimal design for the whole isolated bridge system, so that the 

bridge structure can remain elastic when subjected to a minor earthquake, while the LRB can undergo 

inelastic deformation to dissipate the seismic energy under a severe earthquake.  

The maximum moment of the bottom of the pier on design earthquake excitation is taken as the 

objective function. Because the application of LRB enlarges the relative displacement between beam 

and top of pier, the beam would collapse on the design seismic excitation if the displacement weren’t 

constrained. Accordingly, as the state variable in the optimum process, the relative displacement 

between beam and top of pier should be constrained so as to ensure the maximum relative 

displacement in the permissible range. The running safety of vehicles can be ensured by the index of 

spectral intensity SI [10-11]. The optimization problem of the design parameters of LRB for railway 

simple supported bridge can be mathematically described as follows [6]. 

The objective function is 

}t))(M(x,{maxmin abs
Ttx ∈

                                                              (3.1) 

where t)M(x,  is the moment of bottom of pier; and the constrains are   

U

ii

L

i
xxx ≤≤      （ i ＝1，2，3）                                           (3.2) 

[rd]t))(x,(rdmax
j

≤
∈

abs
Tt  （ j＝1，2，3， n,� ）                           (3.3) 

Lim
SISI ≤                                                                                 (3.4) 

where the vector of design variables ],,[]x,x,[xX
1

T

321

T
αKQ

y
== ; T =the delay time of the seismic 

excitation and t∆ =the record interval of the seismic excitation,
t

n
∆

T
= ; 

U

i
x =the upper limit value of the 

design variable and 
L

i
x = the low limit value of the design variable; T

UX , T
LX =the upper limit vector and 

the low limit vector of the design variables. According to the test datum of the lead core rubber 

bearings from China Academy of Railway Science, ]1.0,N/m101,N102[X 74T

L
××=  and 

]1,N/m101,N102[X 85T

U
××= [7]; j

rd =the relative displacement between beam and top of the pier at 

different time of the seismic excitation history; [rd] =the acceptable value of relative displacement 

between beam and top of the pier. SI is the spectral intensity corresponding to the fundamental period 

of the isolated bridge, and SILim is the limit value of SI. The value of  SILim is selected as 4000mm 

according to reference [10]. 

Solution for the Parameters Optimization of LRB. The first order optimization method is 

adopted to solve the optimum problem. The fundamental theory of this method is transforming the 

common optimum problem to single unconstrained optimum problem by the mixed penalty function, 

and many analysis loops can be carried out in an optimum iteration [8, 9]. In the optimum process, the 

damping ratio of the structural system without isolation is determined as 5%. The first two 

frequencies( 1ω , 2ω ) of the system and the Rayleigh damping coefficients corresponding to the change 

of LRB design parameters can be determined by calculation.  

Optimized Results 

Three dynamic controlling parameters of LRB are taken as design variables in the optimization of 

LRB, and the limit values of the relative displacement between beam and top of the pier 

corresponding to three intensities of earthquakes are set at 2cm, 5.5cm and 10cm respectively. Three 

intensities of earthquakes are minor earthquake, design earthquake and severe earthquake. The 

optimum solutions are shown in Table 3.  
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Table 3. Design parameters of LRB and the seismic responses 

Items 

Minor earthquake Design earthquake Severe earthquake 

San 

Fernando 

El 

Centro 

Long 

Beach 

San 

Fernando 

El 

Centro 

Long 

Beach 

San 

Fernando 

El 

Centro 

Long 

Beach 

Qy(10
5
N) 1.0098 1.4468 1.3484 1.1798 2.9530 3.3285 1.050 4.386 3.464 

K1(10
7
N/m) 2.069 1.000 4.825 3.883 6.140 8.135 5.877 9.956 9.753 

α 0.354 0.123 0.085 0.302 0.116 0.167 0.339 0.126 0.184 

rd(cm) 1.94 1.77 1.93 5.47 5.37 4.81 9.99 9.92 9.26 

SI (mm) 550.2 623.0 430.1 2024.2 1730.6 1523.5 4499.8 3538.6 3104.4 

M(10
7
N·m) 0.6170 0.4051 0.7133 2.5606 2.0264 2.7638 6.2474 4.6170 5.6000 

The iteration histories of the maximum relative displacement between beam and the top of the pier, 

and the iteration history of maximum moment at bottom of the pier as well as the time-history of the 

relative displacement between beam and top of the pier for design earthquake intensity of San 

Fernando earthquake excitation are shown in Fig. 3, Fig. 4 and Fig. 5 respectively. 
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Fig. 3. Iteration history of the maximum relative            Fig. 4. Iteration history of the maximum 

displacement between beam and the top of the pier         moment at the bottom of the pier 

As shown in Fig. 3 and Fig. 4，the optimum analysis can converge quickly and obtain optimum 

solution by using first order method. The relative displacement histories corresponding to initial 

design parameters and optimum design parameters for the design intensity earthquake are presented 

in Fig. 5, and the results indicate that the maximum relative displacement can be reduced efficiently 

through the optimum of the LRB design parameters. 
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Fig. 5. Time-history of the relative displacement between beam and top of the pier 

Conclusions 

(1) The first order method is appropriate to solve large-scale dynamic optimum problem on seismic 

isolated railway bridges considering the soil-foundation interaction and running safety of vehicles, 

and it’s easy to converge in the calculation analysis. 

(2) The analysis results show that variation of the LRB dynamic controlling parameters have 

significant effects on the seismic response of the railway simple supported bridge. In order to acquire 

the reasonable parameters which meet both good vibration reduction effect and running safety 

requirement of vehicle, the dynamic optimization of the LRB dynamic controlling parameters is 

necessary and meaningful to the seismic isolation design for bridges.  
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(3) In order to enhance the optimal efficiency, the running safety can be considered out of the 

optimal process and the values of spectral intensity for the seismic input to the running vehicles can be 

checked after determining the optimal bearing parameters. Through the optimal analysis of isolated 

bridge system, the optimal design parameters of isolation bearing can be determined properly, and the 

seismic forces can be reduced maximally as meeting with the limits of relative displacement between 

pier top and beam 

(4) Optimal calculation with three practical earthquake waves as input respectively is carried out. 

The results indicate that the optimal parameters take obvious difference, so it is not appropriate using 

the optimal parameters based on only one practical earthquake wave. Further optimal design study 

should be done considering multi-earthquake waves objective function as input to obtain the optimum 

solution and ensure the safety of bridge structure and vehicle in earthquakes. 
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Abstract. Based on uncertainty theory, this paper proposes a method that constructs and analyzes 

fault tree. In this paper, it would be characterized as crisp number if fault rate of bottom event is 

obtained from reliable handbook, empirical data and so on; it would be characterized as uncertain 

variable if fault rate of bottom event has no statistical data but is obtained from expert's subjective 

judgment. The optimistic value of overall system’s top event is calculated by using uncertain 

simulation technology. Finally feasibility and validity of this method is confirmed by taking fault 

tree of internal combustion engine as example. 

1   Introduction 

Fault tree is a special inverted treelike logic graph, it describes causality among all kinds of 

events in system with event symbol, logic gate symbol and transition symbol. Fault tree analysis 

method is to analyze all kinds of factors that make system invalid to construct fault tree. It can 

determine possibility of system failure with some method and improve reliability of system by 

taking corrective action.  

The traditional fault tree analysis can effectively process massive failure events by using 

probability theory, but still has the following problems: (1) Fault tree analysis is carried on at early 

design stage of system, so it is difficult to obtain past failure data; (2) New components are usually 

used in practical application, default probability of them cannot be obtained. (3) In system involving 

persons, 20%-90% of system failures are caused by human factors, it is very difficult to be 

characterized with probability theory. Therefore the above problems are solved by using theory and 

method of fuzzy mathematics in many literature. Paper [1] depicts probability which event occurs 

with fuzzy number, carries on fuzzy fault tree analysis with fuzzy set theory and fuzzy operator, has 

overcome shortcoming that probability is difficult to be evaluated precisely in traditional fault tree 

analysis, it is a simple and effective fault tree analysis method. Paper [2] has redefined two 

suppositions in reliable theory: (1) fuzzy probability supposition: probability of event is expressed 

with fuzzy variable, namely breakdown behavior of system and composition unit is described with 

fuzzy probability; (2) two condition supposition: it is as same as traditional reliable theory. Paper 

[3],[4],[5] analyzed detailedly that how probability of top event is calculated by using triangle fuzzy 

number, trapezoidal fuzzy number, LR fuzzy number, normal fuzzy number as probability of 

bottom event. Paper [6] describes all factors with random fuzzy variable, calculates source 

opportunity that top event occurs, this method has widespread utility. 

The above fuzzy fault tree analysis methods have following insufficient: (1) The construction 

process of fault tree has not been analyzed. (2) In the actual project, it is very difficult to describe 

occurrence opportunity of fault tree's bottom event. Therefore in this fault tree analysis, it would be 

expressed with the crisp number if the fault rate of bottom event is obtained from reliable 

handbook, empirical data and so on; it would be expressed with uncertain variable obtained from 

expert's subjective judgment if the fault rate has no statistical data. The optimistic value of overall 

system’s top event is calculated by using uncertainty simulation technology. Finally feasibility and 

validity of this method is confirmed by taking the fault tree of internal combustion engine as 

example. 
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2 Preliminaries 

Definition1[8]. Let Γbe a nonempty set. L is a σ -algebra over Γ ,each element ∈Λ L  is called 

event, it is necessary to assign to each event Λ a number }{ΛΜ which indicates the level that will 

occur. The set function }{ΛΜ is called uncertain measure if it satisfies the following four axioms. 

(1) (Normality) 1}{ =ΓΜ
．  

(2) (Monotonicity) }{}{
21

ΛΜ≤ΛΜ whenever 21
Λ⊂Λ . 

(3) (Self-Duality) 1}{}{ =ΛΜ+ΛΜ c

for any event Λ . 

(4) (Countable Subadditivity) For every countable sequence of events }{
i

Λ
，we 

have
∑
∞

=

∞

=
ΛΜ≤ΛΜ

11

}{}{
i

i
i

i∪
. 

Definition2[8]. Let Γ  be a nonempty set, L  a σ -algebra overΓ，and Μ an uncertain measure, 

then the triplet ),,( ΜΓ L is called an uncertain space.  

Definition3[8]. An uncertain variable is a measurable function ξ  is from an uncertain space 
),,( ΜΓ L to the set of real numbers i.e,for any Borel set B of real number， the set 

})(|{}{ BB ∈Γ∈=∈ γξγξ ξ is an event 
Definition4[8]. An uncertain variable  is said to have a first identification function λ ,if  

(1) )(xλ  is a nonnegative function on R such that 
1))()((sup =+

≠
yx

yx

λλ
；  

(2) for any set B of real numbers, we have  
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Example1 By a triangular uncertain variable we mean the uncertain variable fully determined by 

the triplet ),,( cba of crisp numbers with cba << ，whose first identification function is 
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Definition5[8]. Let ξ  be an uncertain variable .and ]1,0[∈α .Then 

}}{|sup{)(
sup

αξαξ ≥≥= rMr
 

is called the α -optimistic value to ξ . 

3 Analysis of fault tree base on uncertain optimistic value 

The main analysis steps of fault tree base on uncertainty measure are listed as follows：  

Step1 The top event is choosed, then fault tree is constructed based on actual situation. 

Step2 The bottom events of fault tree are respectively characterized as crisp probability and 

uncertain variable, it would be characterized as crisp number if fault rate of bottom event is 

obtained from reliable handbook, empirical data and so on; it would be characterized as triangular 

or trapezoidal uncertainty variable obtained from expert's subjective judgment if fault rate of bottom 

event has no statistical data.  

Step3 The expression of top event’s uncertainty measure is expressed with “and” and “or” 

operator.   

Step4 The optimistic value of top event is calculated By using uncertain simulation algorithm.  

Step5 At last the result is analyzed. 
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4 Application of fault tree 

 

Table1 Chance that bottom event occurs 
code Basic event Chance or evaluated result 

1
q  The fault rate of 

vaporizer is low 
0.02 

2
q  The last oil is exhausted 

An triangular uncertain variable determined by triplet 

(0.06,0.08,0.1) 

3
q  Fuel box isn’t 

checked 

An trapezoidal uncertain variable determined by 

quadruplet  (0.02,0.03,0.04,0.05) 

4
q  Tubing is blocked 0.01 

5
q  Seal leakage 0.001 

6q  Piston can’t move 0.042 

7
q  Piston ring fault 0.01 

8
q  Spark plug fault 

An triangular uncertain variable determined by triplet 

(0.08,0.09,0.1) 

9
q  Line fault 

An triangular uncertain variable determined by triplet 

(0.04,0.05,0.06) 

10
q  Magnet motor fault 0.02 

This chapter describes analysis method of fault tree base on uncertainty measure with example in 

lecture 
[11]

. 

The estimated value about chance that basic event of internal combustion engine’s fault tree 

occurs is illustrated as Table 1,every bottom event in fault tree is described with probability and 

uncertain variable. 

In order to educe objective function about chance that top event occurs, the following definition 

is introduced. 

Definition 6(“and”operator[2]) 

∏
=

=⊗⊗=
n

i
inand
qqqqQ

1
21
�

. 
(1) 

i
q is chance that event i occurs，  is uncertain variable．  

Definition 7 (“or”operator[2]) 

)1(1
1

21 ∏
=

−−=⊕⊕=
n

i
inor
qqqqQ �

. 
(2) 

i
q is chance that event i  occurs， ．is uncertain variable  

The following expressions are obtained from Fig.1, if every basic event is absolute. 

DCBE ⊕⊕= . (3) 

4event1event ⊕⊕= AB . (4) 

3event2event ⊗=A . (5) 

7event6event5event ⊕⊕=C . (6) 

10event9event8event ⊕⊕=D . (7) 

The chance that the above bottom events occur are expressed with i
q
， the chance value that 

actual event happens is introduced to formula (2) and (6) 

053.0
)1)(1)(1(1

765

765

=
−−−−=

⊕⊕=
qqq

qqqC

. 
(8) 

142 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



It is obtained from formula (2) and (7) 

)1)(1(98.01
)1)(1)(1(1

98

1098

1098

qq
qqq

qqqD

−−−=
−−−−=

⊕⊕=

. 

(9) 

It is obtained from formula (1) and (5) 

3232
qqqqA =⊗= . (10) 

It is obtained from formula (2) and (4) 

 
 

Fig. 1.  Fault tree of internal combustion engine 

)1(97.01
)1)(1)(1(1

32

41

41

qq
qAq

qAqB

−−=
−−−−=

⊕⊕=
.   (11) 

The objective function of top event is obtained from (2)(3)(8)(9)(11) at last.[9],[10] 

)1)(1)(1(91.01
)1)(1)(1(1

9832
qqqq

DCB
DCBE

−−−−=
−−−−=

⊕⊕=

. 
  (12) 

The optimistic value of chance that top event of internal combustion engine’s fault tree occurs is 

calculated according to uncertain simulation algorithm. When α changes from 0 to 1 by taking 0.1 

as step, the relation between optimistic value of chance that top event occurs and α is shown in 

Figure 2. We can know that optimistic value of chance that top event occurs reduces with 
α increasing. We also discover that optimistic value of chance that top event occurs changes most 

quickly when F increases from 0 to 0.3, so it is the most effective to carry on the control at this 

stage. How to control ? Because the situation is very complex, we shall study and discuss about it in 

the future. 

5 Conclusions  

This paper proposes concept of uncertain fault tree and construction method. In this fault tree, it 

would be characterized as crisp number if fault rate of bottom event is obtained from reliable 

handbook, empirical data and so on; it would be characterized as uncertainty variable obtained from 

expert's subjective judgment if fault rate of  bottom event has no statistical data. The optimistic 

value of overall system’s top event is calculated by using uncertain simulation technology. Finally 

feasibility and validity of this method is confirmed by taking fault tree of internal combustion 

engine as example. 
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Fig. 2.  Relation between top event's optimistic value and F 

References 

[1] Yuge Dong, Wenyu zhu, Xinzhao Chen: Analysis and application of fuzzy fault tree. submitted 

to Journal of HeFei Industrial University(1996) 

[2] WuZhuang, ShiZhu, Xingui He:Analysis method and application base on fuzzy set. Submitted 

to Journal of Systems Engineering and Electronic Technology(2000) 

[3] YongchuanWang, Wenxian Yu: Research of fuzzy tree analysis method based on fuzzy fault 

rate. Submitted to Journal of Systems Engineering Theory and Practice(2000) 

[4] Xiaoyang Hua, Fuzzy fault tree analysis.( Shanghai Jiao Tong University press ,1995) 

[5] Shizhu,Xingui He: Reliability analysis method based on arithmetic operation of fuzzy number: 

submitted to Journal of Systems Engineering and Electronic Technology(1999) 

[6] Haiguang Chen,Xianyi Cheng: Analysis and application of random fuzzy fault tree: submitted to 

Journal of Computer Engineering and Application(2008) 

[7] Liu Y K and Liu B：Random fuzzy programming with chance measures defined by fuzzy 

integrals: submitted to Journal of Mathematical and Computer Modelling(2002) 

[8] B. Liu：Theory and Practice of Uncertain Programming, 2nd ed.(Springer-Verlag,Berlin, 2009) 

[9] Baoding Liu, Ruiqing Zhao, WangGang: Uncertainty Programming and Application.(Tsinghua 

University press,China,2003) 

[10] Zadeh L A: Fuzzy sets. Submitted to Journal of Information and Control(1965) 

[11] Wenyu Zhu, Mechanism Reliability Design. (Shanghai JiaoTong University Press,China, 

1992） 

 

144 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



Research on E-commerce platform and modern logistics management 

system based on knowledge management platform 

Cao Xu-hua1, WANG Fu-zhong2 

School of Economic and Management, Zhejiang University of science and technology,  

Hangzhou 310023, China 

1
Morefast@126.com , 

2
Wfz212126@126.com 

Keywords：knowledge management; E-commerce platform; modern logistics management system 

Abstract：For the stored data of E-commerce platform and modern logistics management system, 

which is very difficult to form knowledge’s continuity and inheritance, about its researches on the 

related fields are insufficient, so the paper proposes an idea of constructing E-commerce platform 

and modern logistics management system based on knowledge management platform. Moreover, for 

a practical example, the paper introduces its application. 

Introduction 

Since Sveiby proposed the concept of knowledge management in 1986, the related researches about 

knowledge management have been growing in foreign and domestic. In the related researches, some 

researchers divided the life circle of knowledge management into four stages: knowledge creating, 

knowledge acquiring, knowledge organizing and knowledge spreading and sharing, every stage was 

also researched. Anjali Bakhru(2004) studied the effects that knowledge management putting on 

organization abilities[1]. Some researchers also studied the research progress, such as Miller, Ron. 

Econt (2005) summarized the research progress for knowledge management. Armour, Georgina 

(2005)reviewed and analyzed the research development trends[2]. Moreover, Liebowitz (1999), 

Fleenor, John (2005), Hou J.L(2005) also had studied the knowledge management for a long time, 

the research contents included many aspects existing in enterprises’ knowledge management[3], [4]. 

The domestic researches about the knowledge management have been growing, the main 

research reasons are related to a great amount information and data. The knowledge management 

extracts the great amount data from large-sized database, by transferring and reorganizing them 

based on the decision topic to form a special data store mode, by further using datamining and 

knowledge discovery technology to manage and analyze the information, at last, the great economic 

benefits will be made. 

Literatures reviewing and analyzing 

General speaking, E-commerce is the producing, marketing, selling and circulating based on the 

electronic information network, which not only means the deal on the internet, bus also means the 

business activities by the information technology to solve the practical problems, such as: cutting 

down the cost, adding the value and creating the business opportunities. E-commerce includes a 

series of trade activities from the purchasing of raw material, the exhibiting of products, the 

ordering and storing of products and electronic paying and so on[5]. Moreover, Ma Qingguo(2000) 

© (2011) Trans Tech Publications, Switzerland
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pointed out that the E-commerce based on the internet had a revolutionary significance, which was 

a main form of E-commerce[5]. Because E-commerce has a great competition advantage, more and 

more enterprises use it to rebuild the traditional methods and circulating channels, so the 

development of E-commerce produces great logistics demands and promotes the development of 

logistics industry(Dong Jiwen, 2004). 

For the cognition of logistics, the scientific logistics theory began about several decades ago, 

after the development of many years, logistics has a great contribution to the society[6]. Nowadays, 

the batch data that the E-commerce platform and modern logistics management system store is 

independent, which is difficult to satisfy the demands of knowledge continuity and inheritance, but 

the knowledge management can make good use of its advantages to satisfy the demands. From the 

related research achievements, some scholars have done some jobs, which are shown as follows: 

Henry M. Kim(2000) modeled the sharing knowledge of an enterprise and studied the integration 

solving method of E-commerce[7], Martin, William J. (2001) studied the knowledge role content in 

E-commerce[8], Smirnov, Alexander el al.(2003)studied the knowledge source network configuring 

method in the knowledge logistics[9]. Cheung, C. F. el al.(2005)studied the inventory management 

based on knowledge in the production logistics[10]. From the foreign researches, there are many 

achievements related to E-commerce and knowledge management, logistics and knowledge 

management. However, the domestic research achievements are still scarce. According to the 

development of China’s E-commerce and logistics industry, the domestic researches about them are 

very difficult to satisfy the demands of China’s E-commerce and logistics industry. 

Based on the above literatures reviewing and analyzing, this paper constructs the E-commerce 

platform and modern logistics management system based on knowledge management platform. 

The research of E-commerce platform and modern logistics management system based on 

knowledge management platform 

Research background 

A cocoon and silk exchange market J has become the center of China’s cocoon and silk 

exchange and price information, with the growing of exchange scale, some problems appeared and 

showed as follows: (1)Warehouses are insufficient. (2)The current information system of cocoon 

and silk exchange market J is difficult to satisfy the demands of international operation.  

Based on these problems, the cocoon and silk exchange market J is urgent to use the advanced 

information technology to construct the international cocoon and silk E-commerce platform and its 

logistics system, whose aim is to enlarge the marketing and innovate the exchange functions, and 

improve the warehouses efficiency. Obviously, if the cocoon and silk exchange market J wants to 

have a good competition advantage, the market J must emphasize the core value of clients. In fact, 

there are many difficulties in front of market J: (1)Facing with more and more clients, how to guide 

them to communicate with the cocoon and silk exchange market J? (2)Because every client has a 

different business status, how to promote the business and risk management for it? (3)How to 

provide the best service to attract the clients and strengthen their loyalties? (4)How to cut down the 

cost under the condition of maintaining clients’ loyalties? 

In order to solve the above problems and difficulties, this paper proposes the construction plan 

of E-commerce based on knowledge management platform. 

Knowledge management 

The paper proposes a process figure about knowledge management, which is shown in figure 

1: 
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c o l l e c t i n g
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K n o w le d g e  b a s e

K n o w le d g e  
s ta n d a rd i z in g

K n o w le d g e  
s t o r i n g  

  

Figure 1. A process figure about knowledge management 

In the process of knowledge management, the knowledge source means the information 

provided or released by competitors, clients, members, suppliers, after the knowledge collecting, 

knowledge should be extracted, and some useful information should be classified, coded, 

standardized and stored in the knowledge base at last. In figure 1, the knowledge evaluating 

includes the knowledge collecting and extracting performances and knowledge usefulness will be 

evaluated, which are very important for users who can select the useful knowledge. 

The knowledge collecting, knowledge extracting, knowledge evaluating processes are shown 

in figure 2. 
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Figure 2. The knowledge collecting, knowledge extracting, knowledge evaluating processes 

   In figure 2, the KES means the knowledge evaluating system, after knowledge evaluating, some 

useful evaluation information can be produced.  

The general structure of the E-commerce platform based on knowledge management 

platform 

The paper constructs the general structure figure, which is shown in figure 3: 
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Figure 3. The E-commerce platform structure based on knowledge management platform 

In order to realize the data transferring and sharing in the E-commerce platform, the design of 

the E-commerce platform uses the ebXML technology to satisfy the integration demands of 

Shaobo Zhong, Yimin Cheng and Xilong Qu 147WWW.BEHSAZPOLRAZAN.COM



 

different data source. The core of the E-commerce platform based on ebXML is a knowledge 

management platform, who can satisfy the demands of knowledge continuity and inheritance, the 

international application interfaces can satisfy the demands of international business. The search 

engine can improve the searching speed of information, which can provide the convenience to users 

and improve the clients’ satisfaction levels. 

The system structure of E-commerce platform and modern logistics management system 

based on knowledge management platform 

   The system structure of E-commerce platform and modern logistics management system based 

on knowledge management platform is shown in figure 4. 

O u te r  l a y e r :  b u s in e s s  m a n a g e m e n t  s y s t e m s

C o r e  l a y e r :  k n o w le d g e  m a n a g e m e n t  p l a t f o rm

S ta t i s t i c a l  s y s t e m
M a r k e t i n g  

f o r e c a s t i n g  s y s t e m

C l i e n t  e v a lu a t i n g  

s y s t e m

D a ta m i n in g  s y s t e m

C o r e  l a y e r :  b u s in e s s  m a n a g e m e n t  s y s t e m s
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a g e n t  s y s t e m

I n te r n a t i o n a l  

l o g i s t i c s  
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S a f e ty  s u p p o r t  s y s t e m  
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N e tw o r k  s u p p o r t  l a y e r
 

      Figure 4. The system structure of E-commerce platform and modern logistics management 

system based on knowledge management platform 

In the figure 4, the system structure includes the core layer, outer layer and support layer. The 

core layer includes knowledge management platform and business management systems, the outer 

layer includes business management systems and the support layer includes safety support system, 

software and hardware layers and network support layer. The knowledge management platform in 

the core layer includes a statistical system, marketing forecasting system and client evaluating 

system. The three systems run on a data warehousing system, by using the datamining technology 

to produce the statistical, forecasting and client evaluating information. The main functions of 

knowledge management platform are to provide the decision support for the core layer business 

management systems, the data warehousing system in the knowledge management platform plays a 

key role in the communications between the E-commerce platform and modern logistics 

management system. The business management systems in the core layer, which include a logistics 

scheduling optimization system(LSOS), client service management system(CSMS), logistics 

information service system(LISS), distributed warehousing management system(DWMS), 

distributed transportation management system(DTMS), business information service system(BISS) 

and business exchange system(BES). All systems in the business management system in the core 

layer run on the E-commerce platform. The business management systems in the outer layer, which 

includes a notice service system, mobilephone platform, international logistics freight agent system, 

international logistics custom system and financial system, these systems use the interface systems 
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to do the data exchanging and processing with the core layer business management systems. 

Especially for the mobilephone platform, the owners of vehicles and goods can query their 

transportation information on it. 

Conclusion 

For E-commerce platform and modern logistics management system, both of them have 

difficulties to form knowledge’s continuity and inheritance for the great amount data, the paper is 

based on the advantages of knowledge management and uses it to construct the E-commerce 

platform and modern logistics management system. Firstly, the E-commerce platform structure 

based on knowledge management platform is constructed, secondly, the system structure of 

E-commerce platform and modern logistics management system based on knowledge management 

platform is also constructed. Especially for the system structure of E-commerce platform and 

modern logistics management system based on knowledge management platform, the paper divides 

it into three layers and analyzes them. According to the analysis for the system structure, obviously, 

the system structure has many advantages and can realize an effective coordination for the 

E-commerce platform and modern logistics management system. 

The above construction idea has been applied to the cocoon and silk exchange market J, 

although many functional modules in the construction idea have been used in the market J, the 

practical economic effects still need time to verify. 
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Abstract. This paper provides chance-constrained programming EOQ (Economic Order Quantity) 
model for inventory based on uncertain measure. In the model, the ordering cost, shortage cost and 
holding cost per unit are assumed uncertain variables. When the parameters are some special 
uncertain variables with uncertainty distribution such as linear uncertain distribution and normal 
uncertain distribution, the model can be transformed into crisp equivalent programming. To illustrate 
the effectiveness of the model, some numerical examples are provided. 

1 Introduction 

Inventory theory is a branch of operational research. EOQ is one of fixed order quantity models, 
which determine the optimal selling period and order quantity. EOQ model was first proposed by 
Harris [1] in 1915, which gave the order quantity so as to meet customer service levels while 
minimizing the total inventory cost. There are many results about EOQ model from EOQ model was 
proposed. 

A number of authors have studied the EOQ model when the parameters are random. Chen [2] 
developed an EOQ model under random demand. Liberatore [3] studied the EOQ model where the 
uncertainties in the lead time were represented stochastically. 

In recent years, several researchers applied the fuzzy sets theory to EOQ models. Roy and Maiti [4] 
extended the classical EOQ model by introduced fuzziness both in the objective function and 
constraints of storage. Vujosevic [5] and Park [6] provided a fuzzy EOQ model by the fuzziness of 
ordering cost and holding cost. Chen and Wang [7] developed an EOQ model where the demand, 
ordering cost, holding cost and backorder cost are represented by trapezoidal fuzzy numbers. The 
fuzzy EOQ model with backorder was presented by Chang and Yao [8], where the backorder quantity 
was fuzzy. Ouyang and Yao [9] proposed a mixture inventory model with variable lead time, where 
demand is fuzzy variables. Production inventory problems were studied by Lee and Yao [10] where 
the demand and order quantity are represented by fuzzy sets. Yao and Chang [11] and Wang et al. [12] 
discussed inventory problems without backorder, where the order quantity and total demand quantity 
are represented by trapezoidal fuzzy numbers. 

The above literatures dealt with the problem in stochastic or fuzzy environment. In many cases, the 
uncertainty behaves within the domain of neither randomness nor fuzziness. Most human decisions 
are made in the state of uncertainty. This fact provides a motivation to study the behavior of uncertain 
phenomena. In order to model uncertainty, Liu [13] founded an uncertainty theory that is a branch of 
mathematics based on normality, monotonicity, self-duality, countable subadditivity, and product 
measure axioms. In this paper, chance-constrained programming EOQ model for inventory is 
provided when the ordering cost, shortage cost and holding cost per unit are assumed uncertain 
variables. Then the optimum of model is solved when the parameters are some special uncertain 
variables with uncertainty distribution such as linear uncertain distribution and normal uncertain 
distribution.  
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2 Preliminaries 

Let Γ  be a nonempty set, and let Α  be a σ -algebra over Λ . Each Α∈Λ  is called an event. In order 
to provide an axiomatic definition of uncertain measure, it is necessary to assign to each event Λ  a 
number }{ΛΜ , which indicates the level that Λ  will occur. In order to ensure that the number }{ΛΜ  
has uncertain mathematical properties, Liu [13] proposed the following four axioms: 

Axiom 1 (Normality) 1}{ =ΓΜ . 

Axiom 2 (Monotonicity) }{}{ 22 ΛΜ≤ΛΜ  whenever 21 Λ⊂Λ . 

Axiom 3 (Self-Duality) 1}{}{ =ΛΜ+ΛΜ c  for any event Λ . 

Axiom 4 (Countable Subadditivity) For every countable sequence of events iΛ , we have 

∑
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=
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}{}{
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i
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iU                                                                                                               (1) 

Definition 1 (Liu [13]) The set function M is called an uncertain measure if it satisfies the 
normality, monotonicity, self-duality, and countable subadditivity axioms. 

It is known that a random variable can be characterized by a probability density function and a 
fuzzy variable may be described by a membership function. Similarly, an uncertain variable may be 
described by uncertain distribution. 

Definition 2 (Liu [13]) The uncertainty distribution Φ  of an uncertain variable ξ  is defined by 
}{)( xx ≤Μ=Φ ξ  for any real numberξ . 

Definition 3 (Liu [13]) An uncertain variable ξ  is called linear if it has a linear uncertainty 
distribution 
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denoted by ),( baL  ,where a  and b  are real numbers with ba < . 
Definition 4 (Liu [13]) An uncertain variable ξ  is called normal if it has a normal uncertainty 

distribution 
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denoted by ),( σeΝ  where e  and σ  are real numbers with 0>σ . 
Definition 5 (Liu [13]) Let ξ  be an uncertain variable, and )1,0(∈α . Then 

}}{|inf{)(inf αξαξ ≥≤Μ= rr                                                                                                    (4) 

is called the α -pessimistic value to ξ . 

3 Chance-Constraint Programming EOQ Model 

In order to describe and analyze the problem, we suppose that the time of supplement is longer and 
shortage is permitted. First, the notations used in the paper are listed below. 

R : demand per unit time; 
P : product number per unit time; 
t : selling period, a decision variable; 
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1t : the time of product starting; 

2t : the time of shortage is zero; 

3t : the time of product ending; 

1ξ : holding cost per unit, a uncertain variable; 

2ξ : shortage cost per unit, a uncertain variable; 

3ξ : ordering cost per unit, a uncertain variable; 

iΦ : uncertainty distribution of iξ ,i=1,2,3; 

),,,( 321 tf ξξξ : the total cost per period. 

Then the EOQ model is given by 

tt
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Since the ordering cost, shortage cost and holding cost per unit are uncertain variables, the total 
cost is also an uncertain variable. The target of EOQ model is to find the optimal selling period and 
order quantity such that the total cost is minimal. Assume that we believe the pessimistic value 
criterion. If we want to maximize the pessimistic value subject to some chance constraints, the 
chance-constrained programming is as follows: 
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where α  is specified confidence level, and min f  is the α -pessimistic return. 

4 Model Solutions 

The traditional solution methods require conversion of the objective function and the constraints to 
their respective deterministic equivalents. As we know, this process is usually hard to perform and 
only successful for some special cases. Let us consider the following forms of the uncertain ordering 
cost, shortage cost and holding cost per unit. 

Case 1. Suppose that the holding cost, shortage cost and ordering cost per unit are uncertain 
variables 3,2,1),,(~ =ibaL iiiξ , then ),,,,( 2321 ttf ξξξ  is uncertain variable. In accordance with the 

properties of uncertain variable with linear uncertainty distribution, the deterministic equivalent of 
Eq.6 is as follows. 
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Then the optimal selling period and order quantity are as follows. 
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Case 2. Suppose that the holding cost, shortage cost and ordering cost per unit are uncertain 
variables 3,2,1),,(~ =ieN iii σξ , where ie  and iσ  are real number with 0>iσ .  Then we have 
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Then the optimal selling period and order quantity are as follows. 
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5 Numerical Examples 

Assume that the demand per unit time is R=10, the product number per unit time is P=15, the 
specified confidence level is α =0.8. 

Example 1. If the holding cost, shortage cost and ordering cost and unit per unit time are uncertain 
variables with linear uncertainty distribution. Let them be )5,3(~1 Lξ , )7,5(~2 Lξ , )4,2(~3 Lξ . 

Then, we have 
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Example 2. Assume that the holding cost, shortage cost and ordering cost per unit time are normal 
uncertain variables. Let them be )6,4(~1 Nξ , )7,5(~2 Nξ , )5,3(~3 Nξ . Then, we have 
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6 Conclusions 

In this paper, chance-constrained programming model for inventory is provided when the ordering 
cost shortage cost and holding cost are assumed to uncertain variables. In order to solve the proposed 
model by traditional methods, we studied the crisp equivalents when the ordering cost shortage cost 
and holding cost are some special uncertain variables. Finally, some numerical examples are given to 
verify the effectiveness of the model. 
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Abstract: Macao managed for over 400 years to develop Iberian characteristics in the city together 

with the Chinese characteristics; it has formed an organic urban fabric reflecting ecological 

principles original from different places, that could easily to be adopted under tropic circumstance, 

The study focus on the researches of how these elemental principles should be, and how to develop 

and maintain those ecological principles. Survey was done on existing data from three different 

sources, namely 1) graphic images and maps, 2) documents archives, 3) archeological findings. The 

paper contributed for the knowledge would not only helpful to Macau modern urban renewal, but 

also benefit to relevant projects on ecological city plan.   

1. Preface  

Macau is a small city located in the southern of China, which was found as Portuguese colony 

from the moment of 1557. Under such development background, Macau urban evolution was 

influenced by Sino-Latin culture. In 2005 Macau historical architecture group was listed into world 

cultural heritage by UNESCO, the precious architectural treasure reflects some ecological principles 

in construction methods and decoration details, it 

could be useful to study and restore carefully in 

Macau urban modern renewal to fulfill the 

sustainable development.  (Refer with Fig.1.)   

Macau urban fabric and architectural form not 

only reflect the influences by different cultures, but 

also show us some vernacular ecological principles 

which original from Chinese and Portuguese 

tradition. In general, the ecological principles are 

important rules in Macau city evolution throughout 

almost 500 years, it’s still valuable in urban 

modern renewal process nowadays.   

2. Design combined with nature  

In the early time, Macau urban fabric have some characters of irregular and organic forms 

which are similar with medieval cities in European, especially in the evolution background, urban 

tissues, and the cities meanings; this urban fabric has been evolved and adapted for long time, 

because “comparing with regular square grid urban road planning, it’s more efficient and 

reasonable.” Some of considerable features in urban planning include geomorphology, economy, 

living condition, ideology, military defense, etc.   

Macau old city center locates in sloped highland; obviously, the road network is influenced by 

the terrain.  The main road is planed along with contour line and shore line, for examples: Rua da 

Pedra --- Rua da Palmeria  --- Calcada das Sortesalong with the Sali mountain; Rua de Santo 

Antonio --- Rua de  S.Paulo ---Rua da Palha --- Rua da S.Domingosalong with Portaleza Do Monte, 

furthermore, Rua da Praia --- Rua da Barao --- Rua da Alfandega --- Rua das Mercadores --- Rua 

 

 Fig.1. Macau urban imagine in 17 century.  

Picture from Macau Archive Office.  
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dos Ervanarios --- Rua das Colonos along with  Macau western shore line to build.  All those 

curved organic roads form the framework of urban transportation network.   

  

Fig.2. Macau city center has good relationship with nature.  

Picture from Macau archive office and redrew by Pinheiro. F.V.  

In the network pattern, the road paved along with terrain, connecting with some open spaces, 

then creating a good urban fabric and ecological environments. Those buildings located in different 

levels; therefore, there have good ventilation and sunshine individually.  Furthermore, using local 

materials and traditional construction mythology is another good way to harmonized with 

environment. This is the “simple ecological principle” which defined by the famous modernism 

architect frank Wright
1
, that is also emphasized by another famous architect Le Corbusier, namely 

“initial ecological principle”
2
.  (Refer with Fig.2.)   

3. Utilization of open space 

Macau historical center is narrow sharp which includes complex function, for examples: 

residential building, market, administration building, religion building, and military construction.  

Those buildings arranged along with the “main street” to connect with different open spaces which 

could contain different urban function. Normally, buildings create a boundary of a community, the 

interior is backyard opposite against the street, if necessary, and the new extension will be built in 

this area. “At first, the residential building was two or three levels, continuously arranged along 

with circumambience of backyard, sometimes the interior contains a yard touching with main 

building…, this kind building continued along with whole community.” “The building is not only 

for living but also for workshop, store, and counting house…, ” this urban formation  reflects 

outside activity intention in medieval ages, but also, the continuing building elevation provide 

integrated and beautiful façade of the street.  

This is an efficient urban pattern in which of utilizing spatial resources in limited area, 

combining with different functions to create a harmony community. (Refer with Fig.3.)    

                                                           

1. Wright thought that architecture is a living organic, his design has intention to create a good relationship with nature, 

furthermore to integrate his designed building with nature properly. Wright insisted that design is dynamic process, no 

architecture is totally finished. It influences ambience and customers all the time. In his book “The Natural House” he 

emphasized that architectural integrity is so important, which should integrate building location, materials, and 

customer daily living.  

2. In Le Corbusier book “Towards a New Architecture”, he loved outdoor living and sports, therefore, those two living 

features became characters in his design works, one is focus on simple living and freedom, the other is paying attention 

with nature. In 1922 he designed the “real estate building”, it shows us the simple and thrift, every department has 

individual garden, it’s easy to feel the nature. Look through the garden, the customer have good views of woods and 

greens, and touch carefully with nature.  
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Fig.3. the open space play important role in urban function, most of them have efficient multi-function.  

Picture from IACM and redrew by WU Yao 

4. Principles in architecture design 

Basically, Macau local building could divide into Chinese style, western style, and hybridized 

style which parts original from china or/and other parts from western countries.  Some architecture 

is good at spatial utilization, construction, details, all those methods could well suit with local 

climate, especially in hot summer, there often has good nature ventilation and lighting, and some 

principles still go into effect in modern architecture design.  

 
Fig.4. Some traditional ecological methods in western style building --- corridors, stilts, sun-shutter, small garden, etc.  

Picture took and redrew by Pinheiro. F. V.  

The western style villa located in aveniad do conselheiro Ferreira de almeida,which have 

adaptive changes from western building merging into local, and has been identified as “Macanese 

colonial style”. (Refer with Fig.4.)   

The building as above is classical Renaissance style, which have characters of good proportion, 

rich details, using arch and classical architectural order. In first and second level, there have 

corridors that are useful to protect sunshine in hot climate, meanwhile, it built on stilts to enhance 

the ventilation, the front garden provide visual and psychological buffer zone to connect with Noise 

Street, which created peaceful and cheerful environment around the whole building.  Some building 

details and interior decoration were also adjusted by the local hot climate, for examples, Portuguese 

shutter windows, flower pattern pierced ceiling, etc.   

Some Chinese traditional residential buildings are also good example for the ecological 

principles. For example The Lu Mansion located near the cathedral square3, using the atrium and 

lofty storey height for the ventilation, and all windows open to the atrium, the shadow can cool the 

fresh air then flow into the interior. (Refer with Fig.5.)   

                                                           

3. The Lu Mansion   near cathedral square has southern Chinese style, which was built by wealth trader Lujiu in 1889, 

the building was divide into 20 parts in 1910,  in 1960s Macau government restored this building and finished it in 

2004, then be listed into world cultural heritage in 2005. After restoration it became workshop or exhibition hall of folk 

custom.  Because of small volumes（336M2）, limited visitor could allowed come in at same time, at second floor 10 

people allowed  stay at same time.  
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Fig.5. Some traditional ecological methods in Chinese style building ---narrow atrium, lofty storey height, etc.     

Picture took and drew by Pinheiro. F.V. 

5. Some issues in Macau urban renewal  

     
Fig.6. Restored imagine of Macau in the early of 20 century, nowadays the peninsular is around by high-rise building 

belt.  

Picture took and redrew by Pinheiro, F.V  

In the end 70s and 80s of last century, great many immigrant came into Macau, so real estate 

has tremendous development, therefore, Macau traditional urban fabric and construction model 

were totally changed. The land reclamation formed new out harbor, in this new area high-rise was 

built for office and residence. As consequence, it create a giant high-rise wall to block oceanity 

seasonal winds to flow into the interior of peninsular, the favorable ventilation corridor of 

peninsular is broken. It is difficult to eliminate pollution; the ecological urban fabric was changed.  

(Refer with Fig.6.)   

Moreover, because of over-developed and lack of general planning, some ugly contemporary 

buildings without culture characters were constructed in the historical area; obviously it’s harmful 

to the heritages cultural and ecological values. The Mandarin House 
4
 is just under such situation 

and need to be rehabilitated urgently. (Refer with Fig.7.)   

           
 

Fig.7. The real model of mandarin house and ambience.  

Picture took by Pinheiro, F.V.  

                                                           

4 The mandarin house was built in 1887, the owner is famous thinker Zheng Guanyin in Qing Dynasty, whose 

thoughts have deeply influenced Emperor Guangxu, Sun Zhongshan, Mao Zedong,. In his well-know book “warnings 

to a prosperous ages” (1893), he suggested to learn western countries advanced technology, ideology, science, 

economy, culture, foreign policy to prompt Chinese modernism. This building was built by his father, in 1893 Zheng 

Guanyin father died, then the building divided into 3 parts for three sons.   
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6. Ecological methods in urban renewal. 

After consideration in Macau traditional fabric and construction method, there are some 

ecological principles which could adopted in the urban renewal as bellows. 

1. Reducing the high-rise construction and keeping the low building density around the shore 

side belt to maintain the ventilation corridor throughout peninsular.  

2.  Taking carefully consideration on using of the vernacular ecological methods in the new 

construction to reduce the using of non-renewable resources, for example, using the natural 

ventilation, sun-shading, etc.  

3. Urban green coverage is one of important features of ecological characters, because of big 

population and high density in the city center, the green area is not enough to the public. A potential 

way to increasing urban green coverage is rooftop virescence; owner should get some compensation 

by government for using the rooftop area.  
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Abstract: Considering that impact motion is not only a function of time but also dependent on 

phase-angle, we suppose the non-linear response of the vibro-impact system with time-varying mass 

is a function dependent not only on different time scale but also on the phase parameter. An 

approximate analytical solution of second order for the vibration is obtained by using Multi-Scales 

Method. The feasibility is verified by the numerical solution using Runge-Kutta algorithms. It is 

shown that the motion of the variable mass system has periodic behavior with the period of the 

changing mass, and the mass variation can only influence the system amplitude but not its cycle. 

However, the bigger the mass factor varies, the more intensive the response enlarges, and vice versa. 

The method and findings may be useful to analyze similar vibration systems with impact dampers or 

design the vibration control strategy. 

Introduction 

The differential equation of motion can be described as  

tFkx
dt

dx
c

dt

dx
tm

dt

d
ωsin])([ 0=++                       (1) 

Where m(t) is the mass of vibration system； c is damping parameter；k  is stiffness coefficient；ω  

is excited frequency；F0 is the amplitude of exciting force; x is the displacement of vibration 

system; t  is time. 

The mass of the vibration system is a time-varying function as discussed by Wang [1]. It can be 

written as:                        )]sin(1[)( 1 ϕωε ++= tmtm a                       (2) 

Where m1 is the constant of mass, ε is the variation coefficient of time-varying mass and is a small 

parameter, φ is a constant, ωa is the frequency of the time-varying mass, relating to the forcing 

frequency ω as ωa =ω/n with n is an integer. 

Vibration system featuring time-varying mass can be found widely in industry such as chemical 

process, dispersive particle system, transportation, civil engineering, celestial mechanics, etc.[2]. 

Many approximate procedures have been developed to find solutions for second order nonlinear 

differential equations, such as the Multiple-Scales Method [3], the Krylov-Bogolubov method [4,5], 

and the method of harmonic balance [6], etc. These methods are extended for solving the second 

order nonlinear differential equation with complex function and constant parameters. But using 

these methods one may encounter difficulties of solving variable coefficient differential equations 

like Eq. 1. 
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To solve these problems, we suppose that the non-linear response of the vibro-impact system is a 

function dependent not only on different time scale but also on the phase parameter, considering 

that impact motion is not only a function of time but also of spatiality. By using Multi-Scales 

Method we obtained an approximate analytical solution of second order for the vibration. The 

feasibility is verified by the approach using Runge-Kutta numerical algorithms. The periodic 

behavior and the influence of mass changing on the system response are discussed in some detail 

according to the approximate solutions proposed. 

1. Approach by The Multi-Scales Method 

The differentiation of Eq.2 with respect to time gives m'(t)=εm'0(t), Where (')=d/dt and   

)]'[sin()(' 10 ϕω += tmtm a . 

Letting  c/m(t)=2εζω0(t) , and F0=εF,  we can re-written Eq.1 as: 

t
tm

F

dt

dx

tm

tm
txt

dt

xd
ωεζωεω sin

)(
]

)(

)('
)(2[)( 0

0

2

02

2

++−=+                     (3) 

Eq. 3 can be simplified as the general form of parametric excitation:  

                       ),()( 0

2

02

2

t
dt

dx
fxt

dt

xd
ωεω =+                                   (4) 

Where )(/)(2

0 tmkt =ω .  

The analysis is based on the procedures of Multiple-Scales Method. However, we express the 

solution as a function of both different time scale and phase parameter, instead only introducing 

different time scale as usual. That is 

          ���� +++= ),,,(),,,(),,,( 212

2

211210 TTxTTxTTxx ψεψεψ                   (5) 

Where Tn is a time variable, ψ is a phase variable, and Tn=εnt for n=1,2,3…, dψ/dt=ω0(t). 

Because x  is a function of phase and time with multi-scale, we have:  
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To simplify the calculation, we will find an approximate solution to second order. Substituting 

Eq.5, 6a and 6b into Eq.3 and respectively equating the coefficients of ε0
, ε1 

and ε2 
to zero, we 

obtain: 
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Letting tωθ = , we get the solution of zero order approximation from Eq. 7a in the form： 

)exp(),()exp(),( 21210 ψψ iTTAiTTAx −+=
—

                          (8) 

Where A is an unknown complex function of amplitude and Ā is the co njugate complex of A. 

Substituting Eq.8 into Eq.7band eliminating the terms that produces secular terms in x1 yields 
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Because of m'0/m=-2ω'0/εω0, from Eq. 9, we get:  
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Let                           )exp(1 θiconix ⋅⋅−=                                (11) 

Where con  denotes a constant. 

Substituting Eq. 11 into Eq. 9 yields   
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Substituting Eq. 8 and Eq.13 into Eq.7c and eliminating the secular term from 2x , we assume:  
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The differentiation of Eq. 10 with respect to 1T gives: 
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Substituting Eq. 10 and Eq. 15 into Eq. 14, we obtain: 
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Writing A  in the form: 
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Where α(t) and β(t) are real functions of T1 and T2. It follows that 
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Substituting Eq. 10, Eq. 16 into Eq. 18, we separate the result into real and imaginary parts 

respectively and obtain: 
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Substituting Eq. 8 and Eq.13 into Eq. 5 and using Eq.17，we obtain the second order approximation 

solution as follows:  
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Where )(tα  and )(tβ can be obtained from Eq.19a and Eq.19b.  

2. Numerical Method Approach 

Eq.1 can be rewritten as a system of three first order differential equations: 
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Where m(z)=m1[1+εsin(ωaz+φ)]  and  m'0(z)=m1ωacos(ωaz+φ). 

 Runge-Kutta method of four-orders was introduced to get numerical solutions. 

3. Comparison and discussions 

  Following parameters were used for the calculations to compare the solutions of the 

Multiple-Scales Method with that of the numerical one:                                                                                

m1=100kg，F0=2.33kN，c=1.13kN·s/m，k=39.2kN/m，ω=100.53rad/s，ωa=ω/6, φ=π/4.[7] 

As demonstrated in Fig.1, the responses of the two different methods show very good consistence, 

manifesting that the modified Multiple-Scales Method is valid. 

 

Fig.1 Response-time curves obtained analytical (Aa) and numerical (An) for ε=0.1 

(——)  Aa     (○○○)  An 

3.1 Influence of the time-varying mass parameter ε on the system response 

Fig.2 shows the response and time relation of the system obtained by Multiple-Scales Method for 

various values of the small parameter ε. One can see that the response features periodic behavior. It 

is important to recognize that ε is decisive to the amplitude magnification, although it did not 

influence the period. To further observe the contribution of ε to the motion, we represented the 

response determined by different ε in the same vibration period, as shown in Fig.3, and its local 

magnified pattern near the peak area is illustrated in Fig.4.  

Obviously, the more the mass factor changes, that is, the bigger the coefficient ε, the more 

intensive the response enlarges, and vice versa. In other words, time-varying mass may be the main 

source causing the system non-stationary; this claim is consistent with [8]. 
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(a) ε=0.05                (b)  ε=0.1                    (c)  ε=0.2                (d)  ε=0.3 

Fig.2 Response-time curves determined by different ε  
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3.2 Influence of the time-varying mass frequency 

Fig.5 is the influence of the time-varying mass frequency ωa on the system response in time 

domain, where we assume the mass factor is constant of ε=0.1, while ωa=ω, ω/3, ω/6 and ω/12, 

respectively.  

We can see that the period of response increases with the decreasing of ωa. For quantitative 

analysis, we plotted the response-time curves of the system with different ωa in the same 

time-history, as shown in Fig.6. 
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Fig.5 Responses-time curves of the system with different ωa  

Let T0，T1，T2 and T3 be the response periods, whenωa=ω, ω/3, ω/6 and ω/12, respectively. We 

can see that T1 =3T0，T2 =6T0 and T3 =12T0. Thus, the response period is equal to that of the 

time-varying mass. 

Fig.3 The response-time curves of the 

system with differentε  

Fig.4 Local magnified pattern of response-time 

curves of the system with differentε  

(a) ωa=ω (b) ωa= ω/3 

(c) ωa=ω/6 (d) ωa=ω/12 
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Fig.6 Local magnified pattern of response-time curves of the system with different aω  

(——) ωω =a
  (—●—) 3/ωω =a

   (–– ––) 6/ωω =a
  (-------) 12/ωω =a

 

4. Conclusion 

We used a modified Multiple Scales Method to solve the differential equation with time varying 

mass in that we express the solution as a function of both different time scale and phase parameter. 

By using Multi-Scales Method we obtained an approximate analytical solution of second order for 

the vibration. The feasibility is verified by the approach using Runge-Kutta numerical algorithms. 

We show that the motion of the variable mass system has periodic behavior with the period of the 

changing mass, and the mass variation can only influence the system amplitude but not its cycle. 

However, the more the mass factor varies, the more intensive the response enlarges, and vice versa. 

The method and findings may be useful to analyze similar vibration systems with impact dampers 

or design the vibration control strategy. 
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Abstract. It is now well known that many large-sized complex networks obey a scale-free power-

law vertex-degree distribution. Here, we show that when the vertex degrees of a large-sized network 

follow a scale-free power-law distribution with exponent γ  ≥ 2, the number of degree-1 vertices, if 

nonzero, is of order N and the average degree is of order lower than log N, where N is the size of the 

network. Furthermore, we show that the number of degree-1 vertices is divisible by the least 

common multiple of γ
1k , γ

2k , . . ., γ
lk , and  l is less than log N,  where l = 1k  < <<�2k  lk  is the 

vertex-degree sequence of the network. The method we developed here relies only on a static 

condition, which can be easily verified, and we have verified it by a large number of real complex 

networks.  

1. Introduction 

Complex systems consisting of many components with intrinsic interactions are ubiquitous in 

nature and human society [1-5]. Components and interactions in such systems can be modeled by 

vertices and edges of networks, respectively, which in turn can be represented by graphs. A graph 

has a set of vertices and a set of edges, where each edge is defined by a pair of vertices [6].  

Two typical models of complex networks have been studied extensively [1-9]: the scale-free 

model of Barabási and Albert [1] and the small-world model of Watts and Strogatz [2].  

The small-world model features localized clusters that are connected by sparse long-range edges, 

leading to a short average distance between vertices which grows logarithmically with the network 

size. Watts and Strogatz [2] revealed the underlying mechanism as how a regular network can be 

transformed into a small-world network without significantly modifying the vertex-degree 

distribution. 

Scale-free networks, on the other hand, show heterogeneous vertex connectivity, in which a 

fraction of vertices are highly connected. Barabási and Albert [1] demonstrated that the scale-free 

power-law distribution of vertex degrees in many large-sized networks is a direct consequence of 

two generic mechanisms that govern the network formation: (i) network expansion over time 

through addition of new vertices; (ii) preferential attachment of new vertex to those existing ones 

that are already highly connected.  

In this paper, we focus on scale-free networks. We first establish some characteristic conditions 

for scale-free networks and show that these conditions are easy to verify and can be satisfied by 

many natural and man-made scale-free networks. We then show that the number of degree-1 

vertices is divisible by the least common multiple of γ
1k , γ

2k , . . ., γ
lk , with l less than log N,  where 

1 = 1k  < <<�2k  lk  is the degree sequence of the network. We consequently propose a way to 

reorganize a scale-free network so as to equip it with some small-world features. We finally verify 

the model by a large number of real network examples. 
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2. Some new features of scale-free networks 

Assume, throughout, that all the networks under consideration are connected; unconnected 

networks may be similarly studied therefore are not discussed.  

Let N and M be the numbers of vertices and edges, respectively, and P(k) be the probability 

distribution of the number of vertices of degree k in the network. Let A denote the average vertex 

degree and kn  be the number of degree-k vertices. Clearly, 2M = NA is a good approximation and 

kn = NP(k). The following identities follow directly from the above definitions: 

∑
−

=
=

1

1

N

k k Nn                                                                                                                   (1a) 

∑
−

=
=

1

1
2

N

k k Mkn                                                                                                             (1b) 

For scale-free networks, typically 1n ≠ 0, so one has  

)1(/)(1 PkPnnk =                                                                                                            (2) 
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For scale-free networks, P(k) = P(1) γ−k , which and (3a) together give  

1

1

1
/ nNk

N

k
=∑

−

=

−γ                                                                                                          (4) 

Therefore, assuming γ ≥ 2, as is in many scale-free networks [3, 4], one obtains  
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For large-sized scale-free networks, typically 
1n  is very large, so the above implies that N ≈ 

1n . 

    Now, let f(k) = P(k)/P(1). Then, when N ≈ 
1n , equations (3) yield 
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For γ ≥ 2, one has 
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Therefore,  
 

NA 2log1 ≤<                                                                                                                                       (8) 

Thus, we have shown that for scale-free networks with power-law exponent γ ≥ 2, the number of 

degree-1 vertices, if nonzero, is of order N and that the average degree is of order less than log 2 N.  
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The above analysis leads to a general approach to reorganizing scale-free networks, satisfying k
γ 
= 

n1/nk. Assuming that this equality is actually exact and noting that its right-hand side is a rational 

number, one can show that k
γ
 must be an integer dividing n1. Thus, n1 must be divisible by the least 

common multiple of γ
1k , γ

2k , . . . , γ
lk , denoted as ],...,,[ 21

γγγ
lkkk , where 1= k1 < k2 < . . . < kl is the 

degree sequence of the network. Let 0],...,,[ 211 ≠= γγγ
lkkkcn  for some constant c . In the present case 

of 2≥γ , one can easily obtain the estimate )2(

211 2222],...,,[ −≥×××≥= l

lkkkcn γγγγγγγ
� , 

which gives an estimate )2(

1 2 −≥ ln γ . Consequently, it follows from 12log)2(loglog 2122 −≥−≥> llnN γ  

another estimate that Nl 2log≤ .Note that the above is a theoretical estimate. Numerically, due to 

measurement errors existing in raw data sets, we could only verify some slightly different bounds, 

namely 
2

2 )log( Nl ≤ , for many real scale-free networks are not exact, as can be checked from the 

real data given in the Appendix.  On the other hand, the conclusion will have many important 

applications such as maximal degree search in networks [9] and small world feature [5]. 

3. Reorganizing scale-free networks 

In this section, we propose a method to reorganize a given scale-free network, so that it has both 

scale-free and small-world features, if it originally was not a small-world network (it is well known 

that not all scale-free networks are also small-world networks). 

We start with an arbitrary scale-free network, and do the following grouping. 

Let 1 = k1 < k2 <<�  kl be the vertex-degree sequence of the given network, and group all 

vertices of degree k together, labeled it as 
kB , so the whole set of vertices is ∪

l

i k i
BV

1=
= .  

We then classify the whole set of edges according to two types of their connections: (1) the intra 

connections in each 
ik

B  and (2) the inter connections between 
ik

B and 
jk

B , ji ≠ . Since the 

network is connected and 
1B  is the set of vertices of degree 1, it is clear that the vertices in 

1B  must 

be connected to other 
ik

B with 1≠i .  For 2≥i , the spanning subgraph of
ik

B in the network may be 

disconnected. But, when all the connected components of the spanning subgraph of 
ik

B  are small-

world subnetworks for 2≥i  and are connected to
jk

B with ji ≠ , the entire network has small-world 

features, since l  and A  are in the same order and the latter was shown in (8) in the order of N2log , 

which is a typical small-world property. 

    Thus, the resulting network maintains the original scale-free features, since nothing has been 

changed structurally, and yet possesses additional small-world properties as a whole [5]. 

4. Verification by some real networks 

We have verified our method of remodeling by a large number of diverse real networks including 

social, biological and artifact networks, as summarized in Tables 1 and 2.   

 Table 1. Number of vertices (N), number of edges (M), average degree (A), characteristic 

exponent (γ ) in some real networks. 

Network    N     M   A  γ  

Internet 10,687 31,992 5.98 2.5 

Film actors  449,913 25,516,482 113.43 2.3 

Metabolic network 765 3686 9.64 2.2 

Protein interactions 2115 2240 2.12 2.4 

 

Table 1 lists the parameters N, M, A, and γ for several real scale-free networks [3, 4]. It can be 
easily verified that A ≈ ½ log 2 N (5 log 2 N, log 2 N, and log 2  log 2 N) for the Internet (film actors, 
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metabolic, and protein interaction networks), respectively. Table 1 shows some real examples from 

diverse domains of technological networks, social networks, and biological networks, therefore is 

representative. 

Various types of software graphs are shown in Table 2. The data presented in Table 2 further 

verify our remodeling method and results obtained above.  On the other hand, the Ythan network, 

for example, has γ = 1.04, which is much below the lower bound 2 used to establish our results 

above.  

Table 2  N vs n1 and A vs log 2 N for some real complex networks. 

Networks N M n1 A n1/N A/log
2
N 

XMMS s  971 1802 300 3.711637 0.309 0.374 

AbiWord s  1035 1719 447 3.321739 0.432 0.332 

MySQL s  1480 4190 258 5.662162 0.174 0.538 

Linux s  5285 11352 1200 4.295932 0.227 0.347 

NCSTRL 6396 15872 894 4.963102 0.140 0.393 

Ythan b  135 596 7 8.829630 0.052 1.248 

Elegans b  314 363 203 2.312102 0.646 0.279 

* For software networks superscribed with s, see www.tc.cornell.edu/~myers/Data/SoftwareGraphs/ 

index.html, for the data on biological networks superscribed with  b, see www.cosin.org/extra/data, 

and the data of NCSTRL, a scientific collaboration network, is provided by Mark E. J. Newman [7-

8]. 

5. Conclusion 

In this paper, we have shown that when the vertex degrees of a large-sized network follow a 

scale-free power-law distribution with exponent γ  ≥ 2, the number of degree-1 vertices, if nonzero, 

is of order N and the average degree is of order lower than log N, where N is the size of the network. 

Furthermore, we have shown that the number of degree-1 vertices is divisible by the least common 

multiple of γ
1k , γ

2k , . . ., γ
lk , with l less than log N,  where 1 = 1k  < <<�2k  lk  is the vertex-degree 

sequence of the network. Consequently, we have proposed a remodeling method to equip a scale-

free network with small-world features. We have finally verified the method and results by a large 

number of real complex networks.  

In the future, it is worth further investigating scale-free networks with power-law exponent γ  < 2 
and search in networks.  
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Appendix 

Data of 7 complex networks used in this paper 

 Network N M l log 2  N n1 n4 kl nl 

1 Xmms 971 1802 28 9.923 300 95 36 1 

2 abiword 1035 1719 29 10.015 447 64 89 1 

3 mysql2 1480 4190 43 10.531 258 140 220 1 

4 Linux 5285 11352 51 12.368 1200 615 1058 1 

5 ncstrlwg2 6396 15872 42 12.643 894 741 79 1 

6 2004Internet 18408 33963 121 14.168 6505 667 2303 1 

7 2009Internet 31164 63226 172 14.928 11325 1299 2283 1 
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Abstract: E-Yuan Home multimedia system is used to help user to enjoy, search and integrate the 

plenty of multimedia resource on the internet. It used TV as the output device and user can watch 

the multimedia resource at real-time. It’s fully controlled by a remote controller and also has a very 

friendly user interface. This article introduces its infrastructure, main technical ideas and you can 

also see some details about the remote control driver and how to solve the garbled characters 

problem. 

Overview  

Currently, Supporting RSS becomes more popular on the Web2.0 sites, RSS has become the 

most successful XML application in Web2.0. With the high speed of Internet bandwidth, the rapid 

growth of the Internet and the rapid increasing quantity of bandwidth user, the internet real-tine 

media industry should have a bright feature. 

E-Yuan Home multimedia system is used to help user to enjoy, search and integrate the plenty 

of multimedia resource on the internet. It used TV as the output device and user can watch the 

multimedia resource at real-time. It’s fully controlled by a remote controller and also has a very 

friendly user interface. In addition, the system also supports to play video, audio files or browse 

the images in the removable storage media. 

System Introduction   

E-Yuan Home multimedia system based on embedded systems , because it wants to minimize 

the costs.  

Embedded systems is undoubtedly the most popular areas of IT applications, especially with 

the intelligent household electrical appliance. As we are usually familiar with mobile phones, 

electronic dictionaries, video phone, MP3 players, digital video (DV), high-definition television 

(HDTV), game consoles, smart toys are typical of embedded systems.  

E-Yuan Home multimedia system separates into two parts (Hardware part and software part).  

System Hardware Structure  System hardware includes: motherboard, power supply, memory, 

hard drive, infrared remote control and the system enclosure.  

The major part of system hardware is an industrial motherboards. Usually an Industrial 

motherboard designs for an fixed use and not easy to expend its function. With the market 

requirements of the board become more complex, it requires industrial motherboard has a strong 

expansion capabilities to meet different customer needs.  

This system picks up J7F2WE1G5D embedded high-performance motherboard. The 

following is the main advantage of this board:  

VIA CN700 chipset supports VIA C7 ® family of processors, using high bandwidth V4 bus, 
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support for DDR2 memory mode, integrated VIA UniChrome ™ Pro IGP core, using 

ChromotionCE video display engine, hardware MPEG-2 playback, support for a variety of digital 

video formats, support for a resolution of 1080p, HDTV, DVI or TV encoder compatible, supports 

2GB bandwidth DDR2 533 or DDR400 memory, high-speed V-Link interface VIA VT8237A 

South Bridge chip, transmission speeds of up to 533MB / s, support SATA, SATA II and V-RAID 

device, provides two COM interfaces and eight USB2.0 interface, supports RAID 0, RAID 1 and 

RAID +1 arrays, support for VIA Vinyl HD Audio, VIA Velocity controller supports high 

throughput amount of Gigabit Ethernet.  

System Software Structure  System software includes the embedded Linux operating system 

and its applications. Linux operating system is the most successful applications in the embedded 

field. After the hardware design is complete, we need software to achieve every kind of functions. 

The value-added of embedded system largely depends on the level of the embedded software 

application. That is the intelligence level of products is determined by the software.  

The system software design has two major works: (1) Drivers for all hardware on linux. (2) 

The search algorithm based on the internet video and audio resources. Software system includes 

the base subsystem, multimedia subsystem, and human-computer interaction subsystems.  

Functional description of each subsystem are as follows:  

Base subsystem: Contains the basic library and some base functions. Other subsystems 

depends on this subsystem.  

Multimedia Subsystem: The core subsystem, including all media-related input and output 

functions.  

HCI subsystem: allows the users to quickly and easyly interact with the system.  

System data flow control principle shown in Fig.1. (MMS means Multimedia Subsystem) 

 

Fig.1 System data flow control principle 

IMS is the core of the system design. The principle framework shown in Fig.2.  

 

Fig.2 The principle of MMS 
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Main technical characteristics  

Adjusting instruction architecture according to the cpu on the motherboard Adjusting the 

linux kernel hardware instruction architecture according to the cpu on the motherboard to let the 

software system and hardware system work together more smoothly, as shown in Fig.3.  
The design and implementation of internet resources integration, optimization functions One 

of the two major characteristics of this system is that users do not need computers. With a 

broadband connection, user could search and real-time view online video through a TV.  
In order to automatically search for the internet video and audio resources, the most important 

is to design algorithms to classify the video and audio resources and output the result as channels.  

By using technology in WEB2.0 RSS subscription feature, system could gather the video and 

audio resources to every channel and instantly create the topic part of the search results view, so 

users can choose to play or download to the local storage. RSS-based work flow as shown in Fig.4.  

 

Fig.3  Adjusting the linux kernel hardware instruction architecture 
according to the cpu on the motherboard 

 

Fig.4  RSS data work flow 

Development of remote control drivers  The another feature of this system is: easy to use. The 

system uses infrared remote control, young and old, are available through a simple remote control 

to watch video, music and photos.  

No computer, do not use the keyboard and mouse, all operations are replaced by an infrared 

remote control, so the remote control driver is most important. The system relies on linux input 

subsystem framework and try the best to make remote control more powerful and stable.  

Register hardware device    By calling function Input_register_device and 

Input_Unregister_device, driver layer register or remove from the input devices subsystem. Here is 

some sample code: 

struct input_dev remote_dev; 

static int __init remote_init(void) 

{   memset(&remote_dev, 0, sizeof(struct input_dev)); 

    init_input_dev(&remote_dev); 

    …… 

    input_register_device(&remote_dev); 

    return 0; 

}  

Get video page list from RSS 

According to video page URL, 

get the finial video URL 

Get RSS Page 

Get the channel list 

X86  

Linux OS 

Power Mips 

AMD ARCH Intel ARCH Via ARCH 

E_Yuan  ARCH 

…… …… 

Shaobo Zhong, Yimin Cheng and Xilong Qu 173WWW.BEHSAZPOLRAZAN.COM



Registration Input Handler   Before creating the device nodes, Event Handler layer need 

to register for a class of input device event handlers and related interfaces. Here is some sample 

code.  

static struct input_handler remotedev_handler = {    event:  remotedev_event, 

 connect:  remotedev_connect, 

 disconnect: remotedev_disconnect, 

 fops:  &remotedev_fops, 

 minor:  REMOTEDEV_MINOR_BASE, 

 ……}; 

…… 

Improve the system code to solve the garbled character problem  To support all the languages 

in the world, needs a strategy with 8-byte character encoding character encoding system, its 

characters should be more than ASCII (a way to use unsigned byte extended version) 2 ^ 8 = 256 

characters. Unicode is a character coding system so that it has the 128-D group (With a character 

encoding scheme by a number of ways to support the 94,140 characters) consisting of 

four-dimensional code space, the most popular in the Linux character encoding program is that the 

Unicode transforms to format UTF-8.  

Linux system does not support the transformation between the UTF-8 and the popular 

Chinese character coding systems, therefore, in the data exchange will be a lot of issues (such as 

problems in the Chinese character display), need special functions to resolve the differences, about 

the transformation between UTF-8 character set and the popular character sets. The following is a 

sample function structure:  

 

size_t wcsrtombs (char *dest, const wchar_t **src, size_t len, mbstate_t *ps); 

size_t mbstowcs(wchar_t *pwcs, const char *s,size_t n); 

int wcwidth(wchar_t wc); 

…… 

int Uni2UTF(wchar_t wchar, char *utf8)  

{…… 

   return len;} 

Conclusion  

Innovation of this article: Using the RSS subscription of WEB2.0 technology, designed a new 

algorithm, integrating the internet video and audio resources for the user and user could enjoy the 

resources directly on the TV at real-time. With the high speed of Internet bandwidth,  the rapid 

growth of the Internet and the rapid increasing quantity of bandwidth user, the internet real-tine 

media industry should have a bright feature and I believe this system has a wide marketing 

prospect. Thanks. 
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Abstract. Some properties of strong Ding projective ,injective and flat modules are studied and some 

connections between  strong Ding projective ,injective and flat modules are discussed . At last, these 

properties under change of rings are considered. 

Introduction 

Unless stated otherwise, throughout this paper all rings are associative with identity and all 

modules are unitary modules. Let R  be a ring. We denote by R -Mod (Mod- R )the category of 

left(right) R -modules respectively. For any R -module M , pd )(MR ,id )(MR and fd )(MR denotes 

the projective ,injective and flat  dimension of M .  

When R  is two-sided noetherian, Auslander and Bridger [1] introduced the G -dimension, 

G -dim )(MR  for every finitely generated R -module M . Several decades later,  Enochs and Jenda 

[2.3] extended the ideas of Auslander and Bridger and introduced three homological dimensions, 

called the Gorenstein projective, injective and flat dimensions.  These have been studies extensively 

by their founders and by Avramov, Christensen, Foxby, Frankild, Holm, Martsinkovsky, and Xu 

among others over arbitrary associative rings. They proved that these dimensions are similar to the 

classical homological dimensions; i.e., projective,injective and flat dimensions respectively. 

D.Bennis and N.Mahdou [4] studied a particular case of Gorenstein projective, injective and flat 

modules, which they call respectively, strongly Gorenstein projective, injective and flat modules. 

They proved that every Gorenstein projective (resp.Gorenstein injective, Gorenstein flat) module is a 

direct summand of a strongly Gorenstein  projective (resp. strongly  Gorenstein injective, strongly  

Gorenstein flat) module. Yang and Liu proved in [5] that a module M  is strongly Gorenstein 

projective(resp. injective, flat)if and only if  so is HM ⊕  for any projective(resp.injective,flat) 

module H  and they continue the study of the properties under change of rings. Specially,  they 

consider completions of rings, Morita equivalences, polynomial extensions and localizations. 

In a recent paper [6], for any 1>n , Bennis and Mahdou introduced the notions of n -strongly 

Gorenstein projective and injective modules, Then they proved that an n -strongly Gorenstein 

projective module is projective if and only if it has finite flat dimension. They also gave some 

equivalent characterizations of n -strongly Gorenstein projective modules in terms of the vanishing of 

some homological groups. 

J.Gillespie in [7] introduced the definition and basic properties of Ding injective ,projective and 

flat module ,which play the role of fibrant  and cofibrant objects over Ding-Chen rings. 

     In this paper,  based on the results mentioned above,  we study a particular case of Ding projective, 

injective and flat modules, which they call respectively, strongly Ding projective, injective and flat 

modules. and investigate the relation among them. At last, we study these properties under change of 

rings.  

The rest of the text is organized as follows：some definitions and theorems will be introduced in 

section 2; the main results of strongly Ding projective, injective and flat modules are described in 

section 3;  
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 Preliminaries and Notations 

  In this section, we introduce and study some definitions and basic  properties which are defined as 

follows. 

Definition 1.([7])  A right R -module E is a called FP-injective if  Ext ),(1 EFR =0 for all finitely 

presented modules F . More generally, the FP-injective dimension of a right R-module N  is defined 

to be the least integer  0≥n  such that Ext ),(1 EFR
n+  = 0 for all finitely presented right R-modules F . 

The FP-injective dimension of N is denoted FP-id(N ) and equals ∞  if no such n  above exists. 

We now introduce and look at basic properties of Ding injective modules. They also appear in [8] 

as “Gorenstein FP-injective modules”. We refer the reader to [7] for more results, including results 

concerning existence of covers  and  envelopes. 

Definition 2.([7]) We call a right R -module N  Ding  injective ( for short SD-injective) if there 

exists an exact sequence of injective modules �� →→→→→
10

01 IIII  with 

)ker( 0

0 IIN →= and which remains exact after applying Hom ),( −ER  for any FP-injective module 

E . We denote the class of Ding injective modules by  DI; 

We call a right R -module M  strongly Ding  projective( for short SD-projective) if there exists an 

exact sequence sequence of projective modules �� →→→→→
10

01 PPPP with 

)ker( 0

0 PPM →=  and which remains exact  after applying Hom ),( FR −  for any flat module F . We 

denote the class of Ding projective modules by DP; 

We call a right R -module M  Ding flat if there exists an exact sequence of flat modules 

�� →→→→→
10

01 FFFF  with )ker( 0

0 FFM →= and which remains exact after applying  

−⊗RE  for any  FP-injective  module E . We denote the class of  Ding flat modules by DF. 

Remark 3. ([7])By definition, Ding injective modules are Gorenstein injective. When R is 

Noetherian the two notions coincide; Ding projective modules are Gorenstein projective. 

The Main Results 

Definition 4. We call a right R -module N strongly Ding  injective ( for short SD-injective) if there 

exists an exact  sequence �� →→→→→ IIII fff  with I  injective and fN ker= and 

which remains exact after applying Hom ),( −ER  for any FP-injective module E . We denote the class 

of  strongly Ding injective modules by  SDI; 

We call a right R -module M  strongly Ding  projective( for short SD-projective) if there exists an 

exact sequence �� →→→→ PPP ff with P  projective and fM ker=  and which remains 

exact  after applying Hom ),( FR −  for any flat module F . We denote the class of  strongly Ding 

projective modules by SDP. 

Remark 5.  By definition, strongly Ding injective modules are Ding injective ; strongly Ding 

projective modules are Ding projective. 

By definition, Ding injective modules are Gorenstein injective. When R is Noetherian , strongly 

Ding injective modules are  strongly  Gorenstein injective modules; When R is perfect , strongly Ding 

projective modules are  strongly  Gorenstein projective modules. 

Using the definitions, we immediately get the following results. 

Proposition 6. (1).If IiiM
∈

)(  is a family of  SD-projective modules, then  iM⊕  is SD-projective. 

(2).If IiiN
∈

)(  is a family of SD-injective modules, then  iN⊕  is  SG-injective. 

The next result gives a simple characterization of the SD-projective modules. 

Proposition 7.  For any  ∈M mod- R ,the following statements are equivalent: 

  (1)M  is SD-projective; 
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(2) There exists an exact sequence: 00 →→→→ MPM  in mod- R with P  projective , and 

Ext ),( FMR
i =0  for any 1≥i  and any flat module  F ; 

(3) There exists an exact sequence: 00 →→→→ MPM  in mod-R with P  projective , and 

Ext ),( FMR
i =0  for any 1≥i  and any module F  with finite flat  dimension . 

Proof.  Using standard arguments, this follows immediately from the definition of SD-modules. 

Dually, we give a simple characterization of the SD-injective modules. 

Proposition 8.  For any  ∈N mod- R ,the following statements are equivalent: 

  (1) N  is SD-injective; 

(2)There exists an exact sequence: 00 →→→→ NIN  in mod- R  with I injective , and 

Ext ),( NER
i =0 for any 1≥i  and any FP-injective module  E ; 

(3)There exists an exact sequence: 00 →→→→ NIN  in mod- R with I  injective , and 

Ext ),( FMR
i =0  for any 1≥i  and any module E  with finite FP-injective dimension . 

Proposition 9.  Let R  be a commutative ring and Q a projective R -module. If M is an 

SD-projective R -module, then QM R⊗   is an SD-projective R -module. 

Proof. There is an exact sequence 00 →→→→ MPM R with P  projective. 

Then 00 →⊗→⊗→⊗→ QMQPQM RRR  is exact and QP R⊗  is a projective R -module by 

[9, Ch. 2, 1 Theorem 3]. Let F  be any flat R -module. Then Ext ),( FQM RR
i

⊗ = 

Hom ),(,( FMExtQ i

RR = 0  by [10, p. 258, 9.20] for all 1≥i . Hence QM R⊗   is an SD- projective 

R -module. by  Proposition 8. 

Definitions  10.  We call a right R -module M   strongly Ding flat if there exists an exact sequence 

�� →→→→→ FFFF fff  with F  flat and fM ker= and which remains exact after 

applying  −⊗RE  for any  FP-injective  module E . We denote the class of strongly Ding flat 

modules by SDF. 

Also, similarly to Proposition 7 and  8, we have the following characterization of the SD-flat 

modules. 

Proposition 11. For any ∈M mod- R ,the following statements are equivalent: 

(1)M  is SD-flat; 

(2) There exists an exact sequence: 00 →→→→ MFM  in mod- R with F  flat, and 

Tor ),( MIR

i =0  for any 1≥i  and any  FP-injective module I  ; 

(3) There exists an exact sequence: 00 →→→→ MFM  in mod- R with F  flat, and 

Tor ),( MIR

i =0  for any 1≥i  and any module F  with finite FP-injective  dimension . 

Proposition 12. Let R  be a left coherent ring.  Then any SD-projective right R -module M  is 

SD-flat. 

Proof. Let M  be an SD-projective right R -module. By definition there exists an exact sequence  

�� →→→→ PPP ff  with P  projective , fM ker=  

and which remains exact after applying Hom ),( FR −  for any flat module F . Let E  be an 

FP-injective left R -module. Since R  is left coherent, +E  is a flat right R -module by Theorem 2.2 of  

[11].  So  applying  Hom ),( +
− ER we get the exact sequence                

0),(),(),(0 →→→→→
+++ EPHomEPHomEPHom RRR . 

But this is naturally isomorphic to +
⊗→ )(0 EP R 0)()( →⊗→⊗→

++ EPEP RR . 

Therefore EP R⊗→0 0→⊗→⊗→ EPEP RR   is  exact, proving M  is a SD-flat right 

R-module. 

Theorem 13.  Let R  be right coherent  and  M  is an SD-flat left R-module ,then +M   is an 

SD-injective right R -module. 

Proof. There exists an exact sequence 00 →→→→ MFM   in R -Mod with F flat. 

Then 00 →→→→
+++ MFM   is exact in Mod-R  and +F is injective. Let I be an FP-injective 
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right R -module. Then Ext ),( +MIR
i  =Tor +),( MIR

i = 0 for all 1≥i , and henceM  is an SD-injective 

right R -module. 

Proposition 14.  Let R  be a commutative ring and  M  a flat R -module. If M  is an SD-flat, then 

QM R⊗ is an SD-flat R -module. 

Proof.  There is an exact sequence 00 →→→→ MFM in R -Mod with F  flat.. Then 

00 →⊗→⊗→⊗→ QMQFQM RRR is exact and  QF R⊗ is flat R -modules.    Let I  be any 

FP-injective R -module and  F  be  a flat resolution of I , Then                   

Tor ),( IQM RR
i

⊗ = (iH )QM R⊗ IR⊗ ≅  Tor ),( IQM RR
i

⊗ =0  

for all 1≥i ,  Since IQ R⊗ is an FP-injective R -module. Hence  QM R⊗ is an SD-flat R -module. 

Proposition 15. Let R  be a commutative ring.  If M  is an SD-projective R -module, then ][xM  

is an SD-projective ][xR -module. 

Proof.  There is an exact sequence 00 →→→→ MPM  where P  is projective. So 

0][][][0 →→→→ xMxPxM is exact in ][xR -Mod and ][xP  is a projective ][xR -module. Let Q  

be any flat ][xR -module. Then ][xQ ≅ ][xR QR⊗ ≅
)(NR QR⊗ ≅  )(NQ . Hence ][xQ  is a flat 

][xR -module, and so Q  is a flat R -module by [11, Proposition 5.11]. Thus Ext )],[(][ QxMi

xR ≅ Ext 

),( QMR
i =0  by [12, p. 258, 9.21] for all 1≥i , and hence ][xM  is an SD-projective ][xR -module. 
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Abstract. Concept lattice and rough set are powerful tools for data analyzing and processing, has 

been successfully applied to many fields. However, the decision information is incomplete in many 

information systems. In this paper, the definition of incomplete concept lattice has been proposed, and 

some relation established between imperfect concept lattice and rough set. As is very important that 

the paper gives a new attributes reduction algorithm about incomplete concept lattice aims at the 

matter of the inefficient of reduction strategy based on discernibility matrix. Comparing with the 

attributes reduction for incomplete concept lattice which based on discernibility matrix, this reduction 

algorithm, reduces the spatial-temporal complexity. 

Introduction 

Concept lattice theory, also known as formal concept analysis (FCA)[1,2], proposed by R.Wille 

in1982, while the rough set theory (RST)[3,4] is proposed by Z. Pawlak in the same year. As two 

different decision-making methods, FCA established the hierarchy of concept according to the binary 

relation between object and attributes. The process of generated concept lattice from data set is a 

process of conceptual clustering [5]; In addition, the concept lattice by Hasse diagram lively and 

simple reflects the relationship between concept of generalization and specialization [6].At present, 

the concept lattice has been successfully used in many machine learning tasks, and many concept 

lattice construction algorithms has been established, and widely used in information retrieval, digital 

library, software engineering and knowledge discovery [7]. RST is a mathematical tool used in deal 

with fuzzy and uncertain knowledge, its basic idea is summarized the concepts and rules through 

knowledge base categories, and theoretical basis is equivalence relations [6]. One of the main 

advantages of rough set is that it does not require any preparation or additional information about the 

data. For example, the probability distribution in statistics, the basic probability assignment of 

DempsterShafer theory, the membership of fuzzy set theory [8]. Concept lattice as a powerful tool for 

data analysis and dealing has a rapid growth in recent years [7].  Many previous studies on the concept 

lattice are only based on the complete concept lattice [5-7, 9-11]. However, under restrictions of 

experimental conditions and level there was a problem in the process of building intelligent expert 

system in practical problems, this problem is many systems’ information is incomplete, that’s some 

attributes’ value of certain objects may be default. This will affect the range of data analysis and 

problem-solving accuracy that using of the concept lattice method [15]. Therefore, is very important 

study on concept lattice based on incomplete information. In addition, there were lots of similarities 

between the concept lattice and rough set, and attracted many researchers concerned the relationship 

between them [5-7, 9-11]. Discussed the relationship between RST and FCA has a great significance. 

On the one hand, enriched and developed the theory of RST and FCA. On the other hand, we can 

better understand the data analysis and data rules through established interoperability between the two 

theories [10]. This paper combines the basic definition of concept lattice and incomplete of 

information systems, put forward the definition of incomplete concept context、incomplete concept 

and incomplete concept lattice. Then explore the links between incomplete concept lattice and rough 

set, established the links between incomplete concept lattice and rough set theory in incomplete 

information systems.  
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In particular, attribute reduction is a very important issue in the concept lattice theory and rough set 

theory [3, 11, 16-18]. The problem can be defined as found attributes number is N in the initial 

attributes, its number is M ( N not more thanM ), used to describe the original data set. The 

improved discernibility matrix used in concept lattice of attribute reduction algorithm has been 

established [11].Whether discernibility matrix idea used in attribute reduction of incomplete concept 

lattice? In addition, construct the discernibility matrix very large and computing capacity, and 

reduction based on discernibility matrix strategy inefficient [19]. This paper attempts to establish a 

new attribute reduction algorithm of incomplete concept lattice, that scientific answer to these 

questions. 

Incomplete concept lattice 

Definition 1: (Incomplete context) ( )( )BSimDU ,, is a incomplete context.where, { }nxxxU �,, 21= is 

a set of objects. { }ndddD �,, 21= is a set of attributes. ( )BSim is binary relation between U and 

D . ( ) DUBSim ×⊆ . x has attributes of d  and whether x has attributes ofd that we can not get from 

the process of observation indicats by ( ) ( )BSimdx ∈, ). ( ) ( )BSimdx ∉,  indicats x  hasn’t attributes 

ofd . 

Definition 2: (Incomplete concept) ( )( )BSimDU ,, is a incomplete context. ( )UPX ⊆∀  and 

( )DPY ⊆∀  is a binary group ( )YX ,  satisfy two conditions ( ) YXf =∗ and ( ) XYg =∗
.We called 

( )YX ,  is a incomplete concept. X is the extension of incomplete concept. Y  is the connotation of 

incomplete concept.where, ∗f and ∗g are two maps between ( )UP  and ( )DP : 

( ) ( ) ( ){ },,|, yBxSimXxDyXfUPX ∈∀∈=∈∀  

( ) ( ) ( ){ },,|, yBxSimYyUxYgDPY ∈∀∈=∈∀  

Definition 3: ( )kL∗  indicats a set of all concepts in context, and all elements in ( )kL∗  can establish 

a partial order. If ( )kL∗ has two elements ( )111 ,YXH =
∗

and ( )222 ,YXH =
∗

.  

Stipulate: 211221 XXYYHH ⊆⇔⊆⇔≤
∗∗

  

 “≤” is a partial order in ( )kL∗  can be verified facilely, and it induces a lattice structure on 

( )kL∗ .Now we called ( )( )BSimDU ,,  is a incomplete concept lattice. 

Interoperability between incomplete concept lattice and rough set  

Theorem 1: Each node of the incomplete concept lattice was a similar class of rough set, and each 

node is a set with the largest collection of objects that has common attribute. 

Proof: Because the context is incomplete in the incomplete concept lattice, and the nodes of the 

lattice can be divided into two parts: One part is all objects of this incomplete concept ( )�,2,1=ixi , 

The other part is the attribute values of objects that can not distinguish under the attribute of id .So the 

set of objects that came from node of lattice can not distinguish under the attribute of id ; Similar 

class ( )xSB  can not distinguish under the attributes also,and ( )xSB is the largest collection of objects 

Indistinguishable from x  in terms of ( )xSB . 

Theorem 2: ( ) ( ) ( ){ }kLYXYBXBSIM ∗∈⊆= ,,|sup∪  if ( )( )BSimDU ,, is a incomplete context, 

DB ⊆ , and ( )BSIM is a similar relationship family determined by B (a attribute set).    ( )Xsup  

indicats least upper bound of all concept in X . 

Proof: Because the similar relationship family ( )BSIM  can be indicated that: 

( ) r
Br

BSIM
∈

=
∩

 

Therefore theorem is right. 
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Theorem 3: Upper and lower approximation of  rough set can be indicated by node of incomplete 

concept lattice as follows: 

( )( ) ( ) ( ){ }{ }Φ≠∈⊆== ∗ XkLYXYBXZZXBSim ∩∪ ,,|sup|  

( )( ) ( ) ( ){ }{ }XkLYXYBXZZXBSim ⊆∈⊆== ∗,,|sup|∪  

Proof: Because the similar relationship family ( )BSIM  can be indicated that: 

( ) ( ) ( ){ }kLYXYBXBSIM ∗∈⊆= ,,|sup∪  

According to the definition of upper and lower approximation: 

( )( ) ( ){ } ( ){ }XxSXxSUxXBSim BB ⊆=⊆∈= || ∪  

If ( )( )XBSimxi ∈ ,then ( ) XxSB ⊆ . According to theorem 2  know that: 

( ) ( ){ } ( ) ( ){ } XkLYXYBXXxSxSx BBi ⊆∈⊆∈⊆∈ ∗,,|sup|∪  

On the contrary may also permit. 

If ( ) ( ){ }kLYXYBXxi
∗∈⊆∈ ,,|sup , then ( )( ),XBSimxi ∈ then 

( )( ) ( ) ( ){ }{ }XkLYXYBXZZXBSim ⊆∈⊆== ∗,,|sup|∪  

Similarly can be proved on the approximation. 

Incomplete Concept Lattice Reduction Algorithm of Rough 

Definition 3.1.2[19] (Attribute reduction) If Ux∈ , ( ) ( )xSxS RR = ,and RB ⊂∀ ( ) ( )xSxS AB ≠ , then 

AR ⊆  is a reductionthat came from S about x . 

Definition 3.1.2 (Attribute function) If the objects number is n ,and attributes number ism in 

S (Information Sheet), and attribute values 

( )( )"*",,, 21 == PP VVVVV �  

then the number of vector of v (attribute values)of ( )mjj ,,2,1 �= ( attribute)is ( )
jpjji xxxx ,,, 21 �= . 

Attribute function Arf is: 

( ) ( )123121 −− ×++×+×= pjpjjjjj xxxxxxArf �  

ArM is Attribute matrix.The element of ( )
jaArM  is all different pairs of objects of ja (attribute). 

To simplify information system with the equivalence class of concept before request the 

discernibility matrix in context,so that reducing the computation and storage space. Attribute 

reduction strategy based on discernibility matrix should be compared every two objects on all of the 

attributes,so computation is very big when the data is large.Here,we defined a attribute function for 

reduce the computational. 

Concrete steps are as follows: 

(1) Simplify information system with the equivalence class of concept before request the 

discernibility matrix in context,so that reducing the computation and storage space. 

( ) ( ) ( ){ }BSimyxUyxSB ∈∈= ,| ; 

(2) Ta j ∈∀ , Calculate Arf : ( ) ( )
jk aMaxaArf = ; 

(3) { }kaRR ∪← ; 

(4) Ta j ∈∀ , ( ) ( ) ( ),kjj aArMaArMaB ∩= ( ) ( )( )jj aBnumaH =  

(5) Ta j ∈∀ , ( ) ( ) ( ),jjj aBaArMaArM −← ( ) ( ) ( )
jjj aHaArfaArf −←  

If ( ) 0=jaArf ,then jaTT −= ; 

(6) { }kaTT −= , ( )kaArMArMArM −= ; 

(7) ExportR . 
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Applications 

An instance introducted for verifying the proposed reduction algorithm. 

Objects { }821 ,, xxxU �= ,the set of attributes ( )edcbaA ,,,,= , ( )BSim is a binary relation 

between U and A . Incomplete context(Table 1): 

Table 1 Incomplete context 

U a b c d e 

x1 a1 * c1 d2 e1 

x2 * b2 * d2 e1 

x3 a2 b1 * d1 * 

x4 a3 b1 c2 d1 * 

x5 a1 * c1 d2 e1 

x6 a2 b1 * d1 * 

x7 a1 * c1 d2 e1 

x8 * b2 * d2 e1 

 

(1)Simplify information system with the equivalence class of concept before request the discernibility 

matrix in context,so that reducing the computation and storage space. 

( ) ( ) ( )7511 xSxSxSL BBB === ; ( ) ( )822 xSxSL BB == ; ( ) ( )633 xSxSL BB == ; ( )44 xSL B=  

(2)The simplified of incomplete concept lattice(Figure1)and incomplete context(Table 2): 

                                                                        

                                                                           Table 2 The simplified incomplete context. 

 
Figure 1  Incomplete concept lattice after data compression.  

 

(3)Established attribute matrix ArM ( Table 3a): 

Table 3a The attribute values of simplified incomplete context. 

attribute a b c d e 

Arf 3 2 1 4 0 

 

(4)Delete attribute the attributes of the function is 0(Table 3b): 

Table 3b The attribute values of simplified incomplete context. 

attribute a b c d 

Arf 3 2 1 4 

 

(5)Recurrence (2)-(3), Ultimatly { }adR ,= . 

(6)Export { }adR ,= . 

 

U/Sim(B) a b c d e 

L1 a1 * c1 d2 e1 

L2 * b2 * d2 e1 

L3 a2 b1 * d1 * 

L4 a3 b1 c2 d1 * 

({L1,L2,L3,L4}, 0,*) 
 

({L1,L2},d2,e1,*) 

({L1},a1,c1,d2,e1,*) ({L2},b2,d2,e1,*) 
({L3},a2,b1,d1,*) ({L4},a3,b1,c2,d1,*) 

 
 ({0},a1,a2,a3,b1,b2,c1,c2,d1,d2,e1,*) 
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Abstract. In this paper, we are concerned with the existence of positive solutions for the
nonlinear eigenvalue problem of the nth-order delay differential system. The main results in
this paper generalize some of the existing results in the literature. Our proofs are based on the
well-known Guo-Krasnoselskii fixed-point theorem. Three main results are given out, the first
two of which refer to the existence while the last one not only guarantees to its existence but
also is pertinent to its multiplicity.

Introduction

This paper deals with the existence of positive solutions for the following nth-order delay
differential system:

x
(n)
1 (t) + λ1g1(t, x1(t− τ1), x2(t− τ2), · · · , xn(t− τn)) = 0,

x
(n)
2 (t) + λ2g2(t, x1(t− τ1), x2(t− τ2), · · · , xn(t− τn)) = 0,

...

x
(n)
n (t) + λngn(t, x1(t− τ1), x2(t− τ2), · · · , xn(t− τn)) = 0, 0 < t < 1, τi ≥ 0, i = 1, 2 · · ·n,

(1.1)

satisfying{
x
(k)
i (t) = 0,
xi(1) = 0, −τi ≤ t ≤ 0, 0 ≤ k ≤ n− 2, i = 1, 2 · · · , n. (1.2)

System (1.1)-(1.2) is a generalization of the single form boundary value problem (BVP, for
short) of the nth-order delay differential equation :

u(n)(t) + λg(t, u(t− τ1)) = 0, 0 < t < 1, τ1 ≥ 0, (1.3)
u(k)(t) = 0, −τ1 ≤ t ≤ 0, 0 ≤ k ≤ n− 2,
u(1) = 0. (1.4)

For the case of λ = 1, τ1 = 0, (1.3) and (1.4) are related to the nth-order BVP of ordinary
differential equation. For the case of second order delay differential equation, (1.3) and (1.4)
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describe many phenomena in the applied mathematical science such as nonlinear diffusion
generated by nonlinear sources, thermal ignition of gases, and concentration in chemical or
biological problems, where positive solutions are meaningful; see, for example [2-4].

In this paper, we devote section 2 to giving some important inequalities of the Green’s
function for the nth-order BVP thanks to the procedure provided by Eloe P.W. and Henderson
J. [1]. These inequalities will take an important part in establishing the existence of solutions of
(1.1) and (1.2). In section 3, we use these Green’s function inequalities in defining an operator
which is positive with respect to a cone. Then, positive solutions of (1.1) and (1.2) arise as fixed
points of this operator which results from applications of the well-known Guo-Krasnoselskii
fixed-point theorem [5]. We give not only the theorems which guarantee their existences but
also one result about their multiplicity.

Useful Inequalities

In this section, we shall give several lemmas which are very useful for the proof of our main
results.

Lemma 2.1[6] Let n ≥ 2 and let h ∈ C(n)[0, 1] satisfy

h(n)(t) ≤ 0, t ∈ [0, 1],

h(k)(0) ≥ 0, 0 ≤ k ≤ n− 2,

h(1) ≥ 0.

Then,

h(t) ≥‖ h ‖ min{1− t, tn−1}, t ∈ [0, 1], (2.1)

where ‖ h ‖= sup0≤t≤1 | h(t) | .

Lemma 2.2[1] Let n ≥ 2 and let h ∈ C(n)[0, 1] satisfy

h(n)(t) ≤ 0, t ∈ [0, 1],

h(k)(0) ≥ 0, 0 ≤ k ≤ n− 2,

h(1) ≥ 0.

Then,

h(t) ≥ ‖ h ‖
4n−1

,
1

4
≤ t ≤ 3

4
. (2.2)

Let G(t, s) be the Green’s function for the BVP

−u(n)(t) = 0, 0 ≤ t ≤ 1,

satisfying (1.4). It is well known [7] that

G(t, s) > 0 on (0, 1)× (0, 1).
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For each 0 < s < 1, let τ(s) ∈ [0, 1] be defined by

G(τ(s), s) = sup
0≤t≤1

G(t, s).

Lemma 2.3[6]

G(t, s) ≥ G(τ(s), s) min{1− t, tn−1}, t ∈ [0, 1]. (2.3)

Lemma 2.4[1]

G(t, s) ≥ 1

4n−1
G(τ(s), s), t ∈ [

1

4
,
3

4
], s ∈ [0, 1]. (2.4)

Eigenvalue problem with singularity

In this section, we consider the existence of positive solutions for the nonlinear eigenvalue
problem (1.1) and (1.2) and their multiplicity.

Let

Xi = {x ∈ C(n)[−τi, 1] : x(k)(t) = 0, ∀ t ∈ [−τi, 0], 0 ≤ k ≤ n− 2; x(1) = 0}

with norm ‖ · ‖i given by ‖ x ‖i= sup{| x(t) |: −τi ≤ t ≤ 1} for i = 1, 2, · · · , n. Then
(Xi, ‖ · ‖i) is a Banach space. Obviously, ‖ · ‖[0,1]=‖ · ‖i for x ∈ Xi, where ‖ · ‖[0,1] stands for
the sup-norm of C[0, 1]. So we can express ‖ · ‖i, (i = 1, 2, · · · , n) uniformly as ‖ · ‖. Define

E = X1 ×X2 × · · · ×Xn with norm ‖ (·, ·, · · · , ·) ‖ given by ‖ (x1, x2, · · · , xn) ‖=
n∑
i=1

‖ xi ‖. It

is easy to see that E is a Banach space. Suppose that (x1(t), x2(t), · · · , xn(t)) is a solution of
BVP(1.1) and (1.2), then it can be expressed as

(x1(t), x2(t),· · · , xn(t)) = (A1(x1, x2,· · · , xn)(t), A2(x1, x2, · · · , xn)(t),· · · , An(x1, x2, · · · , xn)(t)),

where for i = 1, 2, · · · , n,

Ai(x1, x2, · · · , xn)(t) =

{
0, −τi ≤ t ≤ 0,

λi
∫ 1

0
G(t, s)gi(s, x1(s− τ1), x2(s− τ2), · · · , xn(s− τn)) ds, 0 ≤ t ≤ 1.

Define a cone K ⊂ E by K = K1 ×K2 × · · · ×Kn with

Ki = {x ∈ Xi : x(t) ≥ 0, ∀t ∈ [0, 1], min
t∈[ 1

4
, 3
4
]
x(t) ≥ 1

4n−1
‖ x ‖}.

Let

f j0 = lim inf∑n
i=1 xi−→0+

min
s∈[0,1]

fj(s, x1, x2, · · · , xn)∑n
i=1 xi

, f 0
j = lim sup∑n

i=1 xi−→0+
max
s∈[0,1]

fj(s, x1, x2, · · · , xn)∑n
i=1 xi

,

f j∞ = lim inf∑n
i=1 xi−→∞

min
s∈[0,1]

fj(s, x1, x2, · · · , xn)∑n
i=1 xi

, f∞j = lim sup∑n
i=1 xi−→∞

max
s∈[0,1]

fj(s, x1, x2, · · · , xn)∑n
i=1 xi

.
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Define an operator T : E −→ E

T (x1, x2, · · · , xn)(t) = (A1(x1, x2, · · · , xn)(t), A2(x1, x2, · · · , xn)(t), · · · , An(x1, x2, · · · , xn)(t))

with Ti(x1, x2, · · · , xn)(t) = Ai(x1, x2, · · · , xn)(t), i = 1, 2, · · · , n. Then, one can easily see that
(x1, x2,· · ·, xn) is a solution of (1.1) and (1.2) if and only if (x1, x2,· · ·, xn)(t) = T (x1, x2,· · ·, xn)(t).

Let pi > 1, i = 1, 2, · · · , n such that
n∑
i=1

1
pi

= 1. And

τM = max{τi, i = 1, 2, · · · , n}, τm = min{τi, i = 1, 2, · · · , n}.

For j = 1, 2, · · · , n, denote by

Cj1 =
4n−1

f j∞ · sup
t∈[0,1]

·
∫ 3

4
+τj

1
4
+τj

G(t, s)aj(s) ds
, Cj2 =

1

pj · f 0
j ·
∫ 1

τm
G(τ(s), s)aj(s) ds

,

Dj1 =
4n−1

f j0 · sup
t∈[0,1]

·
∫ 3

4
+τj

1
4
+τj

G(t, s)aj(s) ds
, Dj2 =

1

pj · f∞j ·
∫ 1

0
G(τ(s), s)aj(s) ds

.

Theorem 3.1 Assume that
(H1) 0 ≤ τM < 1

4
;

(H2) gj(t, x1, x2, · · · , xn) = aj(t)fj(t, x1, x2, · · · , xn), aj: (0, 1) −→ [0,∞) is continuous, and fj :
[0, 1]× [0,∞) −→ [0,∞), j = 1, 2, · · · , n is continuous;

(H3)
∫ 1

0
aj(s) ds <∞, 0 <

∫ 1

0
G(τ(s), s)aj(s) ds <∞, j = 1, 2, · · · , n;

(H4) f
0
j <∞, f j∞ > 0, j = 1, 2, · · · , n.

Then there exists at least one positive solution to BVP (1.1) and (1.2) for

(λ1, λ2, · · · , λn) ∈
n∏
j=1

(Cj1, Cj2). (3.1)

Theorem 3.2 Suppose that the conditions (H1)− (H3) still hold and
(H5) f

j
0 > 0, f∞j <∞, j = 1, 2, · · · , n.

Then there exists at least one positive solution to BVP (1.1) and (1.2) for

(λ1, λ2, · · · , λn) ∈
n∏
j=1

(Dj1, Dj2). (3.2)

Let

λj1 =
4n−1

f j0 · sup
t∈[0,1]

∫ 3
4
+τj

1
4
+τj

G(t, s)aj(s) ds
, λj2 =

4n−1

f j∞ · sup
t∈[0,1]

∫ 3
4
+τj

1
4
+τj

G(t, s)aj(s) ds
,

λj3 =
1

pj ·Mj

∫ 1

0
G(τ(s), s)aj(s) ds

, where Mj = max
t∈[0,1]

‖(x1,x2,··· ,xn)‖≤1

fj(t, x1, x2, · · · , xn).
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Then, we derive a result on the multiplicity of the positive solutions for the BVP (1.1) and
(1.2) furthermore in the following theorem.
Theorem 3.3Suppose that (H1)− (H3) and
(H6) max{λj1, λj2} ≤ λj3, j = 1, 2, · · · , n;
(H7) f

j
0 > 0, f j∞ > 0 are valid.

Then there exist at least two positive solutions to BVP (1.1) and (1.2) for

(λ1, λ2, · · · , λn) ∈
n∏
j=1

(max{λj1, λj2}, λj3) , (3.3)

and at least one positive solution to BV P (1.1) and (1.2) for

(λ1, λ2, · · · , λn) ∈
n∏
j=1

(min{λj1, λj2},max{λj1, λj2}) . (3.4)

This work is supported by Science Foundation of Zhejiang Sci-Tech University (ZSTU) under
Grant No.11432732611046, National Natural Science Foundation of P.R. China under Grant
No.11001041 and No.10926105, and SRFDP under Grant No. 200802001008.
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Abstract. In this paper, by using the Kronecker product of matrices and the complex representation of 

quaternion matrices, we discuss the special structure of quaternion skew bisymmetric matrices, and 

derive the expression of the least squares skew bisymmetric solution of the quaternion matrix 

equation  AXB =C  with the least norm. 

Introduction  

Let nmR × , nmC × , ,nmQ ×  nnBR × , nnSBR ×  be the sets of all nm×  real matrices, all nm×  complex 

matrices, all nm×  quaternion matrices, all nn×  real bisymmetric matrices, and all nn×  real skew 

bisymmetric matrices, respectively. For nmCA ×∈ , )Re(A  and )Im(A  denote the real part and the 

imagine part of the matrix A , respectively. For nmQA ×∈ , TA , HA and +A  denote transpose matrix, 

conjugate transpose matrix, and Moore-Penrose generalized inverse matrix of the matrix A, 

respectively. Let 1 1( , , , ),n n nS e e e−= �  where ie  represents the ith column of the identity matrix. 

A∈ n nQ ×  is called a skew bisymmetric matrix if , ( )H H

n nA A S A S A= − = −  [1]. The set of all nn×  

quaternion skew bisymmetric matrices is denoted by n nSBQ × . The Frobenius norm of m nA Q ×∈  is 

denoted by |||| A . For matrix ,nmQA ×∈ let ),,,,( 21 miiii aaaa …=  ( 1, 2,i = , ),n…  and denote 

.),,,()( 21

T

naaaAvec …=  

Many results have been achieved about the quaternion matrix equations. See, for example, [1-8] 

for more details. Matrix equations are important in many applications. For example, the well known 

Lyapunov equation HAX XA C− =  and Stein equation HX AXA C− =  play important roles in the 

theory and applications of stability and control. The matrix equation HAXA D=  is very useful in 

inverse problems in vibration [9]. In this paper, we will consider the following problems. 

Problem I.  Given , ,m n n sA Q B Q× ×∈ ∈ ,m sC Q ×∈  let 

{ }| ,|| || min .
n n

n n

L
X SBQ

S X X SBQ AXB C AXB C
×

×

∈
= ∈ − = −

�

�                                                                (1) 

Find  LSX ∈ˆ  such that 

 .||||min||ˆ|| XX
LSX∈

=                                                                                                                            (2) 

The solution X̂  of Problem I is called the least squares skew bisymmetric solution of the 

quaternion matrix equation CAXB =  with the least norm. 

 

                                                           
*
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The structure of 
n nSBQ ×

 

We begin with the structure of  quaternion skew bisymmetric matrices. 

A quaternion a  can be uniquely expressed as kajaiaaa 3210 +++=  with real coefficients ,0a  

,, 21 aa ,3a and ,1222 −==== ijkkji   and a  can be uniquely expressed as ,21 jcca +=  where 1c  

and 2c  are complex numbers. For any nmQA ×∈ , A  can be uniquely expressed as ,21 jAAA +=  

where ,1A   .2

nmCA ×∈  The complex representation matrix of  nmQA ×∈  is denote by 

   
1 2 2 2

2 1

( ) ,m n
A A

f A C
A A

× 
= ∈ − 

                                                                                                                         (3) 

and )(Af is uniquely determined by .A  For ,, snnm QBQA ×× ∈∈  we have ( ) ( ) ( )f AB f A f B= .  For 

any nmSBQkBjBiBBB ×∈+++= 3210 ,  we have ,0

nnSBRB ×∈ ,nn

i BRB ×∈ ).3,2,1( =i  

Definition 1.  For ,n nA R ×∈  let )),1,(,)1,1:2(2),1,1((1 nAnAAa
T−=  

)),2,1(,)2,2:3(2),2,2((2 −−= nAnAAa
T ,… ,),1:( T

k kknkAa +−= 1 ( 1, 1),ka A k k+ = + +  

denote by the following vector containing the entries of matrix A: 

,),,,(2)( 21

T

kB aaaAvec …=                         when 2 ,n k=                                                              (4) 

,),,,,(2)( 121

T

kkB aaaaAvec += …                 when 2 1.n k= +                                                        (5) 

Definition 2.  For ,n nA R ×∈  denote by the following vector containing the entries of matrix A: 

( ) 2[ (2 : 1,1) , (3 : 2, 2), , ( : 1, 1)] ,T T

Avec A A n A n A k n k k= − − − + −…                    when 2 ,n k=      (6) 

( ) 2[ (2 : 1,1) , (3 : 2, 2), , ( : 1, 1), ( 1, )],T

Avec A A n A n A k n k k A k k= − − − + − +…  when 2 1.n k= +  (7)  

Lemma 1. Suppose ,nnRA ×∈  and ( )Bvec A is in the form of (Eq. 4) and (Eq. 5). Then 

( ) ( ),n n

n BA BR vec A B vec A×∈ ⇔ =                                                                                                 (8) 

where 

=kB2  
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Lemma 2. For ,nnRA ×∈  ( )Avec A is in the form of (Eq. 6) and (Eq. 7). Then  

    ( ) ( ),n n

n AA SBR vec A W vec A×∈ ⇔ =                                                                                                 (9) 

where 

2 1 1

1 3 1 2

1 2 1 1 21
2 2

1 1 2 2 1

1 2 1 3

1 1 2

0 0 0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0 0 0

k k n

n k k n

n n k k

k

n n k k

n n k k

n k k

e e e e

e e e e e e

e e e e e e
W

e e e e e e

e e e e e e

e e e e

+ −

+ −

− + +

− + +

− +

− +


 − −



− − − − − −=  − − − − − −


− −



� � � � �

� � � � �

� � � � � � � � � �

� � � � �

� � � � �

� � � � � � � � � �

� � � �

� � � � �

,










 
 
  



2 1 2

1 3 1 2 1

2 1 1 2 1 2

1 2 1 3

1 1 2

0 0 0 0

0 0

1
0 0 0 0 .

2

0 0

0 0 0 0

k k

n k k

k n n k k

n n k

n k

e e e

e e e e e

W e e e e e e

e e e e e

e e e

+

+ −

+ − +

− +

− +

 
 − − 
 
 

= − − − − − − 
 
 
− − 
 
 

� � � � �

� � � � �

� � � � � � �

� � � � �

� � � � � � �

� � � � �

� � � � �

 

For 1 2 ,n nA A A j Q ×= + ∈  we denote an identification by the  symbol ≅ , that is, =≅ AA
~

),,( 21 AA  

1

1 2

2

( )
( ) ( ) ( ) ( ) ,

( )

vec A
vec A vec A j vec A vec A

vec A

 
+ = ≅ =  

 
�    .

)(

)(
||)

~
(||)(||

2

1









==

Avec

Avec
AvecAvec    

We denote  1 1 2 2(Re( ), Im( ),Re( ), Im( )),A A A A A=
�

 

,

))(Im(

))(Re(

))(Im(

))(Re(

)(

2

2

1

1



















=

Avec

Avec

Avec

Avec

Avec
�

    

1

1

2

2

(Re( ))

(Im( ))
( ) .

(Re( ))

(Im( ))

A

B

S

B

B

vec A

vec A
vec A

vec A

vec A

 
 
 =
 
 
 

�
 

Notice that || ( ) || ( ) || .vec A vec A=
�

�  

Lemma 3 [7] .  If 1 2 1 2, ,m n n sA A A j Q B B B j Q× ×= + ∈ = + ∈  and 1 2 ,s tC C C j Q ×= + ∈ then 

   �
�

�1 2

( )
( ) ( ( ) , ( ) ) .

( )

T H
vec B

vec ABC f C A f Cj A
vec jBj

 
= ⊗ ⊗   − 

                                                             (10) 

Lemma 4. If 1 2 1 2 1 2, , ,m n n n n sA A A j Q X X X SBQ B B B Q× × ×= + ∈ = + ∈ = + ∈ ,nB nW  are defined 

in the form (Eq. 8) and (Eq. 9), respectively.  The vectors ( )Bvec A and  ( )Avec A are defined by 

Definition 1 and Definition 2, respectively. Then 

�

1

1

1 2

2

2

0 0 (Re( ))

0 0 (Im( ))
( ) ( ( ) , ( ) ) .

0 0 (Re( ))

0 0 (Im( ))

n n A

n n BT H

n n B

n n B

W iB vec X

B iB vec X
vec AXB f B A f Bj A

W iB vec X

B iB vec X

  
  
  = ⊗ ⊗
  −
  

−   

                     (11) 
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The solution of  Problem I and Problem I   

Based on our earlier discussions, we now turn our attention to Problem I. The following notations are 

necessary for deriving the solutions of Problem I.     

For 1 2 ,m nA A A j Q ×= + ∈  ,n sB Q ×∈ ,m sC Q ×∈ set  1 1 2( ( ) , ( ) ),T HQ f B A f Bj A= ⊗ ⊗             

1

0 0

0 0
,

0 0

0 0

n n

n n

n n

n n

W iB

B iB
Q Q

W iB

B iB

 
 
 =
 −
 

− 

    1 2Re( ), Im( ),P Q P Q= =  
�

�

(Re( ))

(Im( ))

vec C
e

vec C

 
=   
 

 ,  

and 

 1 1 2( ) ,TR I P P P+= −   2 1 1 2( ) ( ) ( ),T TH R I R R ZP P P I P R+ + + + += + − −  
1

2 1 1 2[ ( ) ( ) ( )] ,T TZ I I R R P P P P I R R+ + + + −= + − −  11 1 1 1 2 2 1( ) ( ) ,T TS I P P P P Z I R R P P+ + + += − + −  

12 1 2( ) ( ) ,T TS P P I R R Z+ += − −  22 ( ) .S I R R Z+= −  

From the results in [10], we have 

1 1 2

1 2( , ) ,
P P P H

P P
H

+ +
+  −
=  
 

      
11 12

1 2 1 2

12 22

( , ) ( , ) .
T

S S
I P P P P

S S

+  
− =  

 
 

Theorem 1. Given  , ,m n n sA Q B Q× ×∈ ∈ ,m sC Q ×∈  ,nB nW  are defined in the form (Eq. 8) and 

(Eq. 9),  ( , , , ),n n n nW diag W B B B=  respectively. 1 2 1 2, , .m nA A A j A A C ×= + ∈  Then the set LS  of  

Problem I can be expressed as 

{ }1 2 1 1 1| ( ) ( , ) ( ) ,T T

LS X vec X W P H P P H e W I P P RR y+ + + += = − + − −
�

                                             (12)   

where y  is an arbitrary vector of appropriate order.                 

Proof.  By Lemma 4, 

      � �|| || || ( ) ( ) ||AXB C vec AXB vec C− = −  

                           
1

2

( )S

P
vec X e

P

 
= − 
 

���
, 

we have 1 2 1 1 1( ) ( , ) ( ) .T T

Svec X P H P P H e I P P RR y+ + + += − + − −
�

 The proof is completed. 

Theorem 2. Problem I  has a unique solution 	 ,LX S∈  and 	X can be expressed as  

 	
1 2 1( ) ( , ) .T Tvec X W P H P P H e+ += −

���

                                                                                              (13) 
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Abstract: In order to search for an ideal method to measure the acoustic field, the staining method 

was studied. First of all, the experiment device was designed to produce standing wave, and then 

the coated papers were inserted into the methylene blue solution. At last the experiment result was 

analyzed. It illustrated that in the power range of about 10w to 250 w, staining method was a good 

one which could described the distribution of acoustic pressure in container which used for acoustic 

processing or sonochemistry. 

 

1 Introduction 

In acoustic machining or sonochemistry, how to measure the distribution of the total acoustic 

field in the machining or the reaction container was very important. So far there have appeared 

many methods based on various kinds of principles, such as hydrophone method, heat-sensitive 

sensor method
 [1]

, aluminum foil corrosion method
 [2]

, the acoustic emission spectrometry
 
and 

acoustical holography
 [3, 4]

. However each acoustic field measuring technique has its advantages, 

disadvantages and application scope, for example: Hydrophone method can’t adept to low 

frequency and large-power acoustic field. In aluminum foil corrosion method, the film on the 

aluminums foil surface is weak and could be broken and peeled easily. When we want to get the 

total acoustic pressure of the processing container using hydrophone, we have to put lots of test 

devices to every test points, as is inconvenient and costs a large of money. Since the influence of the 

test devices put into the acoustic field, the result may be inaccurate. So it is necessary to search for 

new solutions which could be easily in measuring the total ultrasonic field in container. 

Many researchers have evaluated the distribution of acoustic field in liquid by means of 

staining method in container. In the ultrasonic study, the coated paper was put in methylene blue to 

dye, and by means of observing the quantity of dye spots and the dye depth to infer the acoustic 

field intensity or the cavitation intensity. 

As to the dyeing mechanism, previous researchers tend to believed that the sound medium 

vibration, cavitation and a series of other complex factors led to the damage in the surface of the 

paper, adsorption and permeation made dye molecules attach to the fibers of the paper, as is a 

fatigue damage process. 

As an easy-to-use testing method, the dyeing method is precise to a certain extent. In this paper, 

we wanted to give an illustration on the feasibility and effectiveness of the staining method through 

experiment. 
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2 Experimental results and discussion 

    Acoustic field with standing wave was regular and it has predictable acoustic intensity. For 

easy to study, it’s necessary to get standing wave in our experiment. It is generally known that the 

standing wave could be obtained using waveguide.  

The experimental device was designed by us to generate stable standing wave, as show in Fig. 

1 and Fig. 2. The resonance frequency was 28.2 kHz, and the rated power of acoustic transducer 

was 55w. Chose the UGD ultrasonic source which could keep frequency automatic tracking and 

have an adjustable power. The container was a cylinder made of organic glass (PC) with an 8cm 

diameter. 

 

 

 

 

 

 

 

 

 

 

Fig.1 The schematic diagrammatic of experiment 

 

 

Fig.2 the photo of experimental device 

 

According to cut-off frequency formula of cylindrical waveguide
 [4]

: 

0
10 1.84

2
c

C
f f

aπ
= =                          (1) 

Where c0 is acoustic speed in the medium, and a is radius of cylindrical waveguide. Through 

calculation, we found that the acoustic was complex. There was a serious of high order harmonics 

expect for the main wave (0, 0). But because the fundamental wave was dominant and had little 

attenuation, we could consider that there was only plate wave propagating along the axis of the 

container.  

Under ultrasonic condition, inserted the test paper in methylene blue solution，and take it out 

several minutes later. There would be blue-and-white strips on the test paper (Fig. 3).And the blue 

parts were composed of many discrete spots of blue color. 

The distance of node to the surface of water is H = (2n+1)*λ/4. Through calculation, there are 

nodes when the value of H is 1.31, 3.94, 6.56, and 9.18 in the experiment with resonant frequency 

 

 
 

Ultrasonic - Frequently   

Power Supply  

 

Frequency Display   Power   Display  

Test Paper  

Solution   

Transducer  
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28.2 kHz. The white parts and the blue parts corresponded to nodes and antinodes region 

respectively in figure 5. Customarily researchers indicated the sound field intensity by means of the 

dye deepness.  

 

Fig.3 Photograph of a dyeing stripe on the test paper 

 

The minimum value of acoustic pressure or acoustic intensity that could lead to cavitation was 

called cavitation threshold. Suppose the static pressure in the liquid is p0, alternating acoustic 

pressure amplitude is Pm. Only if Pm> P0, negative pressure arise. If negative pressure exceeds the 

structure intensity, cavitation will formed. Cavitation threshold Pc can be expressed according to 

this equation: 

3

0 0

0 0

2 2 2

3 3
c v v

T T
p p p p p

R R

   
= − + − +   

   
                   (2) 

where P0 is Hydrostatic pressure; Px is the vapour pressure; T is surface tension; R0 is The initial 

radius of cavitation nuclear. The relationship between acoustic pressure and acoustic intensity could 

be formulated bellow: 

I cp ρ=                                (3) 

where I is acoustic intensity; ρ is the density of the media; c is the speed of ultrasound. With the 

input power of ultrasound increasing, the time to achieve the same dye depth reduced sharply. It just 

needed 1-2s to get dyeing spots when there is enough acoustic power. And at the same time there 

was dyeing strips as well. 

Raising the input power to some extent, the fountain appeared on the water surface, which 

derived from acoustic stream phenomenon (Fig. 4). The axial speed of acoustic stream was gave by 

C.Eckart
[5]

. 

2 2

1 0 1

1
( ) ( )

2
G r G r KP r= =                                  (4) 

where r1 is the radius of radiant end of ultrasonic transducer. 

Under this condition the test paper dyed quickly and was damaged after a short time; however 

there were also stripes which indicated the acoustic intensity. The acoustic stream promoted the 

flow of acoustic medium and the movement of cavitation nucleus in fluid but wasn’t able to effect 

the distribution of acoustic pressure. So it’s feasible to use staining method for measuring the 

acoustic field under high power and no-linear condition. 
 

Sometimes the blue stripes on test paper can’t correspond to the acoustic antinodes, as can be 

explain bellow: in certain instances that the main wave couldn’t reach the cavitation threshold but 
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the high order harmonic in acoustic field led to cavitation at the position of nodes. 

According to previous study, cavitation included steady cavitation and transient one. There was 

mainly steady cavitation in the nodal regions, and in the antipodal regions was mainly transient 

cavitation. The test paper could be dyed quickly on the antinodes regions because the cavitation 

bubbles collapsed frequently here. Effected by acoustic stream, high order harmonic, steady and 

transient cavitation, it was difficult to infer an equation which could describes the relationship 

between acoustic intensity and the dyeing deepness or the quantity of dyeing spots. 

 

(a) Photo of Acoustic stream
 [5]

 

 
(b) Schematic drawing of acoustic stream 

[6] 

Fig. 4 Schematic drawing of acoustic field 

Lowered the input power to 10w, when the cavitation threshold was not reached, and the 

dyeing spots were also occurred, but it took quite a long time. According to the mechanism of 

staining method, the dyeing spots came from the fatigue damage in the surface of coated paper. So 

it was rational that the formation of dyeing spots need more time on the condition of low frequency.  

 

Fig.5 Wide test paper could indicate the total distribution of acoustic field in the container. 
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The coated paper was cut into the size and shape of vertical section of the PC container, and was 

inserted into the solution to dye. Several minute later, there appeared a picture on the test paper, and 

the dyeing depth indicated the acoustic intensity (Fig. 5). In contrast to the experiment result which 

came from hydrophone measurement, overall, it is exact. At this stage of the experiment we could 

come to the conclusion that the coated paper had little influence on the original acoustic field. The 

significance was that the experiment gave us an approach which could achieve the visualization of 

measurement result. We could use the wide coated paper to examine the uniformity of acoustic field, 

and predict the acoustic intensity. 

4 Conclusions 

Staining method could be used in a quite wide acoustic intensity scope, and it can be easily 

operated and could get a visual result. Learn from the experiment, the test paper could illustrate the 

whole distribution of the acoustic pressure by figures in container. So the staining method is an 

ideal method to test acoustic intensity in acoustic machining and acoustic chemistry, and could also 

provide references to improve ultrasonic cleaning process. 

Staining method is suitable for the use of a wide range of 10w to 250w and even larger 

acoustic power. And we can get the conclusion that straining method has many barriers in 

pullulating to a utility technology to evaluate the acoustic field quantitatively. So we couldn’t make 

use of the method to carry on accurate measurement, but it is simple and easy operating in special 

acoustic field which requires less accuracy. 
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Abstract. When orifice opening of flow under gate through spillways becomes large, large-size 

radial gates with three radial struts (arms) are normally recommended and have been used in 

various hydraulic engineering structures/projects. However, radial gates with three arms are easier 

to have operational failure caused by severe vibrations during opening and closing gate process than 

those with two arms. In this paper, a finite element numerical model was developed using ADINA 

software to simulate and analyze natural vibration characteristics of a radial gate with three arms at 

the Shuhe Hydropower Station using fluid-solid coupling theory. Simulation results of natural 

vibration characteristics for the gate were also developed without considering fluid-solid coupling. 

The model results indicate that fluid-solid coupling has remarkable effect on simulated natural 

vibration characteristics and can not be ignored. Simulated natural frequencies of the same mode 

are increased with the increase of openings, but the change amplitudes are not significant. This 

study provides useful information for structural dynamic design of large-size radial gates in order to 

avoid the natural frequency of radial gate close to the main pulsation frequency of water flow that 

may cause resonance. 

Introduction 

Radial gates are the most widely used spillway gates in hydraulic engineering projects because they 

are the simplest, most reliable, and usually the least expensive type of crest gates. They require 

considerably smaller forces during maneuvering compared with other types of gates, have more 

reliable seating on the sill, require less space, and have better conditions for the passage of ice and 

wood. Safe operation of radial gate is very important for any hydraulic structures and dams. 

However, for many radial gates installed and operated in many hydraulic structure projects, 

vibrations of the radial gates usually occur during opening and closing gate process. Under certain 

conditions, the vibration is very severe and can cause an operational failure accident, e.g., more than 

20 failure accidents of radial gates have happened in China since 1960s [1]; the radial gate of Hezhi 

Dam in Japan also had failure accident. Many investigations show that failure accidents of radial 

gates are due to special hydrodynamic loads and dynamic characteristics of the gates, i.e., natural 

vibration characteristics.  In fact, the dynamic response and dynamic stability of a radial gate 

under dynamic loads depend on its natural vibration characteristics. Therefore, it is necessary and 

important to analyze natural vibration characteristics of a radial gate in order to provide the reliable 

and useful information for structural dynamic design of the radial gate. As pointed out by several 

studies [2-7], the vibrations of radial gates normally happen due to water flow acting on the gates, 

and the vibrations are called flow-induced vibrations. Therefore, it is necessary and essential to 

consider fluid-solid coupling when analyzing natural vibration characteristics of radial gates. 

In recent years, there are many hydraulic engineering projects having large gate or orifice 

opening of flow through spillways, and the radial gates with two arms (struts) are not strong enough 
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to adapt to this situation especially when height-span ratio is more than 1. Large-size radial gates 

with three arms are normally recommended to use when gate-orifice opening is large. However, 

Zhang and Liu [1] pointed out that radial gates with three arms were easier to have operational 

failure caused by severe vibrations than those with two arms. Therefore, the natural vibration 

characteristics of radial gates with three arms should be analyzed in order to provide useful 

information for structural dynamic design of this type of radial gates. 

Based on fluid-solid coupling theory, a radial gate with three arms installed and operated in the 

Shuhe Hydropower Station was used as prototype to develop a finite element numerical model for 

this study. The software ADINA was used to develop the model and analyze natural vibration 

characteristics of the gate under different openings. Natural vibration characteristics were also 

analyzed by developing another numerical model without considering fluid-solid coupling. This 

study provides useful information for dynamic design of large-size radial gates in order to avoid the 

natural frequency of radial gate close to the main pulsation frequency of water flow that may cause 

resonance. 

Materials and Methods 

Fluid-solid coupling theory used to obtain natural vibration characteristics can be found in 

published papers and textbooks [3, 8]. The radial gate studied here is one of the three-arm radial 

gates installed and operated at the Shuhe Hydropower Station, which is located on the Hanjiang 

River with the total hydropower capacity of 270 MW. There are five spillways with the orifice size 

of 13 m×24.3 m (the span × the height). Because the orifice size is very large and the height-span 

ratio is 1.87 (>1), radial gates with three arms of which the cross sections are box shape were 

installed. The elevations of bottom sill and support pivot are 193.5 m and 217.6 m above the mean 

sea level, respectively. The radius of the curved panel is 32 m and the designed head is 23.8 m 

above the sill. The radial gates are operated by hydraulic hoist with the capacity of 2×4000 KN. The 

dimensions of the radial gate are shown in Fig. 1. 

 

 

 

Fig. 1 Dimensions of Radial Gate with Three Arms Used in Finite Element Modeling Simulation 

These five radial gates usually have operational vibrations during opening and closing gate 

process, therefore, it is necessary and essential to analyze their natural vibration characteristics in 

order to make sure that the radial gates are operated safely. We used ADINA software to develop 

the finite element numerical model, which is shown in Fig. 2, to simulate and analyze natural 

vibration characteristics of the radial gate under different openings. The numerical model consists 

of shell element, beam element, 3-D solid element, and truss element, and fluid region is divided by 

3-D Fluid element. The 3-D fluid elements in the front of the gate are not shown in Fig. 2. 
Summary of number of elements for the finite element model is given in Table 1. 

Shaobo Zhong, Yimin Cheng and Xilong Qu 201WWW.BEHSAZPOLRAZAN.COM



 

 

 

 

Fig. 2 Finite Element Model of the Radial Gate with Three Arms 

 

Table 1 Element Types and Number of Elements Used in the Model 

Element types Shell  3-D Solid Beam Truss 3-D Fluid Nodes 

Number of elements 51445 39328 1810 54 4000 119350 

Results and Discussions 

Using the finite element numerical model, we obtained natural frequencies of the radial gate at the 

gate openings of 0.0 m, 0.5m, 1.0 m, 2.0 m, and 5.0 m. According to modal analysis theory, the 

low-order modes affect the safety of the radial gate much more than higher-order modes do, 

therefore, we only listed simulated natural frequencies of the first five modes in Table 2. Natural 

vibration characteristics were also analyzed by developing another numerical model without 

considering fluid-solid coupling (just like Fig. 2 without fluid elements) in order to compare with 

the results obtained by considering fluid-solid coupling, and the natural frequencies of the first five 

modes are shown in Table 3. 

After analyzing simulation results from the finite element models, we have obtained the 

following information:  

 (1) Tables 2 and 3, and Figs. 3 and 4 show that fluid-solid coupling has remarkable effect on 

simulated natural vibration characteristics, and simulated natural frequencies with the consideration 

of fluid-solid coupling are smaller than those obtained without considering fluid-solid coupling. 

Therefore, fluid-solid coupling should be considered in the analysis of natural vibration 

characteristics of radial gates. 

 (2) The natural frequencies of the same mode are increased with the increase of openings, but 

the change amplitudes are not significant. 

 (3) With considering fluid-solid coupling, the curved skin plate or panel of the radial gate was 

found to have severe vibration, but the gate arms do not. It is because that the gate arms have box 

shape cross section instead of typical I-section and are designed with sufficient stiffness. 

 Simulated maximum natural frequency of radial gate in Shuhe Hydropower Station by 

considering fluid-solid coupling is 4.634 Hz. According to the investigation on pulsation frequency 

of water flow [9], for about 90 percent of radial gates, the main pulsation frequencies of water flow 

are between 1 Hz and 20 Hz; for about 48 percent of radial gates, the main pulsation frequencies of 

water flow are between 1 Hz and 10 Hz. Therefore, the radial gates of Shuhe Hydropower Station 

may have operational vibrations caused by resonance when the natural frequencies are equal to 

main pulsation frequencies of water flow under certain gate-opening conditions. 

 Because natural vibration characteristics of radial gates are affected by many factors, such as 

flow conditions, stiffness distribution, boundary conditions, and fluid-solid coupling, moreover, the 
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vibration mechanism of radial gates is very complex, up to now, there are no commonly accepted 

methods of structural dynamic design of radial gates especially for large-size radial gates provided 

for designers to use. In other words, researchers still need conduct lots of investigations (theoretical, 

experimental, and numerical modeling studies) in order to fully understand the vibration mechanism 

of radial gates. 

 
Table 2 Simulated Natural frequencies of the first 5 modes with the consideration of fluid-solid coupling 

 

 

Mode 

Gate openings 

0.0 m 0.5 m 1.0 m 2.0m 5.0m 

Frequency（Hz） Frequency（Hz） Frequency（Hz) Frequency（Hz) Frequency（Hz） 

1 

2 

3 

4 

5 

1.032  

2.540  

2.735  

3.879  

3.945 

1.087  

2.775  

2.999  

3.926  

3.991  

1.138  

3.101  

3.361  

3.957  

4.022  

1.246  

3.760  

4.026  

4.095  

4.102  

1.617  

4.403  

4.468  

4.603  

4.634  

 

Table 3 Simulated Natural frequencies of the first 5 modes without the consideration of fluid-solid coupling 

 

 

Mode 

Gate openings 

0.0 m 0.5 m 1.0 m 2.0m 5.0m 

Frequency（Hz） Frequency（Hz) Frequency (Hz) Frequency（Hz) Frequency（Hz) 

1 

2 

3 

4 

5 

3.434 

7.652 

7.847 

9.348 

9.434 

3.48 

7.652 

7.848 

9.348 

9.435  

3.523 

7.653 

7.848 

9.348 

9.435 

3.605 

7.654 

7.85 

9.348 

9.435 

3.819 

7.657 

7.855 

9.349 

9.436 

We also obtained mode shapes and selected part of them at the opening of 1.0 m and showed 

them in Figs. 3 and 4. 

   

(a) mode 1 (b) mode 2 (c) mode 3 

Fig. 3 Mode Shapes at the Opening of 1.0 m with the Consideration of Fluid-solid Coupling 

   

(a) mode 1 (b) mode 2 (c) mode 3 

Fig. 4 Mode Shapes at the Opening of 1.0 m without the Consideration of Fluid-solid Coupling 
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Conclusions 

This paper developed a finite element numerical model of a large-size radial gate with three arms 

using ADINA to analyze its natural vibration characteristics. The model results indicate that 

fluid-solid coupling has remarkable effect on natural vibration characteristic and can not be ignored, 

and the natural frequencies of the same mode are increased with the increase of openings, but the 

change amplitudes are not significant. Large-size radial gates with three arms should adopt arms 

with box shape cross section instead of I-section because box shape has sufficient stiffness. The 

model simulations show that curved panel of the radial gate has severe vibration, therefore, new 

designs of gate panel are needed, e.g., additional horizontal and/or vertical girders. This study 

provides useful and valuable information for dynamic design of large-size radial gates. 
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Abstract. The homogeneous barrier discharge with multiple current pulses at atmospheric pressure 

in helium is numerically studied on the basis of one-dimensional fluid model .The influence of the 

applied periodic polygonal function voltage slope to the intervals of the corresponding current 

pulses and the power are discussed and analyzed. The simulation results show that ,in the case of 

invariable voltage amplitude and variable voltage slope, the number of current pulses , intervals of 

the corresponding current pulses and the operating factor of the power are changing. 

Introduction 

The homogeneous plasma at atmospheric pressure has been the research focus in the field of plasma 

due to the broad prospect of application [1]. A multi-pulse dielectric barrier discharge at 

atmospheric pressure has been reported in recent years, but the mechanism of this discharge is still 

not entirely clear [3-6]. In order to further research, on the basis of one-dimensional fluid model 

,this paper siplified the applied voltage, studied the homogeneous barrier discharge with multiple 

current pulses, analyzed in detail the discharges parameters on multi-pulse discharge effects. 

Theoretical model 

The discharge is between two parallel plates electrodes, the specific discharge structure is from 

Reference [2-3]. Two plates were covered by dielectric layer,the voltage applied between two 

electrodes is periodic line function.the Numerical simulation is based on one-dimensional fluid 

model.the Charged particles and the transport of the Metastability atoms are discribed by continuity 

equation and momentum equation: 

i i

i

n j
s

t x

∂ ∂
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n

i
j

i
ω

and i
D

are the Particle density, Particle flow density, drift velocity and 

diffusion coefficient, i
s

is the Net produce items. 

Electric field determined by the current balance equation: 

 
0 0
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( ) ( , ) ( )
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x j x t j t
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ε ε
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Where j  is Conduction current density,is given by: 

( , ) ( ( , ) ( , ))ej x t e j x t j x t
+

= − ,                                                           (4) 

Where 
( , )j x t

+
( , )

e
j x t

are ion and electron density,is given by 2 . ( )xε is Relative 

permittivity,which depends on x .In the Media, 1( ) 7.5xε ε= =
, In the gas, 0( ) 1xε ε= =

, the 

Electric field Meets the following condition : 

 
0

( , ) ( )
sd

E x t dx V t− =∫ ,                                                            (5)    

Where s
d

 is the distance between the two electrodes , ( )V t  is the periodic line function on the 

plate:        
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 ,                       (6) 

Where 0j  is discharge current density, which is integrated by (3): 

1

0

0 0 0

2 ( , ) ( )
( ) ( )

( )

d

gB

B

dd j x t V t
j t dx

x tε ε ε ε

−
 ∂

= + − 
∂ 

∫ ,                                       (7)  

Where B
d

 is medium thickness, g
d

is gas gap thickness, B
ε

is medium relative permittivity. 

The charge density accumulated on the dielectric panel is given by: 

' '

0
( ) ( , )

t

t j x t dtσ = ∫                                                               (8)      

The nonlinear equations were solved by Finite difference method which raised by Scharferter 

and Gummel .the charged particles in the model are electron e , Atomic ion He
+ ,Molecular ion 

2He
+ . the Metastability atoms 3(2 )He s and 1(2 )He s  can be considered into a kind of effective 

types *
He because of the similar characteristics . The particles mobility and the diffusion 

coefficients are from [7], neglect the effect of discharge photoionization, Secondary electron 

emission coefficient is constant, Both of two ions are 0.01 . 

Simulation Results and Analysis 

The discharge parameters in this paper are as follows:the dielectric constant 1 7.5ε =
, the thickness 

of the Medium layer 
0.1

B
d cm=

, The spark gap 
0.2

g
d cm=

, Gas pressure is a standard 

atmospheric pressure(P=101325 Pa . 

The Influence of the Voltage Slope to the Interval of the Current Pulse Maintaining Constant 

Voltage Amplitude 

When the voltage function slope kept getting bigger, achieve the same voltage amplitude of the time 

needed for shorter, therefore the number of current pulse. Decreasing when constant voltage 

amplitude and large slope. Figure 1 and Figure 2 shows the discharge current with the time 

evolution. It can be seen from the two chart, when applied voltage amplitude remain unchanged, 
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slope continuously variable, in the half cycle of the applied voltage, the number of the current pulse 

gradually decreased. When the slope is 0.96, there are three current pulses, When the slope 

increases to 2.8, appeared a current pulse. We have studied many sets of data, with the increase of 

applied voltage gradient, although the applied voltage amplitude keep constant, but the intervals of 

appearing corresponding pulse are not identical in the half cycle of the applied voltage. With the 

increasing of the applied voltage slope, The number of the current pulse decreased continuously, the 

time interval between the corresponding current pulse presents generally larger at first, then 

decrease, as shown in figure 3 and figure 4. 

        
Fig. 1. Amplitude V0=2000V,                                 Fig. 2. Amplitude V0=2000V, 

slope K=0.96                                              slope K=2.8 

    

Fig. 3. The interval of the previous two                       Fig. 4. The interval of the previous two 

pulse in the first half cycle                                       pulse in the first half cycle 

The Influence of the Voltage Slope to the Effective Utilization of Power Device Maintaining 

Constant Voltage Amplitude. 

Figure 5 and figure 6 give the comparison of the power while the voltage amplitude unchanged, 

maintaining V0 = 4000, the slope becomes larger and larger .the ratio of the average power of the 

gas and the total power shows General trend, the first decline after easing, But the highest ratio is in 

the lower slope started,so to achieve high efficiency, should try to choose low voltage slope, the 

ratio of the maximum power of the gas and the total power shows General trend, first increased, 

then decreased, and then easing. the highest ratio is in the slope K=4.8, Therefore, we can choose 

the appropriate voltage according to need to ensure the maximum utilization of the discharge. 
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Fig. 5. The ratio of the average power                    Fig. 6. The ratio of the maximum power 

Conclusions 

In this paper ,the homogeneous barrier discharge with multiple current pulses at atmospheric 

pressure in helium is numerically studied on the basis of one-dimensional fluid model . Get the 

following conclusions: 

(1) the number of current pulses Decreased in the case of invariable voltage amplitude and the 

Voltage gradient kept getting bigger, the time interval corresponding between the current pulse is 

not the same. Generally First increases, and finally the trend is easing. 

(2) the ratio of the average power of the gas and the total power shows General trend, the first 

decline after easing,.the ratio of the maximum power of the gas and the total power shows General 

trend, first increased, then decreased, and then easing. the highest ratio is in the slope K=4.8. 
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Abstract. This paper proposes a new model to test the technology acceptance model which proposed 

by Davis in order to study the influence factors on acceptance and use of handheld e-book readers. 

The main conclusions are as follows: 1.There are significant correlation between self-efficacy and 

usefulness, without significant correlation between self-efficacy and other variables; 2.There are 

significant correlation between product feature and intention to use, without significant correlation 

between product feature and other variables; 3.There are significant correlation between usefulness 

and ease of use as well as intention to use, without significant correlation between usefulness and 

other variables; 4.There are significant correlation between ease of use and usefulness, without 

significant correlation between ease of use and other variables; 5. There are no significant correlation 

among intention to use, self-efficacy, product feature, usefulness and ease of use. 

Introduction 

As early as 1998, the first generation e-book reader has appeared on the market, but the market 

prospect of e-book reader loomed in China until 10 years later. As far as the new type of e-book 

reader is concerned, what factors are the important affecting factors for acceptance and use of 

handheld e-book readers, and what’s the extent of influence, are of great practical significance 

obviously. 

In theory, a intensive study of influence factors on acceptance and use of handheld e-book 

readers can develop the applied scope of technology acceptance model, also can deepen 

understanding of problems in the use of handheld e-book readers, and have the possibility of 

completing original research results through prove and emend the technology acceptance model. 

In practice, handheld e-book readers, as a reading way by digital media, actually represent the 

current reading trend of new digital media. It is highly probable that the magnetism of handheld 

e-book readers to the reading public is augmenting daily with the increase of e-book resources. And 

the exploratory research on this subject is of great practical significance obviously. 

Literature Review 

The theory of reasoned action, which Fishbein and Ajzen put forward in 1975, stated that the 

actual behavior of one person is determined by his behavior intention, and behavior intention is 

influenced by the attitude towards behavior and subjective norm simultaneously. This theory 

acknowledges the existence of external variable, and states that the external variable can affect the 

cognitive attitudes of people, and then affect the actual behavior of people. In other words, the 

external variable may affect the belief of people, and affect the attitude towards behavior, and then 

affect the behavior intention, and finally affect the actual behavior. This theory is widely used to 

predict and explain the relationship between attitude and behavior by social psychologists[1]. 

Although numerous individual, organizational, and technological variables have been investigated 

[2], research has been constrained by the shortage of high-quality measures. Past research indicates 

that many measures do not correlate highly with system use [3]. 

In 1985, Davis proposed a technology acceptance model(see Fig. 1) which based on the theory of 

reasoned action proposed by Fishbein and Ajzen to examine the relationship among cognition, 

affective factors, and the use of technology, and this model intend to explain the reasons why users 

accept or reject the new information system. The innovation of technology acceptance model lies in 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.209

WWW.BEHSAZPOLRAZAN.COM



 

that this model proposes two new concepts: perceived usefulness and perceived ease of use. 

Perceived usefulness is defined as “the degree to which a person believes that using a particular 

system would enhance his or her job performance.” Perceived ease of use, in contrast, refers to “the 

degree to which a person believes that using a particular system would be free of effort.”[4] 

We propose a new model to test on this condition as follows (see Fig. 2). 

 

 
Fig. 1 Technology Acceptance Model 

 

 
Fig. 2 A Model to Test 

 

Data Analysis and Main Conclusions 

We invited 160 students in Shanghai Jiaotong University to use EDO E600 handheld e-book reader 

on trial, and directly interfaced with them. And then we tackled and analyzed the questionnaire by 

SPSS. 

Differences Test on Gender of Variables. 

 

  Table 1  Group Statistics 

 Gender N Mean Std. Deviation Std. Error Mean 

Self-Efficacy Male 82 3.9177 0.64437 0.07116 

Female 78 3.8397 0.71733 0.08122 

Product Feature Male 82 3.9360 0.58550 0.06466 

Female 78 3.8301 0.41011 0.04644 

Usefulness Male 82 3.2061 0.70507 0.07786 

Female 78 3.0269 0.71144 0.08055 

Ease of Use Male 82 3.4768 0.47513 0.05247 

Female 77 3.4039 0.51362 0.05853 

Intention to Use Male 82 3.4228 0.76989 0.08502 

Female 78 3.2436 0.88220 0.09989 

 

The results of t-test show that there are no significant differences in variables, so the effection of 

gender on every variables can be omitted. 
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Differences Test on Educational Level of Variables. 

 

Table2  Descriptives 

 N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence Interval 

for Mean 

Minimum 

Maximu

m 

Lower 

Bound Upper Bound 

Self-Effica

cy 

Bachelor 61 3.7623 0.72948 0.09340 3.5755 3.9491 1.00 5.00 

Master 74 3.9088 0.65110 0.07569 3.7579 4.0596 1.00 5.00 

Ph.D. 25 4.0800 0.60260 0.12052 3.8313 4.3287 2.50 5.00 

Total 160 3.8797 0.67988 0.05375 3.7735 3.9858 1.00 5.00 

Product 

Feature 

Bachelor 61 3.8197 0.42224 0.05406 3.7115 3.9278 2.67 4.83 

Master 74 3.8457 0.41830 0.04863 3.7488 3.9426 2.92 5.00 

Ph.D. 25 4.1567 0.80303 0.16061 3.8252 4.4881 3.33 7.50 

Total 160 3.8844 0.50883 0.04023 3.8049 3.9638 2.67 7.50 

Usefulness Bachelor 61 3.1311 0.66572 0.08524 2.9606 3.3016 1.40 4.90 

Master 74 3.1608 0.62457 0.07260 3.0161 3.3055 1.00 4.50 

Ph.D. 25 2.9640 1.01484 0.20297 2.5451 3.3829 1.10 4.30 

Total 160 3.1188 0.71165 0.05626 3.0076 3.2299 1.00 4.90 

Ease of 

Use 

Bachelor 61 3.5115 0.41637 0.05331 3.4048 3.6181 2.40 4.50 

Master 74 3.4703 0.52231 0.06072 3.3493 3.5913 2.30 4.60 

Ph.D. 24 3.1750 0.51773 0.10568 2.9564 3.3936 2.30 4.30 

Total 159 3.4415 0.49393 0.03917 3.3641 3.5189 2.30 4.60 

Intention 

to Use 

Bachelor 61 3.2295 0.80632 0.10324 3.0230 3.4360 1.00 5.00 

Master 74 3.4640 0.76215 0.08860 3.2874 3.6405 1.00 5.00 

Ph.D. 25 3.2133 1.03136 0.20627 2.7876 3.6391 1.00 5.00 

Total 160 3.3354 0.82881 0.06552 3.2060 3.4648 1.00 5.00 

 

Table3  ANOVA 

 Sum of Squares df Mean Square F Sig. 

Self-Efficacy Between Groups 1.906 2 0.953 2.090 0.127 

Within Groups 71.590 157 0.456   

Total 73.496 159    

Product 

Feature 

Between Groups 2.220 2 1.110 4.474 0.013 

Within Groups 38.947 157 0.248   

Total 41.166 159    

Usefulness Between Groups 0.739 2 0.369 0.727 0.485 

Within Groups 79.785 157 0.508   

Total 80.524 159    

Ease of Use Between Groups 2.064 2 1.032 4.414 0.014 

Within Groups 36.482 156 0.234   

Total 38.546 158    

Intention to 

Use 

Between Groups 2.280 2 1.140 1.673 0.191 

Within Groups 106.942 157 0.681   

Total 109.222 159    

 

The results of variance analysis show that there are differences in educational level of product 

feature and ease of use, and what shows that educational level made significant effects on these two 

variables.  
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Differences Test on Subject of Variables. 

 

Table4  ANOVA 

 Sum of Squares df Mean Square F Sig. 

Self-Efficacy Between Groups 0.007 1 0.007 0.016 0.899 

Within Groups 73.489 158 0.465   

Total 73.496 159    

Product 

Feature 

Between Groups 0.032 1 0.032 0.123 0.726 

Within Groups 41.135 158 0.260   

Total 41.166 159    

Usefulness Between Groups 0.372 1 0.372 0.733 0.393 

Within Groups 80.152 158 0.507   

Total 80.524 159    

Ease of Use Between Groups 0.674 1 0.674 2.795 0.097 

Within Groups 37.872 157 0.241   

Total 38.546 158    

Intention to 

Use 

Between Groups 0.251 1 0.251 0.364 0.547 

Within Groups 108.971 158 0.690   

Total 109.222 159    

 

There are no differences in variables except in different subjects of self-efficacy. 

Differences Test on Daily Consumption of Variables. 

 

Table5  ANOVA 

 Sum of Squares df Mean Square F Sig. 

Self-Efficacy Between Groups 0.974 4 0.243 0.520 0.721 

Within Groups 72.523 155 0.468   

Total 73.496 159    

Product 

Feature 

Between Groups 0.133 4 0.033 0.125 0.973 

Within Groups 41.034 155 0.265   

Total 41.166 159    

Usefulness Between Groups 1.625 4 0.406 0.798 0.528 

Within Groups 78.899 155 0.509   

Total 80.524 159    

Ease of Use Between Groups 2.085 4 0.521 2.201 0.071 

Within Groups 36.461 154 0.237   

Total 38.546 158    

Intention to 

Use 

Between Groups 1.576 4 0.394 0.567 0.687 

Within Groups 107.645 155 0.694   

Total 109.222 159    

 

There are no significant differences in five variables. 
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Relative Analysis among Five Variables. 

Table6  Descriptive Statistics 

 Mean Std. Deviation N 

Product Feature 3.8635 0.42042 160 

Self-Efficacy 3.8797 0.67988 160 

Usefulness 3.1188 0.71165 160 

Ease of Use 3.4415 0.49393 159 

Intention to Use 3.3354 0.82881 160 
 

Table7  Correlations 

 

Product 

Feature Self-Efficacy Usefulness 

Ease of 

Use 

Intention to 

Use 

Product 

Feature 

Pearson Correlation 1     

Sig. (2-tailed)      

N 160     

Self-Efficacy Pearson Correlation 0.096 1    

Sig. (2-tailed) 0.226     

N 160 160    

Usefulness Pearson Correlation 0.120 0.153* 1   

Sig. (2-tailed) 0.131 0.053    

N 160 160 160   

Ease of Use Pearson Correlation -0.037 0.113 0.254*** 1  

Sig. (2-tailed) 0.648 0.156 0.001   

N 159 159 159 159  

Intention to 

Use 

Pearson Correlation 0.171* 0.186** 0.696*** 0.365*** 1 

Sig. (2-tailed) 0.030 0.018 0.000 0.000  

N 160 160 160 159 160 

*. Correlation is significant at the 0.06 level (2-tailed). 

**. Correlation is significant at the 0.05 level (2-tailed). 

***. Correlation is significant at the 0.01 level (2-tailed). 

 

The conclusions have been drawn from the above data analysis: 1.There are significant correlation 

between self-efficacy and usefulness, without significant correlation between self-efficacy and other 

variables; 2.There are significant correlation between product feature and intention to use, without 

significant correlation between product feature and other variables; 3.There are significant correlation 

between usefulness and ease of use as well as intention to use, without significant correlation between 

usefulness and other variables; 4.There are significant correlation between ease of use and usefulness, 

without significant correlation between ease of use and other variables; 5. There are no significant 

correlation among intention to use, self-efficacy, product feature, usefulness and ease of use. 
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Abstract. To effectively suppress vibrations of the flexible solar panel, the fuzzy logic control with 

piezoelectric smart structure is studied. The bending moment induced in the solar panel by the PZT 

stack actuator is formulated. The dynamical equations of the solar panel are derived. A fuzzy logic 

controller which uses universal fuzzy sets is designed. Considered the characteristic of the PZT stack, 

only positive control voltages were loaded to it. The finite element method simulation results 

demonstrate that the fuzzy logic controller can suppress the vibrations of the flexible spacecraft solar 

panel effectively. 

Introduction 

In order to meet limited launch weight and costs, and more power requirement, space craft solar 

panels are becoming lager and more flexible, and they usually have very low damping ratios, high 

dimensional order, low modal frequencies and parameter uncertainties in dynamics
[1, 2]

. Any 

disturbance, such as attitude or orbit maneuver, orbital debris collision, will result in low frequency 

vibration of solar panel, the unwanted vibrations of such flexible appendages will be caused 

unavoidably. Hence, the issue on modeling and active vibration control for such cantilever plate 

system is rather difficult and challenging
[3, 4]

. 

During the past few decades, the active vibration control has widely been studied. Their works 

focus on the development of actuators and control methodologies. Smart materials, such as 

piezoelectric lead zirconate titanate (PZT) patches and polyvinylidene fluoride (PVDF), have been 

used extensively as distributed sensors and actuators
[1, 5-7]

, but they can not suppress the vibrations 

rapidly because of their limited force outputs. In this paper, a PZT stack actuators is utilized. Unlike 

conventional 31d  patch actuators, the 33d  geometry and stacked configuration of the actuators 

provide large control force in response to applied electric fields
[8]
. 

Control methodologies are also very important for vibration control. Since the flexible solar panel 

is a distributed parameter system of infinite order, model inaccuracies or uncertainties will have 

strong adverse effect on control system, when it is approximated by a lower-order model and 

controlled by a finite-order controller. In the absence of sufficiently precise process mathematic 

model and in the presence of non-linearity, fuzzy logic based control usually have an advantage over 

classical control and modern control
[9]
. In recent years, it has been widely used for vibration 

control
[10-13]

. In this paper, a fuzzy logic controller which use universal fuzzy sets is designed, it will 

receives the solar panel tip displacement and the velocity as inputs, while gives the control voltage as 

output. 

Modeling and Design of Fuzzy Logic Controller 

Modeling. A typical single-panel solar panel structure made of composite material is considered, it 

can be simplified as cantilever beam when we only care about its bending vibration, as shown in Fig. 

1(a). The PZT stack actuator is fixed on the solar panel by rigid bracket. It is consists of many thin 

layers of PZT ceramic laminated together and electrically connected in parallel, as shown in Fig. 1(c). 
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The PZT stack is displacement generating device. It expands proportionally to the applied electric 

field or actuation voltage. Maximum motion or expansion of the PZT occurs at the maximum 

actuation voltage. When an external load resists the motion of the PZT expansion, the PZT stack 

applies a force that is a function of the stiffness of the external load. The stack elements can withstand 

high pressure and show the highest stiffness of all PZT actuator designs, but they cannot withstand 

large pulling forces. 

   

(a) (b) (c) 

Fig. 1 Smart solar panel model 

Piezoelectric stack actuator model: 

When an electric voltage V  loaded in the z-direction of polarization between the two surfaces of 

the PZT-crystal, it will deform them oppositely by a strain 

 

3 33 3 33 /S d E d V t= =                                                                                                                           (1) 

 

where 3 /E V t=  is the electric field intensity in the patch, t  is the thickness of piezoelectric patch, 

33d  is the direction piezoelectric constant of the PZT. 

So the voltage induced deformations of the PZT stack actuator when unconstrained is 

 

3 33E a aS n t Vn dδ = =                                                                                                                          (2) 

 

The condition of coincident deformation is 

 

E F Fδ δ δ ′+ =                                                                                                                                     (3) 

 

where Fδ  is the elastic deformation of the PZT stack, Fδ ′  is the elastic deformation of the beam. 
 

/

/

F a a a

F a b b

Fl E A

Fl E A

δ

δ

= −
 ′ =

                                                                                                                           (4) 

 

where aE , bE  are the longitudinal elastic module of the PZT stack and solar panel, respectively 

(both materials remaining normally elastic), aA , bA  are the cross section area of the PZT stack and 

solar panel, al  is the length of the PZT stack. 

From equation (3), the modal force result from a combination of the elastic and the voltage induced 

deformations of the PZT stack actuator assemblies is 

 

( )
33a a a b b

a a b b

n d E A E A
F V

la E A E A
=

+
                                                                                                                     (5) 

 

The equivalent moment produce by PZT stack can be express as: 

 

( )aM F h h= +                                                                                                                                 (6) 
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Finite element model: 

The finite element method is a powerful numerical technique that provides solutions to many 

complicated engineering problems. In this paper, the finite element formulation of the smart solar 

panel structure is derived by applying Hamilton’s principle. The equations of equilibrium governing 

the linear dynamic response of a system of finite elements are shown in equation (7). 

 

f control
Mq+Cq+Kq = F -F�� �                                                                                                                (7) 

 

whereM , C , K  are the mass, damping and stiffness matrix respectively; q , q� , q��  are the 

displacement, velocity and acceleration vectors of the finite element assemblage; and 
f
F ,

control
F  are 

the disturb force and control force matrix. 

Damping matrix is calculated by Rayleigh damping model as followed equation: 

 

a bC = M+ K                                                                                                                                   (8) 

 

Design of Fuzzy Logic Controller. In  order  to  reduce  the  displacement  field  of  the  cantilever 

beam system, a nonlinear fuzzy controller was  constructed  by  using  the  Fuzzy  Toolbox  of  Matlab.  

More specifically, a Mamdani-type Fuzzy Inference System, consisted of two inputs and one output, 

was developed. The system receives the solar panel tip displacement (u ) and the velocity (u� ) as 

inputs, while gives the control voltage (V ) as output. Seven fuzzy sets (NL, NM, NS, ZO, PS, PM, 

PL), two input power sets (U, DU), and one output power set (V) are used. The labels NL, NM, NS, 

ZO, PS, PM, PL refer to the linguistic values: negative large, negative medium, negative small, zero, 

and positive small, positive medium and positive large, respectively. The triangular membership 

function (Fig. 2) is applied to the fuzzy sets. 
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Fig. 2 Membership function plots 

The rule base used in this paper is shown in Table 1. The first row and the first column of this table 

are the inputs from the system and the others are the output of the fuzzy logic controller. The 

knowledge about the vibrating beam is employed in constructing this rule base. For example, if the 

deflection of the beam is likely to be large in the positive y-direction, and the beam has small velocity 

of deflection in the negative y-direction, then the output will be a small force in the negative 

y-direction. The control surface is shown in Fig. 3. 

Table 1 Fuzzy IF-THEN rule base 

 NL NM NS ZO PS PM PL 

NL NL NL NL NM ZO ZO ZO 

NM NL NL NL NS ZO ZO PS 

NS NL NL NM ZO ZO PS PM 

ZO NL NM NS ZO PS PM PL 

PS NM NS ZO ZO PM PL PL 

PM NS ZO ZO PS PL PL PL 

PL ZO ZO ZO PM PL PL PL 
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Fig. 3 Control surface 

The scaling factors are important especially if the fuzzy sets are not customized for each case. In 

this paper, the universal fuzzy sets are used; therefore, the scaling factors are very important. By 

changing the scaling factors, the fuzzy sets can be customized for each system. To customize the 

fuzzy sets for the system, the input and out put power sets and the available output must be 

considered. 

 Since the PZT stack cannot withstand large pulling forces, negative voltage must not loaded to it. 

Hence, the fuzzy logic controller that designed above cannot be used directly. Its negative control 

signal should be inhibited. That means, if the output of the fuzzy logic controller is negative, then let 

the control voltage be zero.  

Simulation 

Simulation Parameters. The solar panel structure is modeled by 60 beam elements. The patches 

number of the PZT stack is 80. The other parameters are shown in Table 2. 

Table 2 The parameters of piezoelectric intelligent solar panel 

Description Notation Value Unit 

Length\width\thicness of the solar panel \ \s s sl b t  1200\50\4 [ ]mm  

Length\width\thicness of the PZT stack \ \a a al b t  50\30\10 [ ]mm  

Density of the solar panel \b ad d  2780 
3/kg m    

Elastic module of the solar panel\PZT stack \b aE E  3×10
10
\7.6×10

10
 [ ]Pa  

Piezoelectric constant\maximue work voltage 33 max\d U  5×10
-10
\200 [ ] [ ]/ \C N V  

CASE 1: Initial Displacement Field. Considering an initial displacement field applied to the 

solar panel structure which is obtained by a mechanical force applied at the free tip that induces a tip 

displacement equal to 0.22m. The time-domain closed-loop response of the solar panel structure with 

the fuzzy logic controller is compared with the open loop response in Fig. 4(a). The decay time of the 

bending vibration with fuzzy logic control effect is about 20s, and the low amplitude vibration will 

last for a period of time. When compared with the open-loop decay time (more than 200s), it reveals a 

great improvement on the response attenuation. The control voltage is presented in Fig. 4(b). Note 

that the peak values of control voltage do not exceed the allowable range. 
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Fig. 4 Tip displacements and control voltages for initial displacement disturbance 
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CASE 2: White Noise Excitation. Assume that a white noise excitation is applied on the tip of the 

solar panel. The time-domain closed-loop response of the solar panel structure with the fuzzy logic 

controller is compared with the open loop response in Fig. 4(a). It can be seen that fuzzy control 

system can suppress the vibration very efficiently. The control voltage is presented in Fig. 5(b). Note 

that the peak values of control voltage do not exceed the allowable range. 
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Fig. 5 Tip displacements and control voltages for white noise excitation 

Summary 

An analytical review of the flexural actuation of a flexible solar panel has been presented in order to 

formulate the bending moment induced in the solar panel by the PZT stack actuator. A fuzzy logic 

controller is designed to control the vibrations of the smart solar panel. FEM-simulation researches 

show that the fuzzy logic controller can effectively suppress the vibrations of the smart solar panel in 

a short time with appropriate choice of input and out put scaling factors. 
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Abstract.  Inspired by  the squid’s funnel which can bend flexibly, a kind of biomimetic squid funnel 

actuated by shape memory alloy (SMA) wires was developed for controlling the jet direction in this 

article. With the application of Pulse Width Modulation (PWM) technique, experimental 

investigation was conducted. And the results show that, the bending angle of the biomimetic squid 

funnel can be controlled by changing PWM duty cycle and the final stable resistance of SMA wire 

decreases while the duty cycle is increased. The relationship between the banding angle of the 

biomimetic squid funnel and the resistance of SMA wire is approximately inverse linear. The 

feasibility of jet direction control with the biomimetic squid funnel was verified by a simulated jetting 

experiment. 

Introduction 

In the ocean, the squid and jellyfish swim forward by jetting, which is unusual. Compared with the 

fin-propulsion or tai-propulsion that most fish swim through, this jet-propulsion not only can achieve 

a high speed (such as the escape jet behavior of the squid), but also can realize precise positioning in 

the slow swimming (such as the floating action of the jellyfish), and its propulsion efficiency is also 

high [1], therefore some researchers have tried to develop the biomimetic robots with jet-propulsion. 

Sung-Weon Yeom et al [2] designed and manufactured a biomimetic jellyfish robot based on ionic 

polymer metal composite actuators to mimic real locomotive behavior with pulse and recovery 

processes. Guo, shuxiang et al [3] have developed a new jellyfish type of micro robot which can 

imitate the jellyfish. This kind of micro robot has a movement process as the jellyfish does when it is 

floating and sinking. They have successfully imitated the action of jetting, but the control of jet 

direction has not been researched. 

Jet-propulsion has been successfully used in the ships, which can precisely control the direction of 

jet by different forms of vector jet devices, such as box-type jet device and Spherical jet device [4]. 

However, those devices are all achieved by mechanical transmission structure, so it’s difficult to 

apply in the small biomimetic underwater robots due to their complex structure. Though the structure 

of the squid funnel is so simple, it can control the jet direction by bending flexibly. So a kind of 

biomimetic squid funnel can be designed to fit some small biomimetic jet-propulsion robots. 

In recent years, the smart materials [5] are widely used in different kinds of flexible bending 

structure, and shape memory alloys (SMAs) are one of them. Compared with other smart materials, 

SMAs have many advantages, such as large recoverable deformation, large output force [6], easy to 

actuate and self-sensing. So SMA wires have been chosen as the actuator for the biomimetic squid 

funnel. SMAs are a unique class of metal alloys that can recover apparent permanent strains when 

they are heated above a certain temperature [7]. It can be actuated easily by electrical current, and 

Pulse Width Modulation (PWM) technique is widely used for the control of SMA [8]. 

Inspired by  the squid’s funnel, a kind of biomimetic squid funnel based on SMA wires and its 

control system were developed in this article. The biomimetic squid funnel, with the characteristics of 

simple structure, small size, noiseless when acting and bending flexible, was easily integrated into the 

small biomimetic jet-propulsion robots and it offered a new solution for the control of jet direction of 

the jet-propulsion robots. 

© (2011) Trans Tech Publications, Switzerland
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Structure of the biomimetic squid funnel  

As shown in Fig.1, the cross section of the squid’s funnel is approximate round, and the diameter of 

the circle is about 10 mm, which is a reference for design. The squid’s funnel consists of the muscular 

hydrostat, and the muscular hydrostat consists mainly of muscles with no skeletal support [9]. This 

biological structure is capable of substantial movement and deformation, so the squid funnel can bend 

flexibly. 

The funnel 

 
Fig.1 The shape of the squid’s funnel 

As shown in Fig.2, the biomimetic squid funnel consists of the corrugated pipe, the silica gel rod, 

the plexiglass sheet, SMA Wires, pipe electrode and the connector. The corrugated pipe is easy to 

bend compared with the common tube. There are three fan-shaped hollow areas and three pairs of 

small holes on the plexiglass sheet. The hollow areas are the water channel. The three pairs of holes 

are distributed in the same circle with interval of 120 degrees. The folded SMA wires were passed 

through the small holes on the plexiglass sheet in turn, and the ends of them were fixed with pipe 

electrode. The silica gel rod is made by mold, and the straightened SMA wires were imbedded in it. 

When one of the three SMA wires was heated by electrical current and was contracted, the silica 

gel rod could bend toward the side of the contracted wire. At the same time, the curved silica gel rod 

and the other two stretched SMA wires were storing a certain amount of elastic energy. When the 

SMA wire was cooling down by cutting off power supply, the storage of elastic energy was released 

and the curved silica gel rod was recovered. When two of the three SMA wires were actuated 

simultaneously, the biomimetic squid funnel could bend toward a certain direction between them.  

 The photograph of the biomimetic squid funnel is shown in Fig.3. The length of the biomimetic 

funnel was 40 mm, and the diameter of it was 16mm. The NiTi SMA was chosen as the actuator, and 

the diameter of the SMA wire is 0.2 mm. A biomimetic funnel mechanical model was established, 

and the theoretical maximum of bending angle that is 33° was calculated. 

 

Corrugated Pipe 

Silica Gel Rod 

The Connector 

Plexiglass sheet SMA Wire 
Pipe Electrode 

               
Fig.2 Structure of the biomimetic squid funnel             Fig.3 The biomimetic squid funnel 

Control system of the biomimetic squid funnel 

The  block diagram of SMA actuators control system is shown in Fig.4, the LM3S8962 

microcontroller was chosen as the control chip, and its PWM module can generate center-aligned 

PWM signals while the timer in PWM generator runs in Count-Up/Down mode. The advantage of 

this mode is that a load pulse in the center of pulse width can be used to generate an ADC trigger, 

which can simplify the program. The outputted PWM signals were amplified by the TPS2812P driver 

to drive the MOSFET and controlled the main circuit on and off.  

The main circuit connects the drive power, MOSFET, SMA wire and a resistor R in series, which 

is shown in Fig.4. The voltage across the resistor R could be detected to calculate the resistance of 

SMA wire. The advantage of this method is to avoid the using of electric current sensor, which could 
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reduce circuit complexity and improve the device integrated level. The resistance of SMA wire can be 

calculated in following formula. 

URUVR ccSMA ×−= )(                                                     (1) 

Where ccV  is the voltage of the drive power, U is the voltage across the resistor, R is the 

resistance of the resistor. 

 

Power Amplifier 

R 

SMA Wire 

MOSFET 

Vcc 

Low-pass Filtering 

Circuit 

PWM 

A/D 

LM3S8962 PC 

 
Fig.4 The block diagram of SMA actuators control system 

The control system program consists of the PC program and the microcontroller program. The 

microcontroller program consists of the main program and the AD interrupt program. In the AD 

interrupt program, the voltage collected across the resistor is converted to the resistance of SMA wire 

according to Eq.1. All data types are converted to strings of ASCII characters then they are transmitted 

to the PC computer through a serial port. 

Experiments and results 

The PWM technique was applied to control the SMA actuators. When the PWM cycle was fixed, the 

bending angle of the biomimetic squid funnel and the change of the resistance of SMA wire were 

measured at different duty cycle. A simulated experiment of jetting was conducted at last. 

The bending angle of the biomimetic squid funnel under different PWM duty cycle. The 
maximum bending angle that the biomimetic squid funnel could reach under water was measured 
under different PWM duty cycle. At beginning, the duty cycle is 10%, and then it is increased with 
intervals of 5%. The drive voltage is 8 V and the PWM cycle is 16 ms. The results showed that the 
biomimetic squid funnel could not bend when the duty cycle was less than 15%. After that, the 
bending angle increased linearly as the duty cycle increased, as shown in Fig.5.  
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Fig.5 The bending angle under different duty cycle 

The bending angle reached its maximum of 33° when the duty cycle was more than 50%, as shown 
in Fig.6. 

  
      Fig.6 The maximum banding angle of the biomimetic squid funnel under water 

Variation of the SMA wire resistance under the fixed duty cycle. A fixed duty cycle PWM 
signal was used to control the heating and cooling of SMA wire, and the voltage signal across the 
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resistor R was detected in the center of pulse width, then the SMA wire resistance signal was acquired 
by Eq.1. The experimental resistance curve which is detected under the condition of 40% duty cycle is 
shown in Fig.7. The curve1 is the original signal which exist some noise, and the curve2 is the signal 
after smoothing with the origin software.  

Judging from the curve2, variation of the SMA wire resistance can be divided into three stages. 

The AB stage is the up stage. General speaking resistance of metals increases as the temperature 

increases, so the resistance of SMA wire increases slightly at the beginning. The BC stage is the down 

stage. As the temperature continued to raise, SMA wire started to transform from the martensitic 

phase to the austenitic phase, thus the resistance of SMA wire decreased as the austenite composition. 

The CD stage is the stable stage. When the heating and cooling of SMA wire reached dynamic 

equilibrium, the SMA wire temperature was kept in constant, and the ratio of austenite and martensite 

constituents remained unchanged, so did the SMA wire resistance.  

The resistance of the SMA wire rose slightly in the AB stage, but since the reverse phase 

transformation (martensite-to-austenite) didn’t start, the SMA wire generated no deformation; 

therefore the biomimetic squid funnel didn’t bend at this stage. In the BC stage, the resistance of the 

SMA wire decreased linearly, and each value corresponds to a phase transition point. And different 

phase transition points correspond to different deformation of the SMA wire, therefore each 

resistance of SMA wire in the BC stage corresponds to a bending angle of the biomimetic squid 

funnel. 
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Fig.7 Variation of the SMA wire resistance under 40% duty cycle  

Relationship between the resistance of SMA wire and the bending angle of the biomimetic 

squid funnel. Variations of the resistance of SMA wire under different duty cycle were measured by 
experiment. As shown in Fig.8, the curves were smoothed by origin software. As seen from the chart, 
the curves coincide together in the up stage and are distinguished by different slope in the down stage. 
The higher the duty cycle is, the faster the heating rate is and the faster the phase transition process is. 
So the slope of the curve becomes steeper as the duty cycle increases. In the stable stage, the 
resistances that reached stable under different duty cycle were different. The higher the duty cycle is, 
the smaller the resistance is. 

The relationship between the banding angle of the biomimetic squid funnel and the resistance of 
SMA wire is approximately inverse linear, as shown in Fig.9. This provides a basis for the use of the 
electrical resistance of SMA wires as a feedback signal. 
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Fig.8 Variations of the resistance of SMA wire     Fig.9 Relationship between the resistance of SMA wire 

under different duty cycle                      and the bending angle of the biomimetic squid funnel 
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The simulated jetting experiment. As the Fig.10 shows, a square experimental device was 
designed for the simulated jetting experiment. The biomimetic squid funnel was fixed in the front of 
the device. The water flowed into the hole in the back of the device, and spurted out of the biomimetic 
squid funnel to simulate jetting. As shown in Fig.11, the biomimetic squid funnel verified its ability of 
control of the jet direction under the flow. Compared with static water, the processing of bending was 
slowed down and the maximum of bending angle was sharply decreased due to hydraulic impact. So 
the load capacity of the biomimetic squid funnel should be enhanced, like using SMA wires whose 
diameter is bigger. 

                                 
Fig.10 Experimental device              Fig.11 Control of  jet direction under the flow 

Conclusions 

In conclusion, we proposed a kind of biomimetic squid funnel actuated by SMA wires that could 

bend flexibly to imitate the squid’s funnel for controlling the jet direction. The PWM technique was 

applied to control SMA actuators. The bending angle of the biomimetic squid funnel can be 

controlled by changing duty cycle of PWM. The bending angle can reach its maximum of 33°, and the 

relationship between the banding angle of the biomimetic squid funnel and the electrical resistance of 

SMA wire is approximately inverse linear. The biomimetic squid funnel verified its ability of control 

of the jet direction through a simulated jetting experiment.  
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Abstract. In this paper, a new iterative scheme for finding a common element of the set of fixed 

points of a nonexpansive mapping and the set of the variational inequality for an inverse-strongly 

accretive operator in a 2-uniformly smooth Banach space was introduced . It was verified that the 

sequence converged to a common element of two sets . 

Introduction and Preliminaries  

Let E  be a smooth Banach space with norm || ||⋅ , E∗ denote the dual of E , and ,x f〈 〉  

denote the value of f E∗∈  at x E∈ . Let C  be a nonempty closed convex subset and A  be an 

accretive operator of C  into E . The variational inequality problem is to find a solution 

u C∈ such that , ( ) 0,Au J v u v C〈 − 〉 ≥ ∀ ∈ , where J is the duality mapping of E into E∗ .  

Let { }: 1ES v E v= ∈ = . A Banach space E  is said to be uniformly convex if for each 

(0, 2]ε ∈ ,  there exists 0δ >  for each , Ex y S∈ , 

2
|| || implies || || 1

x y
x y ε δ+− ≥ ≤ −                (1.1) 

A Banach space E is said to be smooth if 
|| || || ||

0lim
x ty x

t t

+ −

→  exists for all , Ex y S∈ .. The form of E  

is said to be Frećhet differentiable if for each Ex S∈ , 
|| || || ||

0lim
x ty x

t t

+ −

→  is attained uniformly for 

Ey S∈ . And we define a function :[0, ) [0, )ρ ∞ → ∞  called the modulus of smoothness of E  as 

follow: 

( ){ }1
2

( ) sup 1: , , 1,t x y x y x y E x y tρ = + + − − ∈ = =          (1.2) 

It is known that E  is uniformly smooth if and only if 
( )

0lim 0
t

t t

ρ

→ = . Let q  be a fixed real 

number with 1 2q< ≤ . Then a Banach space E is said to be q -uniformly smooth if there exists a 
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constant 0c > such that ( ) qt ctρ ≤  for all 0t > . For example, see[1] for more details.  

Let C  be a nonempty closed convex subset of a smooth Banach space E . For 0λ > , a 

operator A  of C into E  is said to be α -inverse strongly accretive if for all ,x y C∈  

2, ( ) || ||Ax Ay j y x Ax Ayα〈 − − 〉 ≥ −                                 (1.3) 

where ( )j y x− is normalized duality mapping. It is obvious that 1Ax Ay x yα− ≤ − .  The variational 

inequalities can be characterized by using sunny nonexpansive retractions [2]. 

Lemma 2.1: Let C  be a nonempty closed convex subset of a smooth Banach space E . Let CQ  

be a sunny nonexpansive retraction from E onto C and let A  be an accretive operator of C  into 

E . Then for all 0λ > , VI( , ) ( ( )),CC A F Q I Aλ= −  where 

VI( , ) { : , ( ) 0, }C A u C Au J v u v C= ∈ − ≥ ∀ ∈ . 

Lemma2.2 Let C  be a nonempty closed convex subset of a 2-uniformly smooth Banach space E . 

Let λ >0 and A  be an α -inverse strongly accretive operator of C  into E . If 20 / Kλ α< ≤ , 

then I Aλ−  is a nonexpansive mapping of C  into E , where K  is the 2-uniformly smoothness 

constant of E . 

Proof: From [3] we can get that for all ,x y C∈ , 

2 2 22 2

2 2 22 2

2 22

( ) ( ) 2 , ( ) 2

2 2

2 ( ) .

I A x I A y x y Ax Ay J x y K Ax Ay

x y Ax Ay K Ax Ay

x y K Ax Ay

λ λ λ λ

λα λ

λ λ α

− − − ≤ − − − − + −

≤ − − − + −

≤ − + − −

           (1.4) 

Note that 20 / Kλ α< ≤ , so I Aλ−  is a nonexpansive mapping of C  into E . 

Main results 

In this paper, we introduce a new iterative scheme for a nonexpansive mapping S  and an 

inverse-strongly accretive operator A  in a Banach space. Then we prove a strong convergence. We 

generalize the results of Iiduka [4] into 2-uniformly smooth Banach spaces, and our proof is more 

succinctness than [4]. 

Theorem3.1: Let E  be a uniformly convex and 2-uniformly smooth Banach space with the best 

smooth constants K  and let C  be a nonempty closed convex subset of E . Let A  be an 

α -inverse strongly accretive operator of C  into E and let :S C C→  be a nonexpansive 

mapping such that ( ) VI( , )F S C A φ∩ ≠ , where ( )F S  is the set of fixed points of S . For arbitrary 

1x x C= ∈ , define a sequence{ }nx by 

[ ]1 1
1 2 2

(1 ) ( )n n n n C n n nx x Sx Q x Axα α λ+ = + − + −                 (2.1) 
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where :CQ E C→ is a sunny nonexpansive retraction, { }nα  and { }nλ are real sequences in (0,1) 

satisfying: 

(i) 2[ , ] (0, ]n K
a b αλ ∈ ⊂  and 1

1

| | ;n n

n

λ λ
∞

+

=

− < ∞∑  

(ii) 1

1 1

lim 0, and | |n n n
n n

n n

α α α α
∞ ∞

+
→∞

= =

= = ∞ − < ∞∑ ∑  

then{ }nx  converges strongly to ( ) VI( , )F S C AQ x∩ . 

Proof:  Put 1 1
2 2

( )n n C n n ny Sx Q x Axλ= + − . For ( ) VI( , )u F S C A∀ ∈ ∩ , it follows from Lemma 2.1 

and Lemma 2.2 that  

( ) [ ]1
2

1 1
2 2

( ) ( )

( ) ( )

n n C n n n C n

n n n n n n

y u Sx u Q x Ax Q u Au

x u x Ax u Au x u

λ λ

λ λ

− = − + − − −

≤ − + − − − ≤ −
        (2.2) 

It follows from (2.2) that 

( ) ( )1 (1 )

(1 )

n n n n

n n n

x u x u y u

x u x u x u

α α

α α

+ − = − + − −

≤ − + − − ≤ −
              (2.3) 

Therefore, { }nx is nonincreasing and hence limn nx u→∞ −  exists. So { }nx is bounded. Thus 

{ }ny and { }nAx are bounded. Suppose{ }nAx is bounded by 1M . 

Next we will show 1 0n nx x+ − → . Note that 

1 1
1 1 1 1 12 2

1 1
1 1 1 12 2

1 1

1 1 1
1 1 1 12 2 2

1 1 1
1 1 12 2 2

( ) ( )

( ) ( )

( ) ( )

( )( ) ( )

n n n n C n n n C n n n

n n n n n n n n

n n n n n n

n n n n n n n n

n n n n n n n

y y Sx Sx Q x Ax Q x Ax

x x x Ax x Ax

x Ax x Ax

x x I A x x Ax

x x x x Ax

x

λ λ

λ λ

λ λ

λ λ λ

λ λ

+ + + + +

+ + + +

+ +

+ + + +

+ + +

− ≤ − + − − −

≤ − + − − −

+ − − −

≤ − + − − + −

≤ − + − + −

≤ 1

1 12
.

M

n n n nx λ λ+ +− + −

        (2.4) 

And then from this we have  

( )1

1

1 1 1 1 1 1

1 1 1 1

1 2 1 12

1 2 1 12

(1 ) (1 ) (1 ) (1 )

(1 )

(1 )

(1 )

n n n n n n n n n n n n

n n n n n n n n

M

n n n n n n n

M

n n n n n n n

x x x y y y x y

x y y y

M x x

x x M

α α α α α α

α α α α α

α α α λ λ

α α α λ λ

+ − − − − −

− − − −

− − −

− − −

− = + − − − + − − − −

≤ − + − − + −

≤ − + − − + −

≤ − − + − + −

  (2.5) 

where 2 1max{ }nM x y −= + .Put 1n n na x x −= − , 2 1n n nb M α α −= − , 1

12

M

n n nc λ λ −= − , then the last 

inequality (2.5) reduces to 1 (1 )n n n n na a b cα+ ≤ − + + , where ( )n nb o α=  and 
1

n

n

c
∞

=

< ∞∑ . By [5], we 
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conclude that 0na → .  

Following this and the inequality (2.4) we have 1 0n ny y −− → . It is obvious that 

1 1 1

1 1 1

( ) ( )n n n n n n

n n n n

x y x y y y

x y y y

α

α

− − −

− − −

− = − + −

≤ − + −
              (2.6) 

Combining the condition 1 0n ny y −− →  and 0nα →  we have lim 0.n n
n

x y
→∞

− =  

Since { }nλ is bounded, there exists a subsequence { }
inλ convergent to [ , ]a bλ∈ . Without loss 

of generality it may assume that nλ λ→ . Define a mapping :T C C→  by 

1 1
2 2

( )CTx Sx Q I A xλ= + −  for all x C∈ . Then we can prove T  is nonexpansive 

and ( ) ( ) VI( , )F T F S C A= ∩ . By a result of Reich [6], for x C∈  and each t (0,1)∈ , there exists a 

unique tx C∈  such that (1 )t tx tx t Tx= + −  and tx converges strongly to ( ) ( )F Tz Q x= as 0t → . 

From T  is nonexpansive we have 

2 2

, ( ) , ( ) (1 ) , ( )

(1 ) , ( )

, ( ) (1 ) (1 )

t n t t n t n t n t n t n

n n t n

t t n t n t n n n t n

x y t x x j x y t x y j x y t Tx Ty j x y

t Ty y j x y

t x x j x y t x y t x y t Ty y x y

− = − − + − − + − − −

+ − − −

≤ − − + − + − − + − − −

  (2.7) 

Hence 30 , ( ) (1 )t t n n nt x x j x y t Ty y M≤ − − + − − , where 3 max{ }t nM x y= − . This is equivalent 

to 1
3, ( ) , where (0,1), 1.t

t n t n nt
x x j y x M Ty y t n−− − ≤ − ∀ ∈ ∀ ≥  Put 1 1

2 2
( )n C nT S Q I Aλ= + − , 

then n n ny T x= . So 

n n n n n n n n n n n n nTy y Ty T y T y y Ty T y y x− = − + − ≤ − + −      (2.8) 

Therefore, for any given (0,1)t∈ , we obtain lim sup , ( ) 0.t n t
n

x x j y x
→∞

− − ≤  Let 0t → , we have 

that 
0

lim sup lim sup , ( ) 0.t n t
t n

x x j y x
→ →∞

− − ≤  Since E  is uniformly smooth, then the norm of E  is 

uniformly Fréchet differentiable and uniformly Gâteaux differentiable. Thus  

0

0

lim sup , ( ) lim sup lim sup , ( )

lim sup lim sup , ( ) 0

n t n t
n n t

t n t
t n

x z j y z x x j y x

x x j y x

→∞ →∞ →

→ →∞

− − = − −

= − − ≤
         (2.9) 

Following this we can get 
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2 2

1

2 22 2 2

2 22 2

2

( ) (1 )( )

(1 ) 2 (1 ) , ( ) 2

(1 ) 2 2

(1 ) ( ),

n n n n

n n n n n n

n n n n n

n n n

x z x z y z

y z x z j y z K x z

x z K x z

x z o

α α

α α α α

α α σ α

α α

+ − ≤ − + − −

≤ − − + − − − + −

≤ − − + + −

= − − +

  (2.10) 

where max{0, , ( ) } 0n nx z j y zσ = 〈 − − 〉 → . Put || ||n na x z= − , then  

1 (1 ) ( )n n n na a oα α+ ≤ − + . 

Weng's lemma [7 ] implies 0na → , that is, nx z→ . The proof is completed. 
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Abstract. Introducing the structures of Multi-layer electromagnetic screens and elaborating the 

working principle of Multi-layer electromagnetic screens, we have carried on the computation to the 

related parameter in the foundation of dynamics analysis. The designing adopts the vibration modes 

and principles of the transmission, takes electro-magnetic vibrator as vibration source, encourages 

to drive four vibration shafts through the vibration transmission system at the same time, and 

eventually the materials are passed then sifted out the screen mesh. The products have small space 

occupation, the high vibration intensity, large capacity, easy to operate, stable performance, high 

efficiency, low power consumption, small dynamic and self cleaning sieves, etc.  

Introduction 

Multi-layer electromagnetic screens are a new type of mechanical solid materials screen. They 

adopt the vibration modes and principles of the transmission, take electro-magnetic vibrator as 

vibration source, encourage to drive four vibration shafts through the vibration transmission system 

at the same time, and eventually the materials are passed then sifted out the screen mesh. 

The products have small space occupation, the high vibration intensity, large capacity, easy to 

operate, stable performance, high efficiency, low power consumption, small dynamic and self 

cleaning sieves, etc. er.  

Working principles and Structure outline  

Working principles. Multi-layer screens take electromagnetic vibrator as powered sources, and 

driving gears drive vibration mechanism to vibrate screen mesh but the screen boxes basically not 

intact. At the same time, the vibration system is in a State of near-resonance, so smaller driving 

forces will be able to meet the needs of amplitude. Vibration structures see Figure 1, Figure 2. 

28 7 6 5 4 3 19
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O 1
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 Fig. 1 drawing of Vibration structures 
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In the figure: 1-screen box, 2-shell of vibration generator,3-electromagnet , 4-bolt components of 

gag bit dynamical conditions, 5-The rubber host shakes spring,6-the force transmission,7-rubber 

spring 8-Vibrating rod, 9-Rubber torsion spring, 10-Vibration isolation spring. 
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Fig. 2 drawing of Vibration                Fig.3 The structure electromagnetic screen  

              

In the figure: 11-Vibration axis, 12-Vibration arm, 13-the cap of mount vibration 

apparatus,14-screen mesh 

The electro-magnetic vibrators are composed by 2 shell of vibration generator, 3 electromagnet, 

4 bolt components of gag bit dynamical conditions, 5 the rubber host shakes spring. Shell of 

vibration generator 2 is fixed the outside of screen boxes’1 side panel, electromagnet combined 

with shell of vibration generator, bolt components of gag bit dynamical conditions separately 

located at two rubber host to inspire the spring of shell's inside and outside, installed in the shell, 

among the electromagnets and bolt components of gag bit dynamical conditions remain far airgap δ. 

Bolt components of gag bit dynamical conditions are fixed on the end of the O2 point of the force 

transmission 6.The end of 8 vibrating rod articulates with 7 the rubber host shakes spring at O1 

point,and the other end of 8 vibrating rod is fixed on 9 vibration axis.9 vibration axis is across the 

screen box, and it puts below the screen mesh in a level which is fixed on several vibration arms 12 

on a certain angle which  loads 13 the cap of mount vibration apparatus .  

Electricity flows through silicon-controlled rectifier half-wave rectification input coil, the closure 

magnetic which is composed by electromagnet and gag bit generates alternation magnetic flux. 

Electric magnet generates the electromagnetic force which makes the armature of frequencies by 

50hz
[2]

. The gag bits’ vibration drive O1 the end of 8 vibrating rod through the force transmission 6, 

also the 8 vibrating rod drives 11 vibrating rod making the torsional vibration take O spot as the 

center of rotation, thus vibrating arm 12 and the cap of mount vibration apparatus 13 as in the figure 

a in the direction of reciprocating vibration (a to perpendicular to the vibration arm).  

Structure outlines: 

The gross structure of electromagnetic screen is as shown in Figure 3. 

In the figure: 1-screen box, 2-feeding box, 3-Tilting fillet antivibration combination, 4-rack, 

5-Receiving vat 

Laminated screen box is divided into single and double with two forms. A single screen box only 

has a channel which only has installed a vibrator, duplex has two channels on both sides of which is 

equipped with a vibrator. The screen mesh is composed by three nets, the following contacts with 

the vibration hat is holds the net, generally for steel wire core polyurethane net or big aperture steel 

wool. 

What above with material contact is the working net, is being composed together by two 

different aperture's strainer cementations. This kind of strainer has light quality, and the percentage 
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open area is high. The feeding box is transported the materials, which causes the materials along the 

screening surface uniform distribution, full screening. Because the feeding box has different basis 

structures, so it join with sieves by the different way. Tilting fillet antivibration combination and 

rack is connected with the main parts, installed in the tube beam supported by the screen box. The 

tilting fillet antivibration combination only plays screen box and rack's elastic joint role, 

simultaneously may have the adjustment block adjust the angle of the screen  box.  

Vibrating system's dynamics analysis and parameter computation 

Dynamics analyze 
[3]

. In the vibration partial quality system the vibrating arm, inspires the 

moving axis, to vibrate the arm, the rapid installation to vibrate hat's movement is take inspires 

moving axis's axle center O spot to make the twisting motion as the center. 

According to the translation principle ,it is equal to translate into an equivalent quality O1 points 

to the left, right, translational motion, that is the O point of inertia J is equal to the  1O point of an 

equivalent quality 
1om product with the square of the OO1 distance: ( )21o1 OOmJ ×= , 

2

1

o1

OO

J
m = ; Supposes the first quality system's quality is 1M , the second quality system's quality 

is
2M .  

According to the above principle, reverses spring's torsional rigidity is also equivalent to 

transform the O1, which is compression spring's rigidity. In elastic system, main vibration rubber 

spring 5 and rubber torsion spring 9 is parallel. Therefore between 1M and
2M has two springs 

parallel, its total rigidity inspires the spring 5 rigidities and the rubber reverse spring for the rubber 

host 9 sum in the equivalent rigidity.  

F(t)

M1

M2

                    

M
F(t)

F
K

X

 

 Fig. 4 Vibrating system's mathematical model       Fig.5  Forced vibration system of  

one freedom degree 

 

According to the above analysis, vibrating system's mathematical model as shown in Figure 4, 

this is a double quality and two degree-of-freedom forced oscillation systems. Because the quality 

2M is bigger than the quality 1M , therefore the quality 
2M oscillation amplitude must be smaller 

than 1M far the oscillation amplitude, 
2M approximate motionless, the small oscillation amplitude 

passes to the ground through the isolation spring, to move the load to be small, which is 

approximate in overall system's static load. 
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Appropriate identification 1M , 
2M  main vibration between stiffness of the spring, you can 

make the system of vibration which is near its vibration, allowing smaller force to obtain necessary 

amplitude, power consumption can reduce. 

Kinetic Parameters Calculation 

Double mass forced vibration mathematical model of two freedom degrees are shown in fig.5. 

It can be converted into one freedom degree forced vibration system, which mass is M is shown in 

fig.6,and the kinematics differential equation is 

       ( )tFkx
dt

dx
f

dt

dx
M

2

2

=++
[4]

                          (1) 

in the formula:   M—Induction quality  
21

21

MM

MM
M

+

×
=    

             f—Relative damping coefficient 

                 K—stiffness of spring 

             F(t)—Vibration force 

           the particular solution is: ( )α−ωλ= tsinx           (2) 

in the formula: λ—Relative Amplitudes between M1 and M2 

               ω—rotary angular velocity vibration axis 

               t—time 

              α—phase difference between relative movement and exciting force  

In this screen machine, electromagnetic force obtains by silicon half wave  rectification 

controlled, which is periodic, discontinuity, and inharmonic, of which cycle is 2π. And the 

electromagnetic force is consisting of average electromagnetic force, first harmonic and secondary 

harmonic.  

( ) 2a1aa t2sinF
2

1
tsinF2F

2

3
tF ω+ω+=               (3) 

In the formula:  Fa —Basic electromagnetic 

           ω—Supply angular frequency 

           t1—the time of the harmonic excitation force 

           t2—the time of the second harmonic excitation 

putting (2) and (3) formula into(1)formula, the λ is obtained: 

( ) 2

0

222

0

a

Zb4Z1

1

K

F

+−

=λ                      (4) 

In the formula: λ—relative Amplitudes between M1 and M2 

             K—spring staff 

          Fa —fundamental electromagnetic force 

             Z0—frequency ratio, Z0=0.9 

             b—relative damping ratio, b=0.05 

From the (4) formula, we can obtain: 

Fundamental electromagnetic force: ( ) 2

0

222

0a Zb4Z1KF +−λ=     

   Phase difference:
2

0

0

Z1

bZ2
arctg

−
=α  
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Innovations and application value 

The structural design of multi-layer electromagnetic screens can enhance the single 

performances and screening efficiency. In addition, it is an effective way to reduce the equipment 

land area, and increases the work capacity in unit area, improving the performance and price. 

The electro-magnetic vibrator drive the groups vibration structure to vibrate the screen mesh 

with drive devices, which forms a high performance electro-magnetic vibrator. So this device has 

the virtue of stringently screening, and high efficiency.    

Dynamic characteristic of vibration structures are easy to converge, and the equipment 

adjustment decreases. There's been a measureable improvement in new electromagnetic screen, 

small quantity, low cost and low energy consumption. 

The screen products of every screen box flow above and under of screen, then assemble 

together to come out. 

The test results and screening operation indicates that this device has the virtue of smooth runs, 

high processing ability and high efficiency. So it has broad application prospect in in many fields, 

for example, concentrates in particular in ore dressing industry, the dry wet screening of metal and 

nonmetallic ore powder, drives technology innovation, and gains great economic benefits and social 

benefits.  
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Abstract. In this paper, the steady-state Stokes problem is discussed on a plane polygonal domain 
2R∈Ω . We propose a finite element method on overlapping non-matching grids for the Stokes 

problem based on the partition of unity method. The construction and stability analysis of a global 

conforming finite element method are studied, and our results are valid for any spatial dimensions. 

Introduction 

We consider the steady-state Stokes Problem on a plane polygonal domain 2R∈Ω  
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Where Tuuu ),( 21= denotes the velocity vector function, p  represents the pressure scalar 

function. Let Ω be a bounded domain with boundary Ω∂  and Γ  be a closed subset of Ω∂ . By 

);(1

0 ΓΩH  we denote the closure in 1H -topology of )(Ω
∞C  functions that vanish in a 

neighborhood of Γ , simply )(1

0 ΩH );(1

0 Ω∂Ω= H . Define space of velocity and pressure  function 
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variational formulation of the problem (1) is, find the pairs ),(),( PVpu ∈ , such that  
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Where a bilinear form ),( ⋅⋅a  is the Dirichlet form onΩ been definded by ∫Ω ∇⋅∇= ,),( vdxdyuvua                          

and  ).,(),(),( vqvqqvb ∇−=∇=    We assume that the BrezziBabuska − condition  

,||,||
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),(
sup 0

,1

PppC
v

vp
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∈∀≥
∇
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                                                  (3) 

holds for a positive constant 0C .Consequently, there is a unique solution ),(),( PVpu ∈ of the 

problem (2). 

In recent years, there have been considerable interest in the use of overlapping grids.Using a 

partition of unity technique on overlapping nonmatching grids (see [1-3],[5-6]), the conforming 

finite element method has roots from Huang and Xu in [1]. The new finite element discretization for 

elliptic boundary value problems was introduced by Huang and Xu in [1]. A significant amount of 

literature was dedicated to numerical solution of the Stokes Problem (cf. [2, 4] and their references ). 
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In this paper, following the ideas of Huang and Xu in [1] and [2],the stability analysis of a global 

conforming finite element for the Stokes Problem shall be given, and the results of literature [2] 

have been improved in some kind of significance. 

Construction of the finite element spaces 

Let 21 ,ΩΩ be overlapping sub-domains of Ω satisfying 21 Ω∪Ω=Ω  and 210 Ω∩Ω=Ω .We 

further assume that 21 ,ΩΩ are partitioned by quasi-uniform finite element triangulation (or 

quadrilateral )
1hT  and 

2hT of maximal mesh sizes 1h and 2h (with might not match on 0Ω ). Again, 

just for the sake of simplicity, we assume that 0Ω is a strip-type domain of width )( 1hOd = and 

)(, 2121 hOhhh =≥ . 

To obtain a conforming discretization of the variational problem (2), we define the local finite 

element subspaces as 
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where 1P  denotes the set of polynomials in two variables of degree at most one. On subdomain 

iΩ , for the finite element pairs ))(),(( i

h

i
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The definition of Bubble Function Space 2
hT

B associated with the partition 21 hhh TTT ∪= shall be 

given (see section 3 and section 4). We can employ the partition of unity functions }{ iϕ  to glue all 

the local subspaces together. Therefore, the first type finite element pairs is 
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The second type finite element pairs is 
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In the next two sections, we shall obtain that the pairs of conforming finite element space 

))(),(( ΩΩ
hh PV  as described in (6), (7), and the stability analysis of a global conforming finite 

element for the Stokes Problem shall be given. 

The stability for the first type finite element pairs 

For a triangle element hTE ∈ , we define the first type bubble function ),( yxBE  supported on E  

as the product of the nodal functions associated with the vertices of E , namely, 
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where ),( yxiλ  is the nodal basis function with the ith-vertex of E . The first type bubble function 

space be called 
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}.|{ h

ET
TEBB h ∈=                                                             (9) 

Lemma 1 ]2[ . For the pairs  is defined as (6), (7), if exists two operators ),2,1(: =→Π iVV
h

i  

with the 

following properties 

,|||| ,1,11 ΩΩ
≤Π− vCvv   forall  Vv ∈ ,                                          (10) 

,|||)(| ,1,112 ΩΩ
≤Π−Π vCvI    forall  Vv ∈ ,                                     (11) 

0),( 2 =Π− qvvb ,     forall  Vv ∈ , hPq ∈ .                                     (12) 

Then the BrezziBabuska − condition is satisfied in Ω .  

Theorem 1. For the pairs is defined as (6), if overlapping sub-domain 0Ω  is a strip-type domain, 

and hTE ∈∀ , such that )(|| 2hOE = , )(|| 0 hO=Ω .Then the first type finite element pairs ),( hh PV  

are a stable pairs.  
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Then the formula (10) is satisfied. Next, we define operator ,,),,(|, 22

h

EE TEVvyxBv ∈∈∀=ΠΠ α  
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Because of (15) and (16), we obtain 
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Which proves that (11) holds and concludes the proof of the theorem. 
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The stability for the second type finite element pairs 

For right-angled triangle element hTE ∈ , assume  R  is inscribed square in E , with sides that 

are l2  in length, such 

that },|),{( lyylylxxlxyxR +≤≤−+≤≤−= , and ),( yx  is the center coordinate of square 

R . We define the second type bubble function )2,1(),(, =jyxB jE  supported on R  as follow 
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The second type bubble function space be called }.,{ 2,1, EEE BBspanB =  

Theorem 2. For the pairs  is defined as (7), if overlapping sub-domain 0Ω  is a strip-type domain, 

and hTE ∈∀ , such that )(|| 2hOE = , )(|| 0 hO=Ω .Then the second type finite element pairs 

),( hh PV  are a stable pairs.. 

Proof. The operator 1Π and proof of (15) are similar to Theorem 1. For Vv ∈∀  and right-angled 

triangle element hTE ∈ , assuming hVV →Π :2 , we have 
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then (11) is satisfied, thus completes the proof. 
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Abstract. Prior matrix and surveyed link volumes were, in most cases, employed to estimate 

origin-destination matrix. With the development of BOT and of congestion pricing, charged links 

become an important component of road network, due to the fact that the tolling data: volumes and 

travel time on pricing entry-exit are traffic information, both cost-free and accurate. In this paper, we 

put forward a bi-level programming model, taking account of data on charging entry-exit to estimate 

OD matrix based upon the traditional model. Meanwhile, a heuristic method -the simulated annealing 

approach - is utilized to solve the OD estimation problem. Results of examples indicate that the 

accuracy of estimation will be improved while adding the tolling data, and that it is feasible to 

calculate OD matrix by combining the volumes and travel time on entry-exit with partial common 

link flows. In this light, this way can be applied to enhance accuracy, and also to reduce the cost spent 

on surveying the link flows in common OD matrix estimation. 

Introduction 

Origin-destination (OD) information is commonly deemed the important fundamental traffic data for 

transportation planning and management. In direct survey method of OD table there are some 

intractable problems (e.g., high cost, low sample rate, low statistical accuracy and long updated 

period). Thus, the estimation approach, which is depended on observed link flow and prior OD table, 

is used to get high effective and accurate OD demand.  

There are some classical mathematical methods to estimate static OD matrix based on traffic link 

flows, such as maximum likelihood method, maximum entropy model, generalized least square 

model (GLS), Bayesian model and bi-level programming model. For instance, in order to solve the 

problem of sampling errors of observed link flows, Zhang and Lam presented O-D matrix estimation 

model combining maximum likelihood and Bayesian estimators[1]; Wang and Sun made use of an 

improved entropy maximum model and path iteration algorithm to estimate OD matrix on large-sized 

transport network[2]. Meanwhile, some researchers adopted GLS method to calculate OD matrix. For 

example, Martin L. Hazelton[3] discussed a statistical model of route choice proportions and 

developed a GLS OD estimation model depended on this route choosing method; Javier Doblas et al. 

estimated and updated observed OD matrices based upon available link flow information by means of 

the non-linear programming approach [4].  

To estimate OD table, Fisk in 1989[5] firstly proposed the bi-level program, whose upper model 

always was expressed as the aforementioned models. Some pursuers focused on this method and 

commonly utilized GLS model to develop upper objective function. For example, in Yang’s research, 

a bi-level programming model, which integrated the conventional GLS model and the standard 

network equilibrium model, has been adopted for the purpose of OD matrix estimation in congested 

networks[6]. Given a target OD matrix and link flows, Lundgren and Peterson[7] presented a bi-level 

model using GLS method to estimate OD matrix. Maher and Zhang formulated as bi-level 

programming models [8] the problems of trip matrix estimation and traffic signal optimization on 

congested road networks. In fact, the bi-level program is not only a mathematical optimization 

problem, but also a computation problem. Many effective algorithms, such as spread Spiess’s 

gradient algorithm[4], heuristic iterative algorithm and sensitivity analysis method [6] and descent 

heuristic algorithm[7], have been developed to solve such problems. 
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The studiers mainly paid attention to link flows and prior OD matrix in both static and dynamic OD 

matrix estimations. Though some researchers have referred to entry-exit volume[9], they simply 

applied these data to calculate OD pairs directly or to adjust errors of link flows other than integrated 

them into the process of back-calculation. Actually, because the vehicles in different OD zones may 

operate in one entry or exit, the direct statistic of OD and calculation of link flows may be incorrect. 

With BOT development and congestion pricing implementation, it is easier and more precisely to 

collect traffic data on tolling entry-exits. The entry-exit flows are not only the linear maps of link 

flows but also are reflective of the path choice probabilities. Furthermore, the travel time on entry-exit 

is the subset of path cost that exerts a great impact on equilibrium traffic assignment. For these two 

reasons, flows and travel time on entry-exits are added into the OD matrix estimation model using 

least square method in the section2. The improved model may have practical meaning to reduce the 

cost spent on link flows collection to satisfy the models and to improve the accuracy of estimation.  

The OD estimation model with tolling data 

In this section, four kinds of traffic data were integrated into upper objective function with GLS 

method and the lower traffic assignment problem was modeled by the fixed demand deterministic 

user equilibrium program. The four specific data are prior OD demand, common link flows, volumes 

and travel time on tolling entry-exits. They are dealt as four dimensionless items, and named as the 

sum of relative error.  

Upper model:   
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Where wD and�
wD  respectively represents the estimated traffic demand and prior traffic demand on 

OD pair w ; D is the vector of wD . Let aV
∗  denote the actual volume of common link; bV

∗ and 

0w

∗τ stand for actual flow on tolling entry-exits and real travel time on tolling entry-exits respectively. 

And, ( )aV D , ( )bV D , 0 ( )w Dτ  are the optimal solution of the lower programming model. 1

wπ and 2

wπ  

are the lower and upper percentage bounds of each OD pair demand. The formula in the upper model 

includes four sections, which are the sums of relative error of corresponding traffic data item. Let 

( 1,2,3,4)i i =λ indicate the weight of each section.  
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Where travel time of each link at is a positive, strictly monotonously increasing and continuously 

differentiable function with respect to its own traffic flow av . The notation w

pf  represents the traffic 

flow on route ,wp R w W∈ ∈ . The symbol w

apδ  equals 1 if route p  between O-D pair w W∈  uses link 

a A∈ , and 0 otherwise. Let I denote the set of entry nodes and J the set of exit nodes; and let ijq  be 

the traffic flow between entry-exit pair , , ,i j i I j J∈ ∈ on the tolling sub-network (equate to ( )bV D ); 

and ijx stand for the tolling level. Where 1w

ijp =δ if path p connecting OD pair ,r s uses the tolling 

sub-network through entry-exit pair ,i j , and 0 otherwise. 

There are many existing effective methods to solve the bi-level program, such as sensitivity analysis, 

simulated annealing method and genetic algorithms. In this paper, we use the simulated annealing 

method to solve the upper level program and the Frank-Wolfe method to solve the traffic assignment 

problem in a transformed network[10]. Given the charged network, how to transform the network for 

standard Frank-Wolfe method and the detailed procedure of SA please refer to reference [11]. 

Numerical example 

Figure 1 is a network with 14 nodes and 46 inks. Links 33-38 are charged and the corresponding toll 

entry-exits are connected by node 4, 5, 6 and 7. The link travel time function is 

( )
4

0

0
1 0.15 a

a a a

a

v
t v t

C

  
 = +     

 

The values of 0

at  and aC  for each link are given in Table 1. There are 8 OD pairs in the network, and 

the actual OD demands are shown in Table 2. The pricing levels for toll roads are provided in Table 3. 

 

 
Fig1. Traffic network 

 

Table 3. Charges of entry-exit on network 

Entry 

node 

Exit node 

4 5 6 7 

4 － 2 5 7 

5 2 － 3 5 

6 5 3 － 2 

7 7 5 2 － 

Shaobo Zhong, Yimin Cheng and Xilong Qu 241WWW.BEHSAZPOLRAZAN.COM



 

Table1. Input data of network 

Link No. 
0

at (min) aC (veh/h) Link No. 
0

at (min) aC (veh/h) Link No. 
0

at (min) aC (veh/h) 

1 25 4000 17 2 6000 33 7 10000 

2 25 4000 18 2 6000 34 7 10000 

3 25 4000 19 9 4000 35 12 16000 

4 25 4000 20 9 4000 36 12 16000 

5 2 6000 21 10 4000 37 7 10000 

6 2 6000 22 10 4000 38 7 10000 

7 9 4000 23 9 4000 39 0.2 6000 

8 9 4000 24 9 4000 40 0.2 6000 

9 11 4000 25 10 4000 41 0.2 6000 

10 11 4000 26 10 4000 42 0.2 6000 

11 9 4000 27 2 6000 43 0.2 6000 

12 9 4000 28 2 6000 44 0.2 6000 

13 9 4000 29 24 3800 45 0.2 6000 

14 9 4000 30 24 3800 46 0.2 6000 

15 2 6000 31 26 4200    

16 2 6000 32 26 4200    

 

Table2. Actual traffic demand as prior OD matrix 

O → D 1→3 1→10 3→1 3→8 8→3 8→10 10→1 10→8 

Demand(veh/h) 10000 10000 9000 11000 10000 10000 12000 8000 

 

The transformed network contains 10 nodes and a basic sub-network comprised of 32 initial links, 

and a pricing sub-network that involves 12 hypothetical links. And the new network is used to 

calculate the link flows and travel time by the lower UE model. Then, the link flows of original 

network can be obtained from the computation result of transformed network. Meanwhile, we take 

the UE assignment result of true OD demand as the actual statistical data ( 0, ,b a wV V∗ ∗ ∗τ ) for the upper 

model. In an attempt to compare the impacts from tolling data and prior OD matrix, the true OD 

demands are treated as prior OD matrix. In such, there will be high precisions of estimation results. 

The discussion of different prior OD matrices and biased observed link flows can be seen in 

reference[6]. 

In this example, 1 85%w =π , 2 115%w =π , and weights of each data item for each group are given in 

Table 4. In order to compare with traditional model in terms of accuracy, the ratio of 1λ and 3λ  is set 

as constant 1.0. The calculation under Group A is to analyze the effectiveness of volume on pricing 

entry-exit and the weights of Group B are employed to check the improvement of OD estimation 

while travel time data is added. In Group C, two data items are integrated simultaneously, and in 

Group D only partial uncharged link flows are used to estimate OD matrix. In Group E, uncharged 

link flows are not taken into consideration; i.e., common link volumes are completely replaced by 

entry-exit flows. The computation results of all groups are given in detail in Table 5 and 6. 
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Table 4. Weights for each group of upper model 

 1λ  
2λ  3λ  4λ  

 
1λ  

2λ  3λ  4λ  

A1 0.5 0 0.5 0 B1 0.5 0 0.5 0 

A2 0.4 0.2 0.4 0 B2 0.4 0 0.4 0.2 

A3 0.35 0.3 0.35 0 B3 0.35 0 0.35 0.3 

A4 0.3 0.4 0.3 0 B4 0.3 0 0.3 0.4 

A5 0.25 0.5 0.25 0 B5 0.25 0 0.25 0.5 

A6 0.2 0.6 0.2 0 B6 0.2 0 0.2 0.6 

C1/D1 0.4 0.1 0.4 0.1 E1 0.3 0.4 0 0.3 

C2/ D2 0.3 0.2 0.3 0.2 E2 0.2 0.5 0 0.3 

C3/ D3 0.2 0.3 0.2 0.3 Note: The difference of group C and D is that all 

link volumes are considered in C, but partial link 

(1-6).flows are taken in D.  C4 /D4 0.1 0.4 0.1 0.4 

Table5. OD matrix estimation results in Group A, B and E 

Group A1 A2 A3 A4 A5 A6 E1 

O-D
iD∆∑  

4040 3042 3079 3440 4055 4509 3157 

error(%) 5.05 3.80 3.85 4.30 5.07 5.64 3.95 

Group B1 B2 B3 B4 B5 B6 E2 

O-D iD∆∑  4040 3345 3604 4047 4094 4188 2731 

error(％) 5.05 4.18 4.51 5.06 5.12 5.24 3.41 

Table6. OD matrix estimation results in Group C and D 

  Group C1 C2 C3 C4 D1 D2 D3 D4 

O-D
iD∆∑  1897 2039 2735 3175 2229 3298 3175 3041 

error(％) 2.37 2.55 3.42 3.97 2.79 4.12 3.97 3.80 

From Table 5, we can see that the accuracy of OD matrix estimation, compared with that of the 

traditional model, will be improved firstly and then be worsened as the weight of entry-exit flows 

grows up. Meanwhile, the variation trend of the estimation accuracy influenced by travel time in 

Group B on entry-exit is similar to that operated by entry-exit flows. The error variation trends 

illustrate that the sensitiveness of flow and travel time, which exerts a positive effect upon estimation 

accuracy, decreases gradually. Finally, the increasing error will overweigh the improvement because 

the weights of prior matrix and link flow are reduced. Furthermore, the estimation results under 

A2-A4, B2 and B3 are superior to those estimated by traditional model. This means that the additional 

data items are probably beneficial to enhance estimation accuracy. 

From Table 6, it can be found that the estimation results under all weight series in Group C are better 

than those calculated by traditional model and the error under C1 decreases about 2.7%. In Group C 

and D, it is clear that adding two tolling data to estimation is more effective to enhance accuracy than 

adding one of the tolling data. By analyzing the results in Group C and D, we can conclude that, as the 

weights of two additional data items increase, the estimation accuracy of all link flows is close to that 

with partial link volumes. The calculation result of D3 and D4 are approximately same, and it means 

that new data items have the same effect to improve estimation result as that yielded by all link flows 

in C4. In other words, compared with C3, the tolling data compensate the lack of link flows (link: 

8-28). At the same time, the estimation results under Group D are superior to those generated by 

traditional model. This it to say, in this network, it is applicable to compute OD matrix by combining 

partial link flows with traffic data on tolling entry-exits. 

However, we should realize that the result in E2 is better than in E1, it may imply that the flow on 

entry-exit is more sensitive than prior OD constraint to ensure estimation accuracy. Meanwhile, the 
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accuracies under both E1 and E2 are better than that under A1; i.e., tolling data are more useful in 

improving estimate precision than other common links’ in this network because more vehicles 

operate on charged links. Here, the tolling data are almost cost-free traffic information, so that the 

high cost on surveyed link flows might be saved. It also should be stated that, in practice, the observed 

traffic data may be largely biased, except the tolling data. If there are high observation errors on 

surveying common link flows and prior OD matrix in practical scenario, the difference of estimation 

accuracies between traditional model and new proposed model may be more remarkable. Hence, the 

unbiased and cost-free tolling data may have the advantage to pursue high accuracy in OD estimation. 

Nevertheless, for different road structures, the new data items may play different roles in estimation. 

Conclusion 

Prior OD matrix is combined with link flows to estimate OD matrix in existing methods. In highway 

network and urban network, volume on charged roads and related travel time information can be used 

to enhance the OD estimation precision. The expenditure on investigating link flows could be saved 

and the problem of surveying location choice could be avoided. Therefore, we proposed a bi-level 

program, whose upper objective function takes account of tolling data. The numerical example 

indicates that the additional data items are effective on improving estimation accuracy and new model 

outperforms traditional model in terms of estimation accuracy. In conclusion, it is a feasible approach 

to combine partial common link flows with tolling data, and the improved model can be applied to 

save surveying cost of fundamental traffic data and to improve the estimation accuracy.  
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Abstract. In 1994, C. Thomassen proved that every planar graph is 5 choosable−  (namely 

( )
*

5,0 choosable− ). In 1993, M. Voigt shown that there are planar graphs which are not 

( )
*

4,0 choosable− . But no one know whether every planar graph is ( )
*

4,1 choosable− . In this 

paper, we give a important property on planar graph that “Every planar graph is ( )
*

4,1 choosable− ” 

and “Every planar graph is free ( )
*

4,1 choosable− ” are equivalent. 

Introduction 

List colourings of graphs are generalizations of usual colourings that were introduced by V.G. Vizing 

[1] and independently by P. Erdos [2] . 

A vertex-colouring, or just colouring, of a finite simple graph G  is an assignment of a colour to 

each vertext of G . A colouring is proper if adjacent vertices always get different colours. A graph is 

k -colourable if it has a proper colouring using at most k different colours. A list-assignment L  to 

(the vertices of)  G  is the assignment of a list (set) ( )L v  of colours to every vertex v  of G ; and a 

k -list-assignment is a list-assignment such that |L(v)|=k  for every vertex v  of G . If L  is a 

list-assignment of G , then an L colouring−  of G  is a proper colouring in which each vertex 

receives a colour from its own list. The graph G  is  k  -list-colourable or k -choosable if there 

exists an L colouring−  for every k -list-assignment L  of G . The chromatic number ( )Gχ  of G  

is the smallest number k  such that G  is k -colourable. The list chromatic number, or choice 

number, or choosability ch(G) of G  is the smallest number k  such that G  is k choosable− . C. 

Thomassen [3] has proved that ``Every planar graph is 5 choosable− '' in 1994. The first example of a 

4non choosable− −  planar graph was given by M. Voigt [4], and further examples were given by S. 

Gutner [5] and M. Mirzakhani [6]. 

  In a vertex-coloured graph, the defect def ( )v  of a vertex v  is the number of vertices adjacent to v  

that have the same colour as v ; so a colouring is proper if and only if every vertex has defect 0 . A 

graph G  is ( )
*

,k d colourable−  if its vertices can be coloured with k  colours in such a way that 

no vertex has defect greater than d . If L  is a list-assignment of G , then an ( )
*

,L d colouring−  is 

an L-colouring in which no vertex has defect greater than d , and L  is ( )
*

,L d colourable−  if it 

has an ( )
*

,L d colouring− . Finally, G  is ( )
*

,k d choosable−  if it is ( )
*

,L d colourable−  
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whenever L is a k -list-assignment. Obviously, ( )
*

, 0k colourable−  means the same as (properly) 

k colourable− ,and ( )
*

, 0k choosable−  means the same as k choosable− . R.Skrekovski [7] proved 

that every planar graph is ( )
*

3, 2 choosable− , and N. Eaton and T. Hull [8] gave a simpler version of 

this proof. 

The free list colouring was first raised by M. Voigt [9] in 1996. Let L be a list assignment of G , 

G  is called free ( )
*

,L d colourable−  if for every vertex ( )v V G∈  and for every colour ( )f L v∈  

there exists an ( )
*

,L d colouring− ,v f
ϕ  with ( ),v f

v fϕ = . And G  is called 

( )
*

,free k d choosable− , if it is ( )
*

,free L d colourable−  whenever L  is a k -list assignment. 

When =0d , we call it free k choosable− . M. Voigt [9] has proved that the equivalence of “Every 

planar graph is5 choosable− ”with “Every planar graph is 5free choosable− ”. In this paper, we shall 

prove that “Every planar graph is ( )
*

4,1 choosable− ” and “Every planar graph is free 

( )
*

4,1 choosable− ” are equivalent. In order to prove our main result, we first introduce several useful 

lemmas and theorems in the next section. 

Some lemmas and theorems  

Lemma 2.1: (1) Every free ( )
*

,k d choosable−  graph is ( )
*

,k d choosable− ;  

(2) There are ( )
*

,k d choosable−  graphs which are not free ( )
*

,k d choosable− . 

Proof(1)⇒ (2) It is trivial. 

(2) ⇒ (1) Consider the complete bipartite graph 2,2K  and  ( ) { }1 = 1,2L x , ( ) { }2 = 1,3L x , 

( ) { }1 = 2,3L y , ( ) { }2 = 1,3L y , where { }1 2,x x  and { }1 2,y y  are two partite classes of 2,2K . If we assign 

color 3 to 2x , then it can not be continued to a ( )
*

, 0L − list colouring of the whole graph.  

We have seen that the property “to be ( )
*

,free k d choosable− ” is a stricter requirement for a 

graph than the property “to be ( )
*

,k d choosable− ”. 

Now assume the graph G  is ( )
*

,k d choosable−  but not ( )
*

,free k d choosable− , this means 

there exists a k -list assignment L  of G , a vertex ( )
*v V G∈  and a colour ( )*f L v∈  such that 

( ) ( ) { }
* * \v L v fϕ ∈  for all L-list colouring  of G  

In the following, such a vertex *
v  is called a bad vertex and such a colour f a bad colour. 

Lemma 2.2: Let G  be a graph which is ( )
*

,k d choosable−  but not ( )
*

,free k d choosable− , *
v  a 

bad vertex of G  and { }1 2 1:= , , , kF f f f
−

⋯  an arbitrary set of 1k −  colours. There exists a k-list 

assignment *,v F
L  of G , so that ( )*v Fϕ ∈  is satisfied for every ( )*,

*

,F
v

L d − list colouring ϕ . 

Proof. Because G  be a graph which is ( )
*

,k d choosable−  but not ( )
*

,free k d choosable− ,we 

can find a k-list assignment L  to G , such that G  is ( )
*

,L d colourable−  but not 

( )
*

,free L d colourable− . Let *
v  be a bad vertex and ( ) { }

*

1 2 1= , , , ,
k k

L v g g g g
−

⋯  and kg  is a bad 

colour. We use the known list assignment L  with ( ) ( ) { }
* * \

k
v L v gϕ ∈  (for all ( )

*
,L d − list 
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colouring ϕ  of G ) and rename the colours in a suitable way: Denote colour set 

( ) ( ) { }1 1 2 1 +1 = = , , , , , , ,k k k nv V G
T L v g g g g g g

−∈
∪ ⋯ ⋯ , and let colour set { }2 1 2 1 = , , , , , ,k k nT f f f f f

−
⋯ ⋯ , 

where { }, , =
k n

f f F Φ⋯ ∩ . Define an injection ( ):  = , =1,2, ,
i i

g f i nψ ψ ⋯ , and let the resulting 

list-assignment be *L .Because for every ( )
*

,L d colouring−  ϕ  , ( ) ( ) { }
* * \

k
v L v gϕ ∈ , it is easy to 

see that for every ( )
*

*,L d − colouring 
*

ϕ , ( ) ( ) { } { }
* * * *

1 2 1
 \ = = , , ,

k k
v L v f F f f fϕ

−
∈ ⋯ .  

Lemma 2.3 ([10]): There are planar graphs which are not ( )
*

3,1 choosable− . 

Main result 

Theorem 3.1: The following results are equivalent: 

(1) Every planar graph is
( )

*
4,1 choosable−

. 

(2) Every planar graph is free
( )

*
4,1 choosable−

. 

Proof. (2) ⇒  (1):Trivial. 

(1) ⇒ (2): Assume a planar graph 
/G  is 

( )
*

4,1 choosable−
, but 

/G  is not free 
( )

*
4,1 choosable−

. 

In the following, using 
/G  we will construct a planar graph 

*G which is not 
( )

*
4,1 choosable−

. 

This contradicts to (1). 

Let 
( )3,1

G  be a planar graph which is not 
( )

*
3,1 choosable−

 with an m-element vertex set 
( )( ) { }
3,1

1 2
= , , ,

m
V G v v v⋯

 for some m  by Lemma 2.3. Let 
( )3,1

L  be a 3-list assignment of 
( )3,1

G  and 

( )3,1
G  is not 

( )( )
*

3,1
,1L −

list colourable. 

Choose a bad vertex 
*

v  of 
/G  and let 

/G  be embedded in the plane in such a way that 
*

v belongs to 

the boundary of the exterior face. 

Take m  copies 
{ }/ / /

1 2, , ,
m

G G G⋯
of this graph 

/G  with the bad vertices 
* * *

1 2, , ,
m

v v v⋯
 respectively. 

Define 
( )* * *,G V E

, where 
( )* m /

i=1 :=
i

V V G∪
,

( ) ( ) ( ) ( )( ){ }3,1* m / * *

i=1 := , ,i i j i jE E G v v v v E G∈∪ ∪
 

Construct a 4-list assignment 
*L  of 

*G  in the following way: for 

( )
* 1,2, ,jv j m= ⋯

,take
( ) ( ) ( ) { }

3,1* *

j j kL v L v f= ∪
, where kf  is bad colour of bad vertex 

*
v in 

/G . 

And for each one of the other vertices in 
*G , take the same colour list as its in 

/G .   

Since 
*G  is planar, then 

*G  is 
( )

*
4,1 choosable−

 by (1). And hence there exists an 
( )

*
*,1L −

list 

colouring 
*

ϕ
 of 

*G  with 
( ) ( ) ( )

3,1* *

j j
v L vϕ ∈

 for all 
1,2, ,j m= ⋯

, by Lemma 2.2. 

Therefore 
( )3,1

G ) is 

( )( )
*

3,1
,1L −

list colourable, which contradicts to the assumption.. 

Remark 3.1 Note that there are planar graphs that are not
( )

*
2,2 choosable−

 [2].Using the same 

method, we can prove the equivalence every planar graph is
( )

*
3,2 choosable−

 [11]" with “every 

planar graph is free
( )

*
3,2 choosable−

”. 
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Abstract. Bubbles and craft parameters in vacuum casting are the key factors to the quality of 

products. How to eliminate bubbles and set optimal parameters are the key technical problems to 

the automation development of vacuum casting. This paper advances a new vacuum casting 

automatic control system based on configuration software. Dynamic data exchange（DDE） among 

control module, detection module and execution module is realized based on the strong capability 

of communication and human-machine interface in configuration software. The realization of this 

control system can effectively eliminate bubbles and provide corresponding optimal craft 

parameters automatically and intelligently. In a word, the efficiency and quality of the products can 

be improved and the dependency of experience parameters can be reduced in vacuum casting. 

Introduction 

Vacuum casting, a kind of rapid tooling manufacturing technology, is characterized by the use of 

vacuum technique during the processes of mould fabrication and the casting of parts [1]. Because of 

its capability to produce products in a short time and low price, especially its unique advantage in 

the thin-wall and transparent products, vacuum casting technology is widely used and studied in 

product design verification and small batch production. 

Bubbles in reaction and craft parameters such as pressure, velocity and casting time in vacuum 

casting are the main factors that affect the quality of products. Manual control, electrical control and 

PLC control are the control methods in current vacuum casting equipments. At present, most 

vacuum casting equipments employ the artificial method to eliminate bubbles, which is both 

time-consuming and labor-consuming with a low efficiency. Besides, the optimal craft parameters 

are not available in the manufacturing of the machines. With the development of the CIMS, 

advanced and complex control system has been applied to the RP (rapid prototyping) equipments, 

which effectively improves the productivity and quality of the products [6,7]. But the advanced 

control system has not been applied in vacuum casting equipments yet. In this paper, a vacuum 

casting automatic control system based on configuration software is proposed. Vacuum casting 

bubble automatic elimination system based on on-line machine vision detection [2] is included in 

this system. MATLAB is used to design fuzzy algorithm to recommend craft parameters.  

The structure of the automatic control system 

As is show in Fig.1, two-level distributed structure based on PLC and PC is adopted in the 

control system, which comprises three main modules: the control module, the detection module and 

the execution module. The control module contains main-controller PC and sub-controller PLC. 

The detection module is used to inquire the signals of pressure, bubble, position and velocity of the 

material cups. And the execution module includes vacuum pump, motors, and electromagnetic 

© (2011) Trans Tech Publications, Switzerland
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valves. They are all controlled by PLC, which mainly complete the sequential control in the whole 

process of vacuum casting, such as degassing, stirring, air-in and pouring. 

  

Fig.1 The structure of the control system 

The core of the whole system is control module. In the industrial control area, there are two 

major ways in PC control system: One is to use programming languages such as VB, VC++ to 

design procedures to reach the requirement of the system and the other one is to use industrial 

configuration software for secondary development [3]. The advantages of configuration software 

include its short design period, excellent I/O interface and easy maintenance. In order to realize full 

automatic control in the whole vacuum casting process, data exchange and feedback between 

modules in real time must be implemented. So configuration software is chosen in this system for 

the integrated communication protocols, short design period and good human-machine interface.  

In the system, Pressure sensor, CCD visual sensor, MATLAB, ACCESS database and PLC are 

connected to configuration software and data exchange is done via communication protocols. 

ForceControl configuration software is integrated with Mitsubishi programming port protocol, 

MODBUS protocol, DDE protocol and SQL function that is based on ODBC database. In vacuum 

casting control system, force control 6.1 SP is selected, the communication style is shown in Fig.2. 

 
Fig.2 The data exchange based on force control 6. 

DDE based on ForceControl configuration software 

The access to material database. The following functions are achieved by ACCESS database 

through configuration software: Build vacuum casting material database by ACCESS and save the 

information of the materials including physical property, chemical property and craft information. 

The database is convenient for users to search and choose the appropriate casting materials 

according to corresponding products. Besides, the information can be added, deleted and modified 

by the defined users. 

250 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



ForceControl6.1 provides SQL functions in scripts to operate database based on ODBC. By 

SQL functions, the database can be inserted, added, deleted and modified [4].  

The specific method to achieve access to the ACCESS database by SQL functions is as follows: 

(1) To create a SQL model table on configuration interface and define each field name of the table. 

(2) To create a binding table corresponding to ACCESS database table and link the field name and 

middle variable.  SQLCreateTable (ConnectID, “vacuum casting”, “model”); 

(3) To create windows table “table” by windows control and link ODBC source data; ACCESS 

database and windows table can be linked through the source data. 

(4) The corresponding operation scripts: 

Link the table: SQLConnect (ConnectID, DataSourceDesc) ; 

Select, display table: SQLSelect (ConnectID, “vacuum casting”, “”); SQLDisplayToGrid 

(“table”); 

Delete the data: SQLDelete (ConnectID, “vacuum casting”, “condition”); 

Insert data: SQLInsert (ConnectID, “ vacuum casting”, “model”);  

Modify data: SQLUpdate (ConnectID, “vacuum casting”, “field name”, “condition"); 

Search data: SQLSelect (ConnectID,”vacuum casting “, “field name =’“+desc+”’”); 

Communication between configuration and MATLAB. At peasant, industrial control 

configuration software is with excellent encapsulation, I/O communication and human-machine 

interface, but it is hard to apply complex control algorithms. On the contrary, MATLAB possesses 

strong analysis computing capability and complex control algorithm modules. Besides, MATLAB 

can provide interface with other software, which makes it easy to exchange data. Therefore, it is 

better to use configuration software as the main controller to acquire and display data, while using 

MATLAB as a background program to do complex algorithms, such as fuzzy control, parameter 

tuning, signal processing [5]. 

In the automatic control system of vacuum casting, the optimal craft parameters should be 

provided to the craft process according to the material information and product properties searched 

by the operator. We can get the information and properties from ACCESS database. These 

information variables can be viewed as the inputs for the fuzzy algorithm and sent to MATLAB via 

DDE protocol. In the program of MATLAB, fuzzy algorithm is designed with these variables. Once 

the program is executed, the output variables which are optimized by the algorithm are shown on 

the configuration. At the same time, the optimized variables are linked with the parameters of PLC 

and execution module, which are sent to execution module to operate the vacuum casting process.  

The input variables are curing time, temperature, style and property of materials from ACCESS 

database. The output variables are casting and stirring velocity as well as pressure. 

The steps of communication between configuration and MATLAB include: 

(1) To create a DDE project in I/O module and set the service, topic name in configuration 

software. 

(2) To set the input and output variables such as a1.pv, a2.pv. 

(3) To create an M file in the MATLAB software using fuzzy algorithm. 

(4) To translate the M file to executable program and set a button to link the program. 

The main program of M files in MATLAB is as follows:  

Global channel   (declare global variable channel) 

Channel=ddeinit ('DB','DB');   (initialize communication, the two DB are service and topic 

name ) 

Ddeadv (channel,'ctime.pv','disp(x)','x');   (create input and output channel connection) 

A0=ddereq(channel,'ctime.pv');   (connect the inputs and variables in matalb) 

ddepoke(channel,'T0.pv',B0);     (B0 is the result of Matlab,T0.pv is the output variable) 
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   Fig.3 The structure of MATLAB fuzzy controller 

Communication between configuration and PLC. Mitsubishi FX serial programming port 

protocol is integrated in the ForceControl 6.1, the communication can be achieved through the 

programming port without any extension card. The sub-controller easily gets data from 

main-controller through the digital variables and analog variables.  

Communication between configuration and bubble automatic elimination system. In vacuum 

casting bubble automatic elimination system based on on-line machine vision detection, Image 

processing procedure is designed via VC++ and connected to configuration by DDE protocol 

supported by both VC++ and configuration software. The whole process of image processing is as 

follows: Image acquisitions-> Image processing-> Analysis and judgment-> Sending signal to PLC 

[2]. The final result is sent to PLC, which decides PLC whether to execute bubbles elimination. 

Communication between configuration and pressure sensor. In vacuum casting process, two 

digital pressure sensors are needed to detect the pressure of the two chambers. ACS-P digital 

pressure sensor of ANCN Company is chosen to get the pressure value in real time, while 

MODBUS communication protocol is applied to display pressure value on configuration interface. 

MODBUS protocol defines a message structure that can be identified by controller and establishes a 

public format of message feedback. Through this protocol, the pressure values are easy to collect 

and display, which are sent to PLC to control the execution module. Through this protocol, the 

pressure values are easy to collect and display, which are sent to PLC to control the execution 

module. 

Conclusions 

The process to use the automatic control system is shown on Fig.4 and Fig.5 is the simulation 

interface. 

Bubbles in reaction and craft parameters are the main factors that affect the final quality of vacuum 

casting products. To improve the degree of automation and apply automatic and intelligent control 

system is an effective way to improve the quality and efficiency and reduce the dependency of 

experience parameters in vacuum casting. An automatic control system of vacuum casting based on 

configuration software is designed in this paper. Dynamic data exchange among control module, 

detection module and execution module is realized based on the strong capability of communication 

and human-machine interface in configuration software. Once the feedback is realized among these 

modules, the vacuum casting equipment can be controlled in an automatic and intelligent way. 

DDE protocol is adopted to exchange data between configuration interface and bubble automatic 

elimination system based on on-line machine vision detection. Bubbles can be detected by CCD 

visual sensor and eliminated by the bubble automatic elimination system, while the feedback is sent 

to PLC to control the whole craft. Besides, material information can be obtained from ACCESS 

database and sent to MATLAB, and the feedback parameters optimized from MATLAB by the 

fuzzy algorithm are sent to control the chamber pressure and motor speed. 
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Fig.4 The process to use the system 

 
Fig.5 The simulation of the system 
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Abstract. In this paper, a 4D hyperchaotic system is proposed. Some basic dynamical behaviors are 

explored by calculating its Lyapunov exponents, Poincar´e mapping, etc.. Finally, synchronization for 

this new hyperchaotic system is achieved via scalar control. The nonlinear terms in the response 

system are not dropped. The proposed synchronization scheme is simple and theoretically rigorous. 

The mathematical proof of this method is provided. Some numerical simulations are obtained. The 

numerical simulations coincide with the theoretical analysis.  

1. Introduction 

There has been increasing interest in exploiting chaotic dynamics in engineering applications, such as 

electrical engineering, telecommunications, information processing, material engineering, etc.. This 

is due to the desirable features of chaos in some engineering and technological applications, where 

chaos can provide certain unique features for special needs. In the past decades, many novels and 

simple nonlinear circuits exhibiting chaotic dynamics have proposed [1,2,3,4,5,6,7,8,9,10,11,12].  

However, Perez and Cerderia have proved that the messages masked by a simple chaotic system 

with only a single positive Lyapunov exponent, can be easily extracted sometimes when they were 

intercepted [13]. It is suggested that this problem can be overcome by using the higher-dimensional 

hyperchaotic systems. Because of hyperchaos systems has more than one positive Lyapunov 

exponent, and has more complex dynamic behavior. Therefore, it is very important to construct 

hyperchaotic system. 

This paper reports a new 4D hyperchaos system, which is contained only one nonlinear term. We 

yield the Lyapunov exponents, Poincar´e mapping, and phase diagram of the 4D hyperchaotic system. 

Furthermore, a synchronization scheme via scalar control is proposed. The mathematical proof of this 

method is provided. Some numerical simulations are obtained. The numerical simulations coincide 

with the theoretical analysis. 

2. A 4D novel hyperchaotic system with only one nonlinear term 

Consider the following new 4D dynamical system 
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,                                                                                                                                   (1) 

where x, y, z and w are state variables. The  new 4D system (1) is symmetric with respect to the origin, 

which is invariant for the coordinate transformation (x, y, z, w)→  (-x,- y, -z, -w). 

System (1) has three real equilibrium, which are denoted by S0=[0,0,0,0]
T
,  

S+=[- 48.4/5.5 p ,- 16/11p , p , 8/5p− ]
T
, S-=[ 48.4/5.5 p , 16/11p ,- p , 8/5p ]

T
, respectively. Where, 

2/1056.0 −=p . 

The characteristic equation at equilibrium S0 is  
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02.2032.1088.336.0 234 =+−+− λλλλ .                                                                                            (2) 

The four eigenvalues are 0.28-0.96i, 0.28+0.96i, -0.2-1.4142i, -0.2+1.4142i, respectively. So, 

equilibrium S0 is a two dimensional unstable saddle point. 

We obtain the characteristic equation at equilibrium S ±  as following 

03696.02.2)032.19568.0()088.3586.0()36.01.0( 2222324 =−+−+−−−+ pppp λλλλ .                           (3) 

The four eigenvalues at equilibrium S ±  are 1.1005+1.3901i, 1.1005-1.3901i, 0.3135, -4.1402, 
respectively. So, equilibrium S ±  is a three dimensional unstable saddle point. 

The Lyapunov exponents of system (1) are are 1λ = 0.074726, 2λ ＝0.021509, 3λ =0, 4λ = -0.43386, 

respectively. So system (1) is a hyperchaotic system. Fig.1 shows the hyperchaotic phase portraits. 

 

          

Fig. 1 Hyperchaotic phase portraits of the system (1): (a) x–y plane; (b) x– z plane; (c) x–w plane 

The Poincar´e mapping of this hyperchaotic system is also analyzed. It can be seen that the 

Poinca´e mappings are these points in confusion as shown in Fig.2. 

 

Fig.2 The Poincar´e mapping of system (1): (a) y=0, (b) z=-4.2233 

3. Synchronization for the 4D hyperchaotic system (1) 

In this section, we discuss the chaotic synchronization for hyperchaotic system (1). System (1) is 

regarded as the driving system. The scalar feedback controlled slave system is 
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,                                                                        (4) 

where β  is a tuning parameter that controls the strength of the feedback into the response system, and 

to be designed. We note that when the system (4) and (1) are realized to synchronization, the driving 

system (1) and response system (4) essentially become uncoupled, and system (4) become 

uncontrolled. 

(a) (b) (c) 

(a) 
(b) 
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Theorem : If 56.0
56.0

1
−<<− β , then system (4) and (1) can be achieved to synchronization. 

Proof: 

Define the state error xxe −= '1 , yye −= '2 , zze −= '3 , and wwe −= '4 . Then, the corresponding 

error dynamics system can be obtained by subtracting Eq. (1) from Eq. (4) 
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,                                    (5) 

Form error dynamics system (5), we can obtain that )4,3,2,1(0 == iei is an equilibrium point of 

system (5). If the zero solution )4,3,2,1(0 == iei of error dynamics system (5) is globally 

asymptotically stable under a suitable constant β , which implies that the two systems (1) and (4) are 

realized to synchronization. 

Linearizing error dynamics system (5) at equilibrium )4,3,2,1(0 == iei yields the Jacobian matrix 
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β
J .                                                                                                                 (6) 

The four eigenvalues of matrix J are 4)56.0(5.0)56.0(5.0 2 −−±+=± ββλ , 

19.21.0' i±−=±λ , respectively. 

Because 56.0
56.0

1
−<<− β , so the following two cases are satisfied: 

Case 1  If 56.02
56.0

1
+−≤<− β , then 04)56.0( 2 ≥−−β  and 4456.0 −>×β . So, 

4456.0 −>×β ⇒ 256.04256.0 ×−−>× ββ ⇒ 2222 56.0256.04256.056.0 ++×−−>×++ ββββ ⇒

4)56.0()56.0( 22 −−>+ ββ . 

 Therefore, 056.0 <+β , 04)56.0( 2 ≥−−β  and 4)56.0()56.0( 22 −−>+ ββ . So, the 

eigenvalues  ±λ  of matrix J is negative real number, and the eigenvalues ±'λ of matrix J  have 

negative real part. 

Case 2  If 56.056.02 −<<+− β , then 056.0 <+β and 04)56.0( 2 <−−β . So, the four 

eigenvalues of matrix  J  have negative real part.  

Therefore, the equilibrium point )4,3,2,1(0 == iei of error dynamics system (5) is globally 

asymptotically stable, which indicates that the system (4) and (1) are realized to synchronization. This 

finishes the proof.  

The above results manifest the system (4) and (1) which are synchronized under suitable constant 

β . Some simulation results are described below. Now, we choose 76.0−=β and 56.1−=β  for 

numerical simulations, respectively. The initial states of the drive system (1) and the response system 

(5) are taken as x(0)=-0.1, y(0)=0, z(0)=0.2, w(0)=-0.4 and x’(0)=0.3, y’(0)=0.5, z’(0)=-0.05, 

w’(0)=0.7, respectively. The simulation results can be depicted in Fig. 3 and Fig. 4, respectively. 

Where 2/1
4

1

2 )()( ∑
=

=
i

ietε . According to the simulation results, we obtain that numerical simulations 

coincide with the theoretical analysis. 
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Fig3. Synchronization result between             Fig6. Synchronization result between  

system (1) and (5)                                             system (1) and (5)     

4. Conclusion 

A new 4D hyperchaos system, which is contained only one nonlinear term, is constructed. Its 

dynamical behaviors such as the Lyapunov exponents, Poincar´e mapping, and phase diagram of the 

4D hyperchaotic system are obtained. Furthermore, a synchronization scheme via scalar control is 

proposed. The numerical simulations coincide with the theoretical analysis. 
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Abstract. In this paper, a generalized projective synchronization (GPS) scheme for a class of 

continuous chaotic systems is investigated by using only one sate variable and its time derivatives. 

The construction method of response system is proposed. The mathematical proof of the GPS scheme 

is provided. The synchronization technique is simple and theoretically rigorous. Finally, the 

corresponding numerical simulation results demonstrate the effectiveness of the proposed schemes. 

1. Introduction 

In 1990, Pecora and Carroll presented the concept of “chaotic synchronization” for the first time [1] 

and introduced a method to synchronize two identical chaotic systems with different initial conditions 

[2]. Chaos synchronization has become an active research subject in nonlinear science because of its 

potential applications in some engineering and technological applications [3-9]. In 1999, Mainieri et 

al. discovered a new method of synchronization, i.e., projective synchronization [10]. Chee et al. have 

applied the projective synchronization technique to chaotic secure communications [11]. In 

application to secure communications, projective synchronization (PS) can be used to extend binary 

digital to M-nary digital communication for achieving fast communication [12]. So the research on 

chaos synchronization has important theory significances and application value. 

On the other hand, most of the methods for synchronize two chaotic systems is the state feedback 

controlling method. Several state variables or all the state variables of the driving system are 

transmitted to the response system. Therefore, it is necessary to measure several state variables or all 

the state variables state of driving system. However, it is apparent that it is not always possible to 

detect all state variables in a physical system, especially in a complicated system or a large system 

[13], and some state variables can not been measured in some cases. However, the variables that can 

be observed or measured are worthy to be investigated, and only the observable or measured variables 

of physical significance are usually interested in. For example, frequency in an oscillator, and 

temperature (pressure) in a thermodynamically system [13]. 

This work, inspired by the above discussion, addresses one observable state variable for a class of 

continuous chaotic systems. The main contributions of this paper are follows: first, by using only a 

specific sate variable and its time derivatives, all the state variables can be yielded; second, several 

well-known chaotic systems are used to demonstrate this view; finally, a generalized projective 

synchronization scheme is presented to show its application. 

2. A class of continuous chaotic system 

First, let us introduce some notions and results presented in Ref. [14]. Consider the following chaotic 

system with scalar output z: 

)(

)(/

x

xfx

hz

dtd

=

=
,                                                                                                                                   (1) 
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where nR∈x , nn RR →:f . Let )(xk be a scalar differentiable function and )(xV
nn
RR →: be a vector field. 

The Lie derivative of )(xk  along )(xV is defined as >=< )(grad),( xxV kkLV , where >< . is the Euclidean 

inner product. The ith Lie derivative of )(xk  along )(xV is defined as >=< −
)(grad),(

)1()(
xxV kLkL

i
V

i
V . 

Lemma 1 [14]  If the map T)1()2(
)](),(),(),([ xxxx fff hLhLhLh

n−=Φ �  is a diffeomorphism. Then Eq.(1) is 

observable through scalar output z and its ith derivative for 1−≤ ni . In addition, 
1 2 2 1 1 T
[ ( ), ( ) / , ( ) / , , ( ) / ]

n n
z t dz t dt d z t dt d z t dt

− − −= Φx �  

According to Lemma 1, for a class of continuous chaotic systems, for simplicity, we can choose 

one of the variables, denoted by )(txi , which can be observed or measured, as output, then the other 

variables can be denoted by )/,,/,/,(
1122 −−= n

i
n

iiijj dtxddtxddtdxxgx � , ij ≠ ),...,2,1,( nji = . 

This indicates that all the state variables of such chaotic system will be yield via a specific sate 

variable (a scalar output) and its time derivatives, which can be verified by the following example. 

Example  Consider the unified chaotic system [15]: 

,3/)8(/

,)129()3528(/

),)(1025(/

3213

31212

211

xxxdtdx

xxxxdtdx

xxdtdx

+−=

−−+−=

−+−=

α

αα

α
                                                                                                   

where 10 ≤≤α . Now, choose variable )(1 tx  as the specific sate variable and as the scalar output (i.e., 

1321 ),,( xxxxh = ), then the other state variables can be denoted as: 

12123

1
2

112112

/])129()3528(/[

)/,/,()1025/()/(

xxxdtdxx

dtxddtdxxgxdtdxx

−+−+−=

=++=

αα

α
 

)/,/,(/})3528(])1025/(/)[129{(/]/)1025/([ 2
1

2
1131111111

2 dtxddtdxxgxxxdtdxxdtdxdtxd =−+++−+++−= αααα                 ( 01 ≠x ). 

By a similar argument, one can see that many chaotic systems, such as Liu chaotic system [16], 

Rossler chaotic system, Sprott’s chaotic system, a hyperchaotic system [6] also have the same 

property with example 1.  

Without loss of generality, in the following, we rewrite chaotic system (1) as 

)/,...,/,(/ 1
1

1
11

−−+= nn dtxddtdxxdtd hAxx                                                                                                     (2) 
nnR ×∈A is a constant matrix. 

3. The new generalized projective synchronization (GPS) scheme 

In this section, a generalized projective synchronization scheme is presented for chaotic drive system 

(2). Given a nonlinear map nn RR →= :yψψ )( , nR∈y , and its Jacobian matrix is, 

1 1 1 2 1

2 1 2 2 2

1 2
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�

. 

Assume that )(yDψ  is an invertible matrix, and then construct the following response system (3), 
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,                                                             (3) 

where nnR ×∈k  is a real matrix, and to be decided later, )(1
yψD

−  is the inverse matrix of )(yDψ . 

Obviously, only sate variable 1x  of drive system (2) and its time derivatives are transmitted to the 

response system (3). The drive system (2) and response system (3) are said to be in generalized 

projective synchronization (GPS) if 0)(lim =−
∞→

xyψ
t

. 
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Theorem 1: Given drive system (2) and response system (3), there exists a feedback gain matrix k  

such that a generalized projective synchronization (GPS) between (2) and (3) can be achieved if all 

the eigenvalues of kA +  satisfy 0)Re( <iλ ( ni ,,2,1 �= ). 

Proof: 

Denote xyψe −= )(  as the GPS error between drive system (2) and response system (3), then the 

dynamic equation of GPS error can be obtained easily from Eq. (2 ) and (3), which is expressed as 

xyyDψe ��� −= )( . Then, it follows that 
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Since )/,...,/,( 1
1

1
11

−−= nn
jj dtxddtdxxgx , ),,3,2( nj �= , then, Eq. (4) can be simplified as  

ekAe )( +=� ,                                                                                                                                              (5) 

Form error dynamics system (5), we can obtain that ),,2,1(0 niei �== is a unique equilibrium point of 

system (11). Since all the eigenvalues of kA +  satisfy 0)Re( <iλ ( ni ,,2,1 �= ), then the unique 

equilibrium point ),,2,1(0 niei �==  of error dynamics system (5) is asymptotically stable, i.e. 

0)(lim =−
∞→

xyψ
t

, which implies that the generalized projective synchronization between (2) and (3) can 

be achieved.  The proof is completed. ■ 

4. Simulation results 

To illustrate the effectiveness of the GPS scheme, the GPS for unified chaotic system is considered 

and the numerical simulations are performed. 

Let 5.0=α , the chaotic attractor of unified chaotic system is shown as Fig.1. Choose the nonlinear 

map 33)( RR →:yψ  as follows, 
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where 01 ≠y . Its Jacobian matrix )(yDψ  is 
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The drive system is 
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11 dtxddtdxxdtd hAxx +=                                                                                                               (6) 

where 
















−−

−−

+−−

=

3/83/00

01293528

010251025

α
αα
αα

A
, 



















−=

)/,/,(

)/,/,(

0

)/,/,(

2
1

2
1121

2
1

2
11311

2
11

dtxddtdxxgx

dtxddtdxxgxdtxddtdxxh . 

So, the response system is described as: 

]

)/,/,()(

)/,/,()(

)(

)/,/,(

)/,/,(

0

)()[(

2
1

2
1133

2
1

2
1122

11

2
1

2
1121

2
1

2
1131

1



















−

−

−

+



















−+= −

dtxddtdxxg

dtxddtdxxg

x

dtxddtdxxgx

dtxddtdxxgx

y

y

y

KyAψyψDy

ψ

ψ

ψ

�  .                                                             (7) 

Choose )0,25,0diag( −=K , we can obtain that the eigenvalues of the matrix kA + are -0.6752, -33.3248 

and -2.8333, respectively. Therefore, all eigenvalues of the matrix kA +  have negative real parts. 
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According to the Theorem 1 the GPS between (6) and (7) can be achieved. For example, let the initial 

values of drive system (6) and response system (7) as follows: 

)3,2,1())0(),0(),0(( 321 =xxx and ))0(),0(),0(( 321 yyy  )3.0,2.0,1.0(= , respectively. The simulation result of GPS 

between systems (6) and (7) is shown in Fig. 2. 

 

                           
 

Fig.1 Chaotic attractor of unified            Fig.2 The generalized projective synchronized result 

chaotic system for 5.0=α                           of unified chaotic system  for 5.0=α  

5. Conclusion 

In this paper, we present that all the state variables for a class of continuous chaotic systems can be 

yielded via a specific sate variable and its time derivatives. Furthermore, we investigate the 

generalized projective synchronization for the chaotic systems and develop a new synchronization 

scheme. This synchronization approach is theoretically and numerically studied. One example is used 

to illustrate the effectiveness of the proposed synchronization method. 
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Abstract：：：： In this article we present an overview on two-person zero-sum games, which play a 

central role in the development of the theory of games. Two-person zero-sum games is a special class 

of game theory in which one player wins what the other player loses with only two players. It is 

difficult to solve 2-person matrix game with the order m×n(m≥3,n≥3). The aim of the article is to 

determine the method on how to solve a 2-person matrix game by linear programming function 

linprog() in matlab. With linear programming techniques in the Matlab software, we present 

effective method for solving large zero-sum games problems. 

Introduction 

Game theory is a branch of applied mathematics that is used in the social sciences, most notably 

in economics [1]. Two-person zero-sum games refer to games of pure conflict, which is the simplest 

case of game theory. In zero-sum games the total benefit to all players in the game, for every 

combination of strategies, always adds to zero, the payoff of one player is the negative of the payoff 

of the other player [2].  

Two-person zero-sum games play a central role in the development of the theory of games, but it 

is difficult to solve 2-person matrix game with the order m×n (m≥3,n≥3). The connection with linear 

programming was discovered by von Neumann in 1947. Mixed strategies must exist for two-player 

zero-sum games had been proven by John von Neumann and Oskar Morgenstern. The Minimax 

Theorem is a simple consequence of the Duality Theorem of linear programming [2,3]. So using 

linear programming techniques can solve two-person zero-sum games. In this paper we discuss how 

to convert a two-person zero-sum game into a linear programming problem  

Linprog command in Matlab  

Linear programming is one of the most widespread methods used to solve management and 

economic problems. The command linprog from the optimization toolbox implements the simplex 

algorithm to solve a linear programming problem. Matlab uses the following format for linear 

programs: 
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min

. .

Tz f x

A x b

s t Aeq x beq

lb x ub

=

⋅ ≤


⋅ =
 ≤ ≤  

Where f, x, b, beq, lb, and ub are vectors, and A and Aeq are matrices. 

x = linprog(f, A, b, Aeq, beq, lb, ub) solves the above linear programming min Tf x such that 

A x b⋅ ≤ . While additionally satisfying the equality constraints Aeq x beq⋅ = , set A = [] and b = [] if 

no inequalities exist. Defines a set of lower and upper bounds on the design variables, x, so that the 

solution is always in the range lb x ub≤ ≤ , set Aeq = [] and beq = [] if no equalities exist [4].     

For example, our original problem is translated into the format: 

1 2

1 2

1

2

min 4 3

5

6 10

1 4

Z x x

x x

x

x

= +

+ ≤

− ≤ ≤
− ≤ ≤  

Solve the problem by Matlab, first we set up the vectors and matrices: 

c=[4,3]; 

a=[1,1]; 

b=[5]; 

lb=[-6;-1]; 

ub=[10;4]; 

Finally, input the command x=linprog(c,a,b,[],[],lb,ub). Applying with the command linprog in 

optimization toolbox can be solved the above problem.  

Solving two-person zero-sum game by Matlab 

It is still difficult to solve the matrix game for high order, although there are many solving ways. 

The Minimax Theorem is the fundamental theorem in the theory of two-person zero-sum game. The 

Minimax Theorem as follow: For every two-person, zero-sum game with finite strategies, there exists 

a value V and a mixed strategy for each player, such that (a) Given player 2's strategy, the best payoff 

possible for player 1 is V, and (b) Given player 1's strategy, the best payoff possible for player 2 is 

−V. It can be proved by techniques from linear programming [5-7].  Seeing the relationship of the 

Minimax Theorem and Duality Theorem, linear programming can be used to solve two-person 

zero-sum game. 

We have an m×n payoff matrix A=（aij）m×n, The entry aij represents the payoff to the row player 

when she picks the i
th

 strategy and column player picks his j
th

 strategy. The two-person zero-sum 

game can be solved by solving thus two linear programming: 
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min

1 ( 1,2, , )

0 ( 1, 2, , )

i

i

ij i

i

i

Z x

a x j n

x i m

′=

 ′ ≥ = ⋅⋅ ⋅

 ′ ≥ = ⋅⋅ ⋅

∑

∑     

max

1 ( 1, 2, , )

0 ( 1,2, , )

j

i

ij j

j

i

w y

a y i m

y j n

′=

 ′ ≤ = ⋅⋅ ⋅


 ′ ≥ = ⋅⋅ ⋅

∑

∑  

 

Suppose we want to solve the two-person zero-sum game, which payoff matrix as follow, 

3 2 1

1 4 2

2 2 3

− 
 − 
 
 

 

Step 1 Reduce the payoff matrix by dominance. The above payoff matrix is a simplest form. 

Step 2 Convert to a payoff matrix with no negative entries by adding a suitable fixed number to all the 

entries. Adding 3 to every element of the above payoff matrix, then the new matrix is  

6 1 4

2 7 5

5 5 6

 
 
 
 
 

 

Step 3 Solve the associated standard linear programming problem. Solving thus two linear 

programming: 

1 2 3

1 2 3

1 2 3

1 2 3

min

6 2 5 1

7 5 1

4 5 6 1

0 1,2,3i

x x x

x x x

x x x

x x x

x i

+ +

+ + ≥
 + + ≥


+ + ≥
 ≥ =

    

1 2 3

1 2 3

1 2 3

1 2 3

max

6 4 1

2 7 5 1

5 5 6 1

0 1,2,3i

y y y

y y y

y y y

y y y

y i

+ +

+ + ≤
 + + ≤


+ + ≤
 ≥ =

 

Step 4 Calculate the optimal strategies by Matlab 

 

Translated LP 

1 2 3

1 2 3

1 2 3

1 2 3

min

6 2 5 1

7 5 1

4 5 6 1

0 1,2,3i

x x x

x x x

x x x

x x x

x i

+ +

+ + ≥
 + + ≥


+ + ≥
 ≥ =

 into the format 

1 2 3

1 2 3

1 2 3

1 2 3

min

6 2 5 1

7 5 1

4 5 6 1

0 1, 2,3i

x x x

x x x

x x x

x x x

x i

+ +

− − − ≤ −
− − − ≤ −

− − − ≤ −
 ≥ =

 

set up the vectors and matrices:： 

c=[1,1,1]; 

a=[-6,-2,-5;-1,-7,-5;-4,-5,-6]; 

b=[-1,-1,-1]; 

lb=[0;0;0]; 

To find the optimal solution, the optimization toolbox has the command linprog: 

x=linprog(c,a,b,[],[],lb)  
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Translated LP

1 2 3

1 2 3

1 2 3

1 2 3

max

6 4 1

2 7 5 1

5 5 6 1

0 1,2,3i

y y y

y y y

y y y

y y y

y i

+ +

+ + ≤
 + + ≤


+ + ≤
 ≥ =

 into the format 

1 2 3

1 2 3

1 2 3

1 2 3

min

6 4 1

2 7 5 1

5 5 6 1

0 1,2,3i

y y y

y y y

y y y

y y y

y i

− − −

+ + ≤
 + + ≤


+ + ≤
 ≥ =

 

Solved command in Matlab is  

clear 

c=[-1,-1,-1]; 

a=[6,1,4;2,7,5;5,5,6]; 

b=[1,1,1]; 

lb=[0;0;0]; 

y=linprog(c,a,b,[],[],lb) 

The solution of above two LP is
1 4 1 1

0,0, , , ,0 ,
5 25 25 5

x y v
   ′ ′ ′= = =   
   

 

The final result of the two-person zero-sum game is  

( )* * 4 1
0,0,1 , , ,0 , 5 3 2

5 5
x y v

 = = = − = 
 

 

Step by step, we show how to use this linear programming method solve the two- person 

zero-sum game in Matlab. The help of computer tools, we can greatly reduce the solving work time. 

Conclusion 

Matlab is a high-level technical computing language. In optimization toolbox of Matlab, linear 

programming problem can be solved simply by the command linprog. Many algorithms have been 

proposed for solving two-player zero-sum games, but it is not easy to solve for large matrix game. 

Using linear programming is efficient method. Especially, it uses the linear programming function 

linprog() in Matlab, calculates the two-person zero-sum game. This method is efficient and 

effective for large matrix game. 
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Abstract. A large number of mountain disasters were induced by Wenchuan Earthquake, and as one 

type of them, the deformation and failure modes of anti-dip slopes were influenced by overburden. 

Under the condition of no overburden, the collapse will mainly occur; while under the overburden 

condition, it is the shallow slump mainly occured. Taking the landslide of Wangjia Mountain in 

Longmenshan Town, Pengzhou City as an example, the anti-dip slopes were stimulated by using the 

finite element method in this study, where the influences of overburden on deformation and failure of 

anti-dip slopes were analyzed under the static condition with seismic load effect. The related analysis 

showed that significant influences of overburden existed on the deformation and failure of slopes, 

resulting into great increments of slope displacement, stress and sliding distance. The analytical 

results were consistent with the characteristics that the large-scale deformation and failure of anti-dip 

slopes mainly occurred on the slopes with overburden in the Wenchuan Earthquake.
 
 

Introduction 

At 14:28 on May 12, 2008, Ms 8.0 earthquake occurred in Wenchuan, Sichuan Province of China, 

inducing a large number of geological disasters
 [1-7]

. It was found through the investigation that a great 

many mountain disasters were related to the shallow overburden of slopes. As one type of mountain 

disasters induced by Wenchuan earthquake, the deformation and failure of anti-dip slopes were 

affected significantly by overburden, leading to different modes of deformation and failure
 [8-9]

. 

Without the overburden, a relatively small number of disasters occurred to anti-dip slopes with a 

small scale, and the collapse was the main type. While under the overburden condition, a relatively 

large number of disasters usually occurred to anti-dip slopes with a large scale, and the shallow slump 

was the main type. In conclusion, the deformation and failure of anti-dip slopes was greatly affected 

by shallow overburden. Wenchuan earthquake occurred in the Longmen Mountain area, where 

anti-dip slopes were distributed widely. The effects of overburden on anti-dip slopes could not be 

ignored as one of concerns in the restoration and reconstruction of disaster areas after the earthquake. 

Therefore, the study on the effects of overburden on deformation and failure mechanism of anti-dip 

slopes was of a great practical and theoretical significance to the current restoration and 

reconstruction of disaster areas.  

In the past few decades, a large number of studies were conducted on slope response and its 

stability under the action of seismic load by researchers at home and abroad, of which two aspects 
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were the main focuses, i.e., post-earthquake field investigation and numerical simulation. 

Additionally, more studies were carried out on rock slopes aiming at the seismic response and the 

stability of high slopes, jointed rock mass and bedding rock mass
 [10-17]

. However, the effects of 

overburden on deformation and failure of slopes were not considered in such analyses, and scarce 

studies were conducted on anti-dip slopes. 

In conclusion, very scarce studies were conducted on the effects of overburden on deformation and 

failure mechanism of anti-dip slopes. Therefore, using ANSYS finite element method, the numerical 

simulation model of slopes was established with the landslide in Wangjiaping as an example in this 

study, where comparative analysis was carried out on the deformation and failure of anti-dip slopes 

under static condition and the action of seismic load with or without the overburden. In addition, the 

effects of overburden on deformation and failure of anti-dip slopes were studied. 

Main Deformation and Failure Modes of Anti-dip Slopes in the Disaster Area after Wenchuan 

Earthquake  

In the disaster area after Wenchuan earthquake, the disaster type of anti-dip slopes mainly displayed 

as collapse, while shallow landslide was mainly generated on the anti-dip slopes with surface 

overburden. According to the differences under the condition with or without the overburden, the 

deformation and failure modes of anti-dip slopes in Wenchuan earthquake were divided into two 

categories, as shown in Figure 1: 

 

Earth-rock mixture 

accumulation

Slide surface

 Bedrock Traction collapse

Overburden

Bedrock

（a） （b）

Seismic wave

Talus

Dumping and falling

Layer and Stress-release cracks

Seismic wave

Overburden landslide

 
Fig. 1 Deformation and failure modes of anti-dip slopes in Wenchuan earthquake (a. collapse-fall 

type; b. shallow-slump type) 

 

The first type was the collapse-fall type mainly generated on the slopes without overburden, where 

anti-dip rock mass was exposed. The collapse occurred to rock mass along the excavation face or 

adjacent to free face, leading to the formation of talus at the base of slope after rock falling. The 

second type was the shallow-slump type mainly generated on the slope covered by accumulative 

formation, where the free face of slope showed a binary structure (the upper section was overburden, 

while the lower section was bedrock). Shallow slump was induced under the seismic effect, leading to 

the collapse of the bedrock at the lower section as well as the mixed accumulation of deposit rocks. 

Brief Introduction of Wangjiaping Landslide   

The landslide occurred in Wangjiaping, Longmenshan Town, Pengzhou City in Sichuan with the 

geographic coordinates of N31 ° 17′ 9.3″ and E103 ° 49′ 48.7″. More than 50 km away from 

Wenchuan epicenter, this landslide was classified as the shallow-slump type. The landslide body was 

120m in length and 150m in width with a scale of about more than 50,000 m
3
, causing 150m 

Pengzhou-Baishuihe Highway to be buried, as shown in Figure 2. 
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Fig. 2 Overall picture of the landslide      Fig. 3 Topographic and geologic map of landslide area 
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Fig. 4 The geological profile of slope in landslide area 

 

The area where the landslide occurred was classified as a valley geomorphic unit with middle 

mountainous terrain and medium cutting. Dabaoshan in the northwest was the location with the 

highest altitude of about 2,000 m, while the bottom of Baishuihe valley had the lowest altitude of 

1,350 m, leading to a cutting depth above 500 m. The landslide occurred on the right bank of 

Baishuihe with the posterior elevation of about 1,520 m and the terrain slope of about 35 ~ 40 °. The 

highway crossed the middle section of slope with the excavated slope height of 15 ~ 20 m, where 

luxuriant vegetation existed. Consisting of medium-thick bedded gray argillaceous limestones, 

bedrocks on the slope were classified as Silurian Maoxian Group (T3mx
1
) and mainly distributed in 

the lower section of both valley banks with the occurrence of 335 ° ∠ 70 ° and overall N-W 

orientation. The landslide occurred on the anaclinal slope with the orientation of 150 °. Composed of 

plastic gravelly silty clay with a small quantity of breakstones, Quaternary eluvium and diluvium 

(Q4
el+dl

) were widely distributed on the slope with the thickness between 1 and 3 m. The landslide area 

was located to the southeast side of Peng-Guan Fault with a distance of 0.8 km away. In geology, this 

area was classified as Longmenshan fold-fault zone with intensive uplifts. Figure 3 shows the 

topographic and geologic map of landslide area, and Figure 4 shows the longitudinal profile of the 

slope on which the landslide occurred. 
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Establishment of Numerical Model for Slope Analysis 

Based on the geological profile of slope engineering, as shown in Figure 4, the boundary size of the 

geometric model was appropriately extended on the premise of constant structure and thickness of 

strata, in order to achieve simulation accuracy. The model was divided into two layers, i.e., bedrocks, 

eluvium and diluvium. Physical and mechanical parameters of slope rocks were determined by the 

tests with reference to relevant experience. Physical and mechanical parameters of the slope are 

shown in Table 1. 

Table 1 Physical and mechanical parameters of the slope 

Accumula

tive 

formation 

Density(kg.m
-3
) 

Elastic modulus 

(Gpa) 
Poisson's ratio  Cohesion (kpa) 

Internal friction 

angle（°） 

1,980 0.001 0.3 16 26 

Bedrock 
Density(kg.m

-3
) 

Elastic modulus 

(Gpa) 
Poisson's ratio 

Interlayer 

cohesion (kpa) 

Interlayer  friction 

coefficient（°） 

2,500 25 0.25 20 0.6 

 

In order to ensure the simulation accuracy, the upper and lower boundaries as well as left and right 

boundaries were set 2.5-times more than excavated slope height. The elastic material was adopted as 

the rock material for the calculation; soil mass and rock aspects were plastic materials. D-P yield 

criterion was used in the calculation as well as ANSYS large deformation analysis. Boundary 

conditions were set as follows: vertical and horizontal displacement constraints were imposed at the 

left and lower boundary, and no constraint existed for the slope body as free face of seismic response. 

Through birth-death element, the calculation models were converted under the condition with or 

without the overburden.   

 

 
Fig. 5 Finite element calculation model of the slope on which Wangjiaping landslide occurred 

 

The transient dynamic analysis technology was adopted for dynamic analysis of structure. The 

used seismic waves were referred to “Earthquake Records in Tianjin, China (1975)” with interception 

record duration of 5 s and time interval of 0.01 s. Figure 5 shows the finite element calculation model 

of the slope on which Wangjiaping landslide occurred. Two observation nodes (located on the layer 

most adjacent to excavated free face with serial number of 1759 and the internal rock mass above 

excavated free face with serial number of 1536 respectively) were taken in the figure as well as an 

observation path (pointing to the upper slope from excavated free face). 
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Effects of Overburden on Deformation and Failure of Slopes 

Effects on Slopes under the Static Condition. Figure 6 (a) shows the displacement variations of 

anti-dip slopes along the observation path under the conditions with or without the overburden. It can 

be seen from the figure that the slope displacement was significantly increased with the overburden, 

and relatively obvious increase was shown in the vertical displacement.  

Figure 6 (b) shows the stress variations of anti-dip slopes along the observation path under the 

conditions with or without the overburden. It can be seen from the figure that the slope stress was 

significantly increased with the overburden, and relatively obvious increase was shown in the vertical 

stress.  

 

 

Fig. 6 Under the static condition, the variations of displacement (a) and stress (b) of slopes with or 

without the overburden along the observation path 

 

Overburdens also had great influences on interlayer friction stress and sliding distance between 

strata. It can be seen from the analysis that the magnitude of both positive friction stress and negative 

one was significantly increased with the overburden.  

Effects on Slopes under the Action of Seismic Load. Figure 7 shows the displacement and stress 

time-history curves of anti-dip slopes at the observation node 1536 with or without the overburden. It 

can be seen from the figure that the displacement and stress of slopes were significantly increased 

with the overburden. With the continuity of seismic time-history, the slope displacement showed a 

gradually increasing trend with the overburden. 

 

 

Fig. 7 Time-history curves of displacement (a) and stress (b) at slope node 1536 with or without 

the overburden 

 

Figure 8 shows the time-history curves of sliding distance and friction stress at observation node 

1759 with or without the overburden. It can be seen from the figure that the interlayer friction stress 
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between strata was decreased significantly with the overburden and sliding distance between strata 

was increased significantly with the overburden. 

 

 
Fig. 8 Time-history curves of friction stress(a) and sliding distance(b) at observation node 1759 

with or without the overburden 

Conclusions and Recommendations 

Based on analyses and conclusions on the deformation and failure of anti-dip slopes with excavation 

damages in disaster areas after Wenchuan earthquake, the main modes of deformation and failure of 

anti-dip slopes were obtained. Taking Wangjiaping landslide in Longmenshan Town, Pengzhou City 

as a typical example, the ANSYS software was used to simulate the slopes in this study; meanwhile, 

the effects of overburden on deformation and failure of anti-dip slopes were analyzed. The following 

conclusions can be obtained from analyses:  

(1) Overburdens had significant influences on deformation and failure of anti-dip slopes. With the 

overburden, the slope displacement, stress and interlayer sliding distance were significantly increased 

and friction stress was decreased either under static condition or under the action of seismic load.  

(2) The analysis results were consistent with the investigation results that deformation and failure 

of anti-dip slopes occurred in a small quantity with a small scale without the overburden, while the 

situation was right on the contrary with the overburden.  

(3) It is recommended to pay more attention to the anti-dip slopes with shallow overburden in the 

restoration and reconstruction of disaster areas. 
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Abstract. Cloud computing with its powerful feature has been used preliminary in some commercial 

areas in the world, cloud computing also is used in IT industry, and it is a new revolution in IT 

industry. Cloud computing is of great concerned for its characteristics of the security and reliability of 

data mass storages and the low requirement on the customer premise equipment, especially in the 

financial industry. This paper describes the basic concept, characteristics and development status of 

cloud computing, and on the basis, the application of cloud computing in the banking industry is 

discussed, and the possible problems are pointed out. 

Introduction 

About cloud computing： 

Network cloud is a symbol, then the cloud, the most liberal interpretation is "Network 

Computing". Cloud computing can be seen as the developing of parallel computing, distributed 

computing and grid computing, or can be say that the cloud computing is the commercial realization 

of computer science concepts [1] . This is a common vision for cloud computing at present. The basic 

principle of cloud computing refers to the gathering and sharing the computing, storage, service 

components, network software, IT hardware and software, and providing a convenient, fast network 

technology equipped with on-demand service for the users through an open, unified way [2] . 

Cloud computing and grid computing are very similar, but the cloud computing is more power 

and superior than the grid in computing power, integrated and security. Cloud computing can be 

taken as a group of virtual servers working together on the internet, applications is very easy to 

implement through internet. In cloud computing, completion of operations is the large data centers 

and a powerful main server as a network application, network services. In grid computing, large 

task is divided into small tasks, then these small tasks are put into many parallel systems to run, the 

difference between cloud computing and grid computing is that the structure of cloud computing is 

a collection of resources, management of these resources can be dynamically, at any point in time 

these resources can be monitored and maintenance. 

Cloud computing includes the following three basic elements: 

(1) the gathering and sharing of resources: achieve a variety of statistical multiplexing of 

resources. 

(2) the opening and uniform access to resources: providing with an open, unified access 

interface for the users who can access to various resources just like using water and electricity, and 

the users do not need to concern about the details of various resources. 

(3) Simulation and isolation of resources: it can provide services equipped with on-demand for 

the users, so that each user has the feeling of using resources in the form of exclusive (on-demand 

service). Virtualization is the essence of cloud computing, or the fundamental property of cloud 
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computing is virtualization. As mentioned above, cloud computing at this stage is only achieved by 

virtualization of resources. With the further research and development to the technology and the 

relevant concept of cloud computing, in the near future, it will gradually realize the virtualization 

operations and virtualization management, virtualization is the vitality of cloud computing. printer.  

The characteristics of cloud computing 

    Cloud computing has the following main features: 

(1)Huge amounts of data, very large scale: “cloud” with considerable scale, for example, 

Google cloud computing already has more than 100 million servers.  

    (2) Virtualization: Cloud computing allows users at any location, using a variety of terminal 

access to application services. The requested resources come from the "cloud" rather than fixed 

physical entity. Application is running in the "cloud" somewhere, but in fact users do not need to 

know and do not have to worry about the specific location of running applications, the only need is 

a laptop computer or a mobile phone which can achieve all we need through network services, even 

supercomputing. 

(3) High reliability: there are many data in “cloud”, and in order to protect service high 

reliability, some measures have been used in “cloud”, such as fault tolerance with multiple copies, 

interchange with the structure of computing nodes, the use of cloud computing are more reliable 

than using the local computer 

(4) Universal property: cloud computing is not for specific applications, the ever-changing 

application can be constructed under the support of “cloud” computing, a “cloud” can support 

different applications to run simultaneously. 

(5) High expansibility: the scale of “cloud” can be dynamic stretched, which can meet the 

needs of the application and the users’ scale of growth.  

(6) On-demand service: "cloud" is a huge resource pool, users can buy it by demand; Cloud 

can be billed just as water supply, electricity, LPG.  

(7) low cost: as the special fault-tolerant measures of "cloud", very low-cost nodes can be used 

to form cloud, automated centralized management of "cloud" makes a large number of companies 

without the burden of increasingly high cost of data center management, and the universal of 

"cloud" also makes the utilization of resources greatly enhance than the traditional systems, So 

users can fully enjoy the low-cost advantage of "cloud".  

Preliminary discussion on Cloud computing applications in the banking system 

Cloud computing and the banking system 

Now, many companies in the IT building is at a crossroads, the banking industry is no 

exception. IT complexity and low efficiency of the crisis is obvious and the situation became worse 

in the global economic crisis situation, and customers have encountered serious challenges in the 

growth of IT infrastructure. Faced with this situation, we can create a virtual version of the complex 

environment. Virtualization which is coupled with service management automation, system image, 

the standardization of version and procedures, will achieve significant operating advantages. This 

model may be understood as the dynamic infrastructure. 

Cloud computing is in the purposes of improving a computing infrastructure and services. 

Because cloud computing has the following characteristics, it can be applied to the banking 

industry. 

Cloud computing offers standards and determines the location and how to calculate delivery 

options: security, control, flexibility and SLA (service level agreements), this can help enterprises to 

improve competitive advantages. In addition, users can seamlessly insert into the existing service of 

the existing infrastructure at any time, this is the best options which are to shorten time and reduce 

the risk. For risk and time, companies need to consider many factors, but the most important is the 

IT organizations which are responsible for managing IT services. As more and more services can be 
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used, management systems and the mixed infrastructure management model will change. This is 

essential for the enterprises successfully integrating cloud calculation into the enterprises will be 

integrated into the internal of the enterprises. 

Cloud computing embodies the economies of scale: the influence of the scale on the unit cost  

is the same as traditional infrastructure costs which will decrease with the increase of the size. 

Clearly, cloud service providers can significantly reduce infrastructure costs. If we use the 

virtualization, standardization, automation, and other basic cloud computing technology, the users 

can also reduce costs and create value, even in the implementation of IT procurement before the 

outside is no exception. Therefore, if the basic cloud computing is deployed, enterprises will be able 

to use cloud computing to take precautions to create a cost advantage. The cost model may differ 

because of work load and will gradually change, but it clearly shows the development of proprietary 

technology cloud or public clouds can have a huge advantage in creating value and decreasing cost. 

 The advantages of cloud computing combined with the banking industry: 

The development of cloud computing will have a profound impact on the banking industry. 

The bank which is a resource-rich, large data, requires a lot of scientific computing, to serve the 

public sector. By the development of the current status and needs of the banking sector, banking and 

cloud computing have more entry points. We must balance the interests of maximizing and 

minimizing risk in the application of cloud computing in the bank. Therefore, we can transfer part 

of the businesses and resources to the public cloud, and this part should obtain benefits from the 

dynamic resource management. At the same time, most exclusive business and private resources (in 

particular customers’ data and information) are on the internal cloud. 

 Public cloud:  

(1) Calculation of banking data，cloud computing can bring the staff of banks   powerful, 

flexible and low cost platform for collaboration and innovation, and cloud computing is a clear 

advantage of reducing utility computing costs. Using cloud computing, users can avoid the local 

construction, expensive computing systems. Through the payment of low-cost services, clients can 

complete the same calculations or processing. In the October 2007, Google 101 plans have 

facilitated Google and a IBM great cooperation - - - integrating global many universities to the 

computation “the cloud” which is similar with Google Google's "cloud" programs provide 

Google-style computing infinite capacity for students, researchers and entrepreneurs. In the near 

future, with the expansion of the "cloud" effects, we can enjoy powerful computing capability 

without the need to purchase a large number of infrastructure.  

(2) Bank data storage, at present, banks stored large amounts of data in the respective terminal 

equipment. When combined with cloud computing, bank get the service only through a terminal 

tool access system, by a third-party service providers providing computing and storage resources, 

operation and maintenance. Banks do not need purchase equipment for lack of storage resources, 

just to the service providers to purchase storage services. 

(3) Resources sharing among banks, web-based servers, storage, databases, and other cloud 

computing architecture, software and services provide an attractive platform for cooperation to 

major banks around the world. Putting these advanced application software resources on the clouds 

for the global bank workers to use, can save significant costs for banks. 

(4) Bank and other enterprise's relation, enterprise is a very important part of the banks’ 

customers originates. If the bank's information resources and business information resources place 

in the same cloud, they can use each other. 

Inner cloud 

    (5) Personnel management, financial control, as the chart 1 shown, what the platform layer 

provides is PaaS (Platform-as-a-Service) serves. Its value lies in pre-defined and options. PaaS 

similar IaaS, but it includes operating systems and applications around specific essential services. 

PaaS can be described as a complete virtual platform, which includes one or more servers, operating 

systems and specific applications. Application procedure is provided by the application layer. 

Application layer is called SaaS (Software-as-a-Service) which deploys software from a centralized 

system, so that it can remotely run a model in a local computer or from the cloud. Salesforce is the 
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pioneers of a cloud computing software the same as a service company. 800 APP provides 

consummation PaaS software products in China. 800 APP have developed in almost all SaaS 

applications on the PaaS platform, including human resources management, financial management 

and accounting systems. These facilitates which are easy to use, full-featured management software 

will bring to the bank workers more efficient. 

(6) Business model, the bottom of banks’ inner cloud is the physical layer, including the most 

basic of hardware resources, such as computing resources, storage resources and network 

resources [6] . It provides HaaS (Hardware as a Service) services. For hardware resource 

virtualization, IT technology automation and how much to use of resources by the inevitable 

consequence of the pricing, banking customers can purchase or rent an entire data center to order 

services. HaaS is the distribution according to need, flexible, scalable, and is to reasonably control. 

This can not only save the cost of the inner bank, but also reduces the utilization of hardware 

resources idle and low risk. Uniform Resource layer can be decomposed into two small levels, a 

virtual layer and infrastructure layer. 

    Services provided by the virtual layer are SaaS (data-Storage-as-a-Service), and its value is 

stored in the form of metering services. Infrastructure layer provides services for the IaaS 

(Infrastructure-as-a-Service). IaaS only provides the virtual hardware and it has not software stack, 

so cloud computing allows banking staff upload pictures and music, which automatically generate 

web-based video presentations and be shared with others. So long as a computer or a mobile phone 

can make real-time, remote business communication, reporting that becomes very simple. Cloud 

computing is not only a combination of new technology, 

It is also an innovation of business model. Many public areas, such as banking business 

computing power, processing capability, and the service capacity will be improved.   

 

Fig. 1 The internal structure of the banks’ cloud and their external structure chart 

Issues requiring attention of cloud computing applied to banking  
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Classification of bank resources 

The classification of banking resources will be a problem confronting the future: What should 

be put on public clouds, which should be placed on private cloud; what resources should be shared, 

what resources should be kept confidential. 

Procurement of hardware changing into purchase storage services 

In the cloud computing environment, storage is no longer a hardware, but a service. Will this 

change the user's memory for future procurement method to purchase from the procurement of 

hardware into storage services? 

The banking sector is facing greater competition 

As the impact of cloud computing expands in depth, this leads to maximize the sharing of resources, 

regional differences tend to minimize. So our level of business will face greater competition and 

challenges.  

Summary 

Cloud computing is the connotation of computing, storage, service components and network 

software, IT software, hardware virtualization. It is the integration of grid computing, distributed 

computing, utility computing, Web 2.0, SaaS and many other new technologies. It provides new 

business models by hiring an in-demand IT resources as the core. The development of technology 

and business models will undoubtedly have a major impact for the future of electronic information 

in the field of software industry and hardware industry. This will affect many areas, such as servers, 

storage, network infrastructure and middleware, operating systems, application software, and 

network services, and create a new IT applications. Banking system is based on data storage 

reliability and stability as the premise, taking full account of technology, nature, scientific 

management, ease of maintenance, operation efficiency, timely backup and restore reliability. These 

can be answered in the cloud. Therefore, cloud computing and the banking industry combined with 

great practical significance. 
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Abstract: A novel heat sink was fabricated for packaging cooling of high power LED. Enhanced 

boiling structures in the evaporation surface were processed by ploughing-extrusion (P-E) and 

stamping methods, respectively. The cycle power of refrigerant was supplied by wick of sintered 

copper powder on internal surface of phase change heat sink. The experimental results showed 

that phase change heat sink was provided with a good heat transfer capability and the temperature 

of phase change heat sink reached 86.8℃ under input power of 10W LED at ambient temperature 

of 20℃. 

1 Introduction 

High power light emitting diode (LED) as a new type of solid-state light source possessed a 

number of advantages compared to traditional light sources such as the life time, environmental 

friendly and energy saving et al [1-2]. However, thermal management had become one of the 

main factors for application of high power LED due to greater spreading resistance of solid heat 

sink [3-5]. Efficiency of heat transfer can increase 10-100 time compared to the traditional solid 

heat sink at the same operating conditions [6]. So phase change heat transfer technology can be 

widely applied in the heat dissipation of optoelectronic and micro-electronics fields. 

Sheng Liu[7] optimized a kind of closed micro-jet array cooling system of high power LED. 

The result showed that temperature of chip surface reached 44.2℃ when input power was 16.4W. 

Lu Xiang-you [8] made a kind of LHP as cooling system of high-power LED, and junction 

temperature of LED can be controlled below 100℃ under 100W input power. Lan Kim[9] set up a 

cooling system for high power LED array and the temperature of cooling system was decreased 

24.3 ℃ after heat pipes were used. But these cooling system which were large size and complex 

structure, were difficult to be used as heat dissipation in packaging of LED. 

In this study, the principle and structure of phase change heat sink as a heat transfer 

component for high power LED package was analyzed. Enhanced boiling structures in 

evaporation surface were processed by P-E and stamping, respectively. And the relationships 

between forming parameters were analyzed. Furthermore, copper powder was sintered as wick on 

internal surface of phase change heat sink. In addition, the performances were investigated under 

different power inputs and working fluids. 
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2 Fabrication of phase change heat sink 

2.1 Structure and principle of phase change heat sink 

Phase change heat sink of high power LED make up of vapor chamber, wick and boiling 

structure as shown in Fig.1. When heat is applied, the fluid at the location immediately vaporizes, 

and the vapor rushes to fill the vacuum. When vapor comes into contact with condenser surface, 

vapor began to release its latent heat of vaporization and turn into liquid. Then the condensed 

liquid returns to the heat source via capillary action or natural circulation. Higher effective 

thermal conductivity is obtained due to the high latent heat of a liquid during phase change. 

 

Fig.1 Schematic diagram of LED high-power phase-change heat sink structure and working principle 

(Rs, Rw, Rt, Rc are thermal resistance of solid wall, wick, liquid vapor interface, vapor core, respectively) 

2.2 Fabrication of 3D boiling structure 

2.2.1 Forming of spiral circumferential grooves 

Nitesh D. Nimkar [10] found that micro-grooves, cracks and fins could speed up the 

vaporization of refrigerant, so the boiling performance could be improved significantly. Tang [11] 

investigated the processing methods of micro-grooves, cracks and fins to improve the heat 

transfer performance. In this study, spiral micro-grooves along circumferential direction were 

fabricated by P-E.  

                          

Fig.3 Boiling structure by P-E processing                       Fig.4 3D boiling structure 

The experiment was carried out on the lathe C6132A1, and the red copper column with 

diameter of 10 mm, thickness of 1 mm was used as the work-piece. P-E tool was installed by way 

of parallel with copper columnar axis. The section SEM of spiral micro-grooves which was 

processed when P-E depth ap was 0.3 mm, P-E interval dp was 1.24 mm was shown in Fig.3. 

P-E speed was continuously changed during forming process of boiling structure. The value 

of P-E speed was maximum when process was beginning. Along with P-E tool was closed to the 

center of the work piece gradually, the P-E speed reduced synchronous. The relations of the d, f 

and n must be calculated as following: 
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Where VP-E is processing speed, t is time, n is rotational speed, f is amount of feed. 
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2.2.2 Forming of radial grooves 

Radial grooves were processed by punch method based on the circumferential grooves. 

Firstly, workpiece was fixed on the plate, and installation direction of stamping tool was parallel 

with axial direction of workpiece. Secondly, stamping tool moved downward to punch the 

workpiece to achieve a radial micro-groove after stamping depth ac was confirmed. Thirdly, 

stamping tool moved upward while the angle θc was rotated by plate, and another radial 

micro-groove was achieved when stamping tool punched the workpiece again. So, the angle 

between the two radial grooves was equal to the angle of the plate rotation, and one end of the two 

grooves was coincidence on the center of workpiece. 

When stamping depth ac was 0.3mm and angle θc was 2°, 3D boiling structure with 

micro-grooves and fins on the surface which could improve the boiling performance of working 

fluid significantly was obtained after workpiece was processed (shown in Fig.4). The structure 

interconnected the radial and circumferential grooves and was conducive to flow of liquid from 

radius to center in evaporating surface. 

Interference occur between two adjacent grooves near the center of workpiece in stamping 

process because there was a certain width of grooves, and the length of interference was relation 

to the angle θc. Defining Li is the length of interference, so the relations of the Li and θc must be 

met as following: 
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Where ac is stamping depth, α is blade angle. 

2.3 Fabrication of wick 

Wick which provided cycle power of working fluid was a sintering layer on internal face of 

heat sink by metal powder or fiber [12], and there were a promising application due to the porous 

structure, high porosity and large specific surface area. Experiment was carried out under the 

protective atmosphere of hydrogen. Wick was fabricated at the temperature range of 900℃-950℃ 

and sintered time was 45 min. Phase change heat sink was obtained eventually (shown in Fig.5). 

The porosity of wick can be calculated by the following equation: 

%100)1( ×−=
V

M
E

ρ
                                                              (3) 

Where M is quality of wick, ρ is density of copper powder, V is volume of wick. 

3 Testing system of high power LED 

        

Fig.5 The sample of phase change heat sink         Fig.6 Performance Test System of phase change heat sink 

The testing system included heater, cooler and temperature data collection. The solid copper 

embedded one resistors of 100 Ω was used as heat source. The heat generated from resistors could 
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be regulated by voltage regulator. To improve the accuracy of experimental data, the solid copper 

and heat sink were wrapped with asbestos tightly. Meanwhile, an aluminum radiator was installed 

on condenser for cooling by natural convection in order to improve the reliability of LED. Two 

contact surfaces was polished and coated with thermal silica and then radiator was fastened on the 

condenser by mechanically to reduce contact resistance between the radiator and condenser. 

The eight thermocouples were distributed on the evaporator (T1, T2, T3, T4) and the 

condenser (T5, T6, T7, T8). Temperature signal was transmitted to ADAM-4520 from 

ADAM-4018 which was connected with the eight K type thermocouples, and then to computer 

whose signal sampling frequency was 1 datum s
-1

. The testing system and location of 

thermocouples was shown in Fig.6. 

4 Results and discussion 

4.1 Effect of power input on the performance 

The heat transfer performance of phase change heat sink was tested under the condition of 

3W, 5W and 10W as input power respectively and water as refrigerant (shown in Fig.7). The 

balance time was short, the rise speed of temperature was quick and balance temperature was 

increased with input power added. The balanced time and the lowest temperature on condenser 

were 60 min, 48 min, 30 min and 38.6℃, 53.8℃, 84℃, respectively. Less heat was generated 

under small input power. Meanwhile, some of heat was absorbed by testing system, so the rate of 

heat exchange was slowly between radiator and air when heat was transferred to radiator by phase 

change heat sink. After input power was increased, more heat was generated to accelerate the heat 

exchange between radiator and air, so the balance time was short. 

4.2 Effect of refrigerant on the performance 

Heat transfer characteristics of heat sink can be reflected by thermal resistance. Thermal 

resistance can be calculated according to average temperature of evaporator and condenser: 

in
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Where Tevp-ave and Tcond-ave are average temperatures of evaporator and condenser, 

respectively. 
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(a) 3W                           (b) 5W                            (c) 10W 

Fig.7 Heat transfer performance of phase-change heat sink under different thermal load 

Thermal resistance of heat sink was shown as Fig.8 under different refrigerant and input 

power. Thermal resistance decreased and temperature of evaporator rise when input power 

increased. Thermal resistance with water as refrigerant was greater than that with alcohol as 

refrigerant when input power was 3W or 5W, and was equal when input power rise to 7.5W under 

different refrigerants. The reverse was the case in 10W input power. Because the specific heat 

capacity and boiling point in vacuum of water were higher than that of alcohol, so more heat 

should be absorbed by water to boiling and more latent heat was carried under the same 

conditions. The highest temperature was 85.4℃ and 86.8℃with water and alcohol as refrigerant 
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respectively under the condition of input power for 10W, ambient temperature 20℃, and the 

minimum thermal resistance was 0.09℃/W. So the low thermal resistance could be achieved in 

case of alcohol as refrigerant under the low input power, but water as refrigerant was more 

suitable for large heat density of heat transfer. 
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Fig.8 Thermal resistance of phase-change heat sink under different refrigerant 

5 Conclusions 

(1) A novel phase change heat sink was designed and fabricated for packaging cooling of 

high power LED in this study. It provided a new way to resolve the thermal problem of packaging 

level for high power LED. 

(2) 3D boiling structures with micro-grooves, cracks and fins on the evaporator surface were 

processed after spiral and radial micro-grooves were formed by P-E and stamping respectively. 

Wick was fabricated by sintering method to provide the capillary force of refrigerant cycle. 

(3) A good performance of heat transfer was obtained by phase change heat sink had when 

alcohol as refrigerant under the low input power, or water as refrigerant under the high input 

power. The minimum thermal resistance and the highest temperature were 0.09℃/W and 86.8℃ 

under input power of 10W, ambient temperature of 20℃. 
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Abstract. In [1], an aggregate constraint aggregate (ACH) method for nonconvex nonlinear 

programming problems was presented and global convergence result was obtained when the 

feasible set is bounded and satisfies a weak normal cone condition with some standard constraint 

qualifications. In this paper, without assuming the boundedness of feasible set, the global 

convergence of ACH method is proven under a suitable additional assumption.  

Introduction 

Consider the following nonlinear programming problem:  

n

j

min f (x)

s.t. x {x R | g (x) 0, j q},∈Ω = ∈ ≤ ∈
                                              (1) 

where r

jf ,g C (r 2)∈ > and q {1, ,q}= � . Let 1 qg(x) max{g (x), ,g (x)}= � . It is well know that if 

*x ∈Ω  is a solution of (1), then there exists * * * q

1 q{ , , } Rξ = ξ ξ ∈� , such that * *(x , )ξ  is a solution 

of the KKT system  

j jj q

j j j j

f (x) g (x) 0,

g (x) 0, 0, g (x) 0.

∈
∇ + ξ ∇ =

ξ = ξ ≥ ≤

∑
                                                     (2) 

If * *(x , )ξ  is a solution of (2), then *x  is called a KKT point of (1), and *ξ  is called the 

Lagrangian multiplier vector corresponding to *x . 

In [2]--[4], a combined homotopy interior point (CHIP) method was presented for (1). Assuming 

Ω  is bounded, under a normal cone condition of the constraints, it was proven that a smooth 

interior path from an interior point of the feasible set to a KKT point of (1) exists. In [5], without 

assuming the boundedness of Ω  but adding some suitable additional assumptions, the CHIP 

method was proven to be still global convergent. In [1], by using the aggregate function, which is 

induced from the Jayne's maximum entropy principle by Li in [6], an aggregate constraint 

homotopy (ACH) method was given for (1). When Ω  is bounded and satisfies a weak normal 

cone condition with some standard constraint qualifications, it was proven that the ACH determines 

a smooth interior path from the given interior point 0 0(x , y ,1)  to a KKT point of (1). Because the 

dimension of the linear systems arising in the process of numerically tracing the ACH path is n 2+  

and not n q 1+ +  as in CHIP methods, the ACH method is more efficient for solving nonlinear 

programming problems with large amount of constraints. 
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In this paper, we consider to remove the boundedness of Ω  for ACH method. The paper is 

organized as follows. we give the convergence result of the ACH method for problems (1) on 

unbounded Ω  in Section 2. In Section 3, some test results are given.  

Aggregate Constraint Homotopy Method for Nonconvex Nonlinear Problems on Unbounded 

Sets 

Given the following assumptions: 

Assumption 1 f (x)  and jg (x)  are three times continuously differential functions. 

Assumption 2 0 n{x R : g(x) 0}Ω = ∈ <  is nonempty (Slater condition). 

Assumption 3 For any x∈∂Ω , j j{ g (x) : j J(x) {j : g (x) g(x)}}∇ ∈ = =  are positively independent, 

i.e. j jj J(x)
g (x) 0

∈
ξ ∇ =∑ , j j0 0ξ ≥ ⇒ ξ = . 

Assumption 4  There exists a closed subset 0Ω̂ ⊂ Ω  with nonempty interior 0Ω̂ , such that for 

any given x∈∂Ω , j j j jj J(x) j J(x)

ˆ{x g (x) : 0, 0}
∈ ∈

+ ξ ∇ ξ ≥ ξ > Ω =∅∑ ∑ ∩ . 

Assumption 5 For any sequence k{x }⊂ Ω , kx →∞ , there exists x∈Ω  such that for any 

k q{ } R +ξ ⊂ , it has k T k k k

j jj qk
lim(x x ) ( f (x ) g (x )) 0

∈→∞
− ∇ + ξ ∇ <∑ . 

For a given constant (0,1]θ∈ , denote n(t) {x R : g(x, t) 0}θΩ = ∈ θ ≤ , 0 n(t) {x R :θΩ = ∈  

g(x, t) 0}θ < . The aggregate homotopy equation was constructed as follows (see[1]): 

0

x x

0 0

(1 t)( f (x) y g(x, t)) t(x x )
H(x, y, t) 0

yg(x, t) ty g(x , )

 − ∇ + ∇ θ + −
= =  θ − θ 

,                       (3) 

where 0 0ˆx ∈Ω , 0y 0> , and 

( )( )jj q
g(x, t) t ln exp g (x) / t

∈
= ∑ ,                                              (4) 

is the aggregate function of g(x) , and 

( )
( )

x j jj q

j

j jj q

jj q

g(x, t) (x, t) g (x),

exp g (x) / t
(x, t) (0,1), (x, t) 1.

exp g (x) / t

∈

∈

∈

∇ = λ ∇

λ = ∈ λ =

∑

∑∑
                              (5) 

It can be proven that (3) determines a smooth curve starting from the initial point 
0 0 0 1ˆ(x , y ) R++∈Ω ×  and approaching to a point whose x -component is a KKT point of (1). We 

first give some necessary propositions. The proofs for Propositions 1-4 are similar to that in [1], and 

omitted here. 

Proposition 1   j(x, t)λ  in (3) satisfies that 

(i) j0 (x, t)< λ  and jj q
(x, t) 1

∈
λ =∑ ;                                              (6) 

(ii) j(x, t) 0λ →  as t 0→ +  and x x( x )→ <∞  for j J(x)∉ . 

Proposition 2    If Assumptions 1-2 hold, then 

(i) for any [0,1]θ∈ and t (0,1]∈ (t)θΩ ⊂ Ω ; 
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(ii) for any bounded closed subset 0N ⊂ Ω , there exists a (0,1]θ∈ such that 0N (1)θ⊂Ω . 

Proposition 3  If Assumptions 1-3 hold, then there exists a (0,1]θ∈  such that for any t (0,1]∈ , 

xg(x, t) 0∇ θ ≠  for any x (t)θ∈∂Ω , x < +∞ . 

Proposition 4    If Assumptions 1, 2, 4 hold, then for any bounded closed subset ˆN ⊂Ω , there 

exists a (0,1]θ∈  such that for any t (0,1]∈ , x (t)θ∈∂Ω  and x < ∞ , it has  

{ }j j j jj J(x ) j J(x )

ˆx g (x) : 0, 0
∈ ∈

+ ξ ∇ ξ ≥ ξ > Ω =∅∑ ∑ ∩ .                                 (7) 

Theorem 1    Suppose that Assumptions1-5 hold. Then for any 0ˆx∈Ω�  and its any 

neighborhood N(x)�  such that 0ˆN(x) ⊂ Ω� , there exists (0,1]θ∈ , for almost all 0x N(x)∈ �  and 
0y 0> , 0  is a regular value of the mapping H(x, y, t)  defined as (3) and the set 

{ }1 1H (0) (x, y, t) R (0,1]: H(x, y, t) 0−
++= ∈Ω× × =  

contains a smooth curve Γ , which starts from 0 0(x , y ,1)  and approaches to the hyperplane t 0= ,. 

Moreover, if (x*, y*,0)  is a limit point of on the hyperplane t 0= , then *x  is a KKT point of (1) 

Proof  From (i) of Proposition 1, we can easily see that, for any 0ˆx∈Ω� , there exists a bounded 

closed neighborhood N(x)�  of x�  such that 0ˆN(x) ⊂ Ω� . By Propositions 1-4, there exists a 

θ such that (i) 0N(x) (1)θ⊂ Ω� , (ii) for any x (t)θ∈∂Ω , x < ∞ ,  it has xg(x, t) 0∇ θ ≠  and (7) 

holds for N N(x)= � . Using the parameterized Sard theorem, similar to the proof of Lemma 3.1 in 

[3], we can prove that for almost all 0x N(x)∈ �  and 0y 0> , 0 is a regular value of H . By the 

implicit functional theorem, the inverse image theorem (see [7]) and the fact that 0 0H(x , y ,1) 0= , 

we know that 1H (0)−  contains a smooth curve Γ , which starts from 0 0(x , y ,1) . And it will return 

to 0 0(x , y ,1)  terminates in or approaches to the boundary of 1R [0,1]+Ω× ×  or goes to infinity. In 

fact, x -component of Γ  is bounded. If not, there exists sequence { }k k

k(x , y , t ) ⊂ Γ , i.e., 

k k k k 0 k k 0 0

k x x k k k k(1 t )( f (x ) y g(x , t )) t (x x ) 0, y g(x , t ) t y g(x , ) 0,− ∇ + ∇ θ + − = θ − θ =           (8) 

such that kx →∞ . Then from the first equation in (8) we obtain that for any given x∈Ω , 

k T k k k k T k 0k
k

k

t
(x x ) ( f (x ) y g(x , t )) (x x) (x x )

1 t
− ∇ + ∇ θ = − −

−
.                          (9) 

From (5), the left hand of (9) is equal to 

k T k k k k

j k jj q
(x x ) ( f (x ) y (x , t ) g (x ))

∈
− ∇ + λ θ ∇∑ ,                                   (10) 

where k k

j k j kj q
(x , t ) (0,1], (x , t ) 1

∈
λ θ ∈ λ θ =∑ . When kx →∞ , it has k T k 0(x x) (x x )− − → +∞ , 

and hence (10) is bigger than 0 as k →+∞ . Hence there exists a subsequence of { }kx  such that 

(10) has a nonnegative limit (finite or infinite) which contradicts Assumption 5. Hence 

x -component of Γ  is bounded. 
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Since  

0 0

0 0 0

x(x ,y ,1)

I 0H H
,

y g(x , ) g(x , )x y

  ∂ ∂
=    ∇ θ θ∂ ∂   

, 

is nonsingular, we know that 0 0(x , y )  is not a multiple solution of H(x, y,1) 0= . Therefore, Γ  

can not return to 0 0(x , y ,1) . Let (x, y, t )  be any extreme point of Γ  other than 0 0(x , y ,1) . Then 

similar to the proof of Theorem 2.9 in [1], we can prove that 1(x, y, t ) R {0}+∈Ω× ×  and y < +∞ , 

that is, Γ  must terminate in or approach to the hyperplane at t 0= . 

By the boundedness of x , y  for H(x, y, t) 0=  and t (0,1]∈  and j(x, t) (0,1]λ θ ∈ , where 

j(x, t)λ θ  is defined as (5), we know ( )1 qx, y, (x, t), , (x, t)λ θ λ θ� ( where H(x, y, t) 0= ), has at 

least one accumulation point as t 0→ + . Let ( )* * * *

1 qx , y , , ,λ λ�  be an accumulation point of 

( )1 qx, y, (x, t), , (x, t)λ θ λ θ�  and * * *

j jyξ = λ , by (3) we have 

* * * * *

j j

j q

f (x ) g (x ) 0, y g(x ) 0
∈

∇ + ξ ∇ = =∑ .                                          (11) 

From (ii) of Proposition 1, it has *

j(x ) 0λ =  for *j J(x )∉ , and hence 
*

* * *

j j

j J(x )

f (x ) g (x ) 0
∈

∇ + ξ ∇ =∑ , 

* *

j jg (x ) 0ξ =  for *j J(x )∉ . For *j J(x )∈ , from the second equation of (11), it also has 

* *

j jg (x ) 0ξ = . Thus * *

j jg (x ) 0ξ =  for any j q∈ . 

Summing up, ( )* * * *

1 qx , y , , ,λ λ�  is a solution of (2), which means that *x  is a KKT point 

of (1). 

Numerical Test 

In this section, we give some numerical results to trace the homotopy curve Γ  using the 

predictor-corrector algorithm (see [8] for detail). The example 1 is from [9] and example 2 is 

artificial. Both of their feasible sets are unbounded, and the first example satisfies assumptions 1--5, 

example 2 does not satisfy assumption 5 at least. Parameter 1θ =  for example 1 and 0.5θ =  for 

example 2. All the computations are done by running MATLAB 7.6.0 on a laptop with AMD 

Turion (tm) 64 2×  Mobile Technology TL-58 CPU 1.9 GHz and 896M memory. In the following 

table, *x  denotes the final approximate solution point, *f  is the value of the objective function at 
*x , *g  is the constraint value, iterN  is the corrector times, and time is the CPU time in seconds. 

Example 1    ([9], Problem 4) Let T 2

1 2x (x , x ) R= ∈ , 

3

1 2

1

2

1
min (x 1) x ,

3

s.t. 1 x 0,

x 0.

+ +

− ≤

− ≤

 

Example 2    Let T 50

1 2 50x (x , x , , x ) R= ∈� , 
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2

k

1 k n

3

j k j k

1 k n1 k n

min (x 1) / 50,

s.t. cos(s x ) s x 0, j 1, ,100,

≤ ≤

≤ ≤≤ ≤

−

+ ≤ =

∑

∑∏ �
 

where  js 0.5 ( 0.5)( j 1) / 99= + π− − . 

Table 1     The numerical results 

example *x  *f  *g  iterN  time 

1 (1.000000,0.000000) 2.666666 -2.033e-9 22 0.148 

2 (-0.287666, -0.287666,…, -0.287666) 1.658084 -7.565e-7 43 3.656 
0 Tx (3,1)= for example 1 and 0 Tx (1,1, ,1)= − � for example 2 
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Abstract:  In this paper, we mainly study the properties of solutions of backward stochastic 

differential equations (BSDEs) driven by a simple Lévy process, whose coefficient coeffcient is 

continuous with linear growth.  A comparison theorem for solutions of the equations are obtained,  we 

also show the equation has either one or uncountably many solutions. 

Introduction 

It is well-known that Pardoux and Peng [1] proves the existence and uniqueness of solutions of 

backward stochastic differential equations (BSDEs for short), when the coeffcient g satisfies 

Lipschitz condition. After that, the theory of BSDEs has been developed rapidly because of its 

connections with a wide of fields, such as PDE, mathematical finance and stochastic control problems 

and so on. Many papers have been published devoted to weaken the Lipschitz condition on the 

coeffcient g, Lepeltier and San Martin [2] have proved that there exists at least one solution, when the 

coeffcient is continuous with linear growth. More recently, under the similar condition restricted on 

the coeffcient g as [2], El Otmani [3] show the existence of solution of BSDE driven by a simple Lévy 

process (BSDESL in short) with continuous coeffcient. Comparison theorem of one-dimensional 

BSDEs is an important and powerful technique in the theory of BSDEs (see Peng [4] or El Karoui, 

Peng and Quenez M.C.[5]). El Otmani [3] establishes a comparison theorem BSDESLs where the 

coeffcients g satisfy Lipschitz condition. The main results in this paper is that, we generalize the 

comparison theorems for BSDESLs to the case where the coeffcients are only continuous with linear 

growth, we also show the BSDESL has either one or uncountably many solutions. 

Preliminaries 

Let ( , , ),F PΩ  be a complete probability space, T > 0 be a given real number, 0    ( )t t TL L ≤ ≤=  be a 

simple Lévy process defined by 
( )

1
,

n i

t t i ti
L t W Nµ σ α

=
= + +∑ �  

where tW   is a standard Brownian motion in R and ( )i

tN  is a family of independent Poisson processes 

with parameters ( )( )

1

n
i

i
λ

=
 such that the process 

( ) ( )
1

( ) ( ) ( ) ( )2

[0, ]
( )i i i i

t tt T
N N tλ λ

∈
= −  

is a martingale for all i. Note that ,µ σ and ( )( )

1

n
i

i
α

=
 are real constants. Let 0

0( )t tF ≥  denote the natural 

filtration generated by 0 ( )t tL ≥ . Let 0( )t tF ≥ be the completed filtration of 0

0( )t tF ≥  with the P-null sets 

of F,  then it satisfies the usual hypothesis. 

For any positive integer n, if nz R∈ , let z  denote its Euclidean norm, for ( )( )

1

n
i

i
u u

=
=  and 

( )( )

1
,

n
i n

i
v v R

=
= ∈  we denote u v≥  if ( ) ( ),u i v i≥  for all 1, , .i n= �  We define the following usual 

spaces: 
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Let 2 ( )tL F  denote the space of tF -measurable random variable ξ  such that 

2 2
;Eξ ξ= < ∞  

Let 2 ( )S R  denote the space of right continuous with left limit predictable process ψ  such that 

2

2 2

0sup ;t TS
Eψ ψ≤ ≤
 = < ∞   

Let ( )2 nH R denote the space of predictable process ψ  such that 

2

2 2

0
.

T

H
E dtψ ψ = < ∞  ∫  

Let us consider a function : [0, ] ,ng T R R R RΩ× × × × →  such that ( )( )
0

, , ,
t T

g t y z u
≤ ≤

 is 

progressively measurable for each ( ), , ,ny z u R R R∈ × ×  For the function g, in this paper, we will use 

the following assumptions: 

(A1). There exists a constant 0,K >  such that . .,dP dt a s× − ( ), , ,ni i iy z u R R R∀ ∈ × × 1,2,i =   

( ) ( ) ( )1 1 1 2 2 1 1 2 1 2 1 2, , , , , , .g t y z u g t y z u k y y z z u u− ≤ − + − + −  

(A2). The process ( )( ) [ ] ( )2

0,
,0,0,0 .

t T
g t H R

∈
∈  

(A3). There exists a constant 0,K >  such that . .,dP dt a s× − ( ), , ,ny z u R R R∀ ∈ × × 1,2,i =   

( ) ( ), , , 1 .g t y z u k y z u≤ + + +  

(A4). . ., [0, ], ( , , , )P a s t T g t y z u− ∀ ∈ is continuous in ( , , )y z u . 

(A5).  If u v≥  then . ., [0, ], ( , , , ) ( , , , ).P a s t T g t y z u g t y z v− ∀ ∈ ≥  

From Lepeltier, San Martin [2] or Liu, Ren [6], we can get the following lemma 2.1. 

 

Lemma 2.1  Let g satisfies the assumptions (A3) and (A4), for ,n K∀ ≥  we consider the sequence 

( )1n n K
g

≥
and ( )2n n K

g
≥
defined by 

{ }1

( , , )
( , , ) inf ( , , ) ,

dn
y z u Q Q Q

g y z u g y z u n y y n z z n u u
′ ′ ′ ∈ × ×

′ ′ ′ ′ ′ ′= + − + − + −  

{ }2

( , , )
( , , ) inf ( , , ) .

dn
y z u Q Q Q

g y z u g y z u n y y n z z n u u
′ ′ ′ ∈ × ×

′ ′ ′ ′ ′ ′= − − + − + − + −  

respectively, then we have 

(i) ( ) ( ), , , 1 , 1,2;i

ng t y z u K y z u i≤ + + + =  

(ii) ( ) ( )1 2, , , , , , , ,n ng t y z u g t y z u↗ ↘  as ;n→∞  

(iii) ( ) ( ) ( )1 1 1 2 2 1 1 2 1 2 1 2, , , , , , , 1,2;i i

n ng t y z u g t y z u K y y z z u u i− ≤ − + − + − =  

(iv)  If ( , , ) ( , , )n

n n ny z u y z u→∞→ , then ( , , ) ( , , ), 1, 2.ni

n n n ng y z u g y z u i→∞→ =  

Main results 

We consider the following BSDESL: 

                       ( ) [ ]( ) ( )

1
, , , , 0, ,

T T Tn i i

t s s s s s s sit t t
y g s y z u ds z dW u dN t Tξ

=
= + − − ∀ ∈∑∫ ∫ ∫ �                (1) 

where g and ( , , )g Tξ  are called coeffcient and standard parameters, respectively. For convenient, we 

denote (1) by BSDESL( , , ).g Tξ  When coeffcient g satisfies the assumptions (A1) and (A2), for any 

( )2 ,TL Fξ ∈  El Otmani [3, Theorem 3.1] showed that BSDESL ( , , )g Tξ  has a unique solution 

( ), ,y z u  belonging to 2 2 1( ) ( ).nS R H R +×  
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Remark 1.  Under (A3) (A4) and (A5), El Otmani [3, Theorem 4.1] shows BSDESL ( , , )g Tξ  has a 

minimal solution ( ), ,y z u  in the sense that for any solution ( ), ,y z u of BSDESL ( , , ),g Tξ  we have 

,y y≤  for all [ ]0,t T∈ , since the solution is obtained through approximating the coeffcient g by the 

sequence ( )1n n K
g

≥
 constructed in lemma 2.1 from below. 

In fact, if we approximate the coeffcient g by the sequence ( )2n n K
g

≥
 constructed in lemma 2.1 

from above, by the similar method, we can show that BSDESL( , , )g Tξ  have a maximal solution 

( ), ,y z u  in the sense that for any solution ( ), ,y z u  of BSDESL ( , , )g Tξ , we have ,y y≤  for all 

[ ]0, .t T∈  

We now establish a comparison theorem for the BSDESLs with continuous coeffcient. 

Theorem 3.1  Suppose that ( )2

i TL Fξ ∈  and ig  satisfies the assumptions (A3)-(A5), let ( ), ,i i i

t t ty z u  

and ( ), ,i i i

t t ty z u  be the minimal and maximal solution of the BSDESL ( , , ), 1, 2.i ig T iξ =  If 

1 2 1 2, ,g gξ ξ≤ ≤  then for all [ ]0,t T∈ , we have 

1 2 1 2, , . .t t t ty y y y a s≤ ≤  

 

Proof.   For all [ ]0,t T∈ , let 1 ( , , , )ng t y z u  be the sequence constructed in Lemma 2.1. By lemma 

2.1 and El Otmani [3, Theorem 3.1], we know that the following BSDESLs have a unique adapted 

solution ( )1, 1, 1,, ,n n n

t t ty z u  

( ) [ ]1, 1, 1, 1, 1, 1, ,( ) ( )

1
, , , , 0, ,

T T Tnn n n n n n i i

t s s s s s s sit t t
y g s y z u ds z dW u dN t Tξ

=
= + − − ∀ ∈∑∫ ∫ ∫ �  

By lemma 2.1 again, we have 1

1 2 ,ng g g≤ ≤ then using El Otmani [3, Theorem 3.2], we have 

1, 1n

t ty y≤ and 1, 2.n

t ty y≤  Since 1, 1,n

t ty y→ as ,n→∞ , we have 1 2 ,t ty y≤  then 1 2 , . .t ty y a s≤  

For all [ ]0,t T∈ , let 2 ( , , , )ng t y z u  be the sequence c onstructed in Lemma 2.1. By lemma 2.1 and 

El Otmani [3, Theorem 3.1],  the following BSDESLs have a unique adapted solution ( )2, 2, 2,, ,n n n

t t ty z u  

( ) [ ]2, 2, 2, 2, 2, 2, ,( ) ( )

1
, , , , 0, ,

T T Tnn n n n n n i i

t s s s s s s sit t t
y g s y z u ds z dW u dN t Tξ

=
= + − − ∀ ∈∑∫ ∫ ∫ �  

By lemma 2.1 again, we have 2

1 2 ,ng g g≤ ≤ then using El Otmani [3, Theorem 3.2], we have 
2 2,n

t ty y≤ and 1 2, .nt ty y≤  Since 2, 2 ,n

t ty y→ as ,n→∞  we have 1 2 ,t ty y≤  then 1 2 , . .t ty y a s≤  The proof 

is completed. 

 

Corllary 3.2 Under the condition of Theorem 3.1, we have the following two statements: 

(i)  If BSDESL 1 1( , , )g Tξ have a unique solution ( )1 1 1, , ,t t ty z u  then for any solution ( )2 2 2, ,t t ty z u of 

BSDESL 2 2( , , ),g Tξ  we have for all [ ]0, ,t T∈  1 2 , . .t ty y a s≤   

(ii) If BSDESL 2 2( , , ),g Tξ have a unique solution ( )2 2 2, ,t t ty z u  then for any solution ( )1 1 1, ,t t ty z u of 

BSDESL 1 1( , , ),g Tξ  we have for all [ ]0, ,t T∈  1 2 , . .t ty y a s≤  

Theorem 3.3  Suppose that ( )2 ,TL Fξ ∈  and g satisfies the assumptions (A3)-(A5). Let ( ), ,t t ty z u  

and ( ), ,t t ty z u be the minimal and maximal solution of the BSDESL( , , )g Tξ  respectively. For all 

[ ]0 0, ,t T∈  and ( )
0

2 ,tL Fη∈  if , . .,t ty y a sη≤ ≤  then there exist at least a solution ( ), ,t t ty z u of 

BSDESL( , , )g Tξ  such that 
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0
, . .ty a sη=  

Proof.   We prove the theorem using the method from Jia and Peng [7].  Let ( ), ,t t ty z u′ ′ ′ be a 

solution of the following BSDESL ( , , )g Tη  

( ) [ ]0 0 0 ( ) ( )

01
, , , , 0, ,

t t tn i i

t s s s s s s sit t t
y g s y z u ds z dW u dN t tη

=
′ ′ ′ ′ ′ ′= + − − ∀ ∈∑∫ ∫ ∫ �  

 

For any fixed 2 1( , ) ( )nz u H R +∈�� , we consider the following SDE : 

( )
0 0 0

( ) ( )

1
, , , .

t t tn i i

t s s s s s s sit t t
y g s y z u ds z dW u dNη

=
= − + +∑∫ ∫ ∫
� � � �� � �  

By the proof of El Otmani [3, Theorem 3.1] and Tang [8, Theorem 2.1], the SDE has a unique 

solution .ty
�
  Then we define the following stopping time 

0inf{ ; , } ,t t t tt t y y y y Tτ = ≥ ≥ ≤ ∧
� �

 

For all [ ]0 0, ,t T∈  we set 

0 0[0, ) [ , ) [ , ] { } [ , ] { }1 1 1 1 1 1 ;
t tt t t t t T t y y T t y yy y y y y

τ ττ τ τ> =′= + + +
�

 

0 0[0, ) [ , ) [ , ] { } [ , ] { }1 1 1 1 1 1 ;
t tt t t t t T t y y T t y yz z z z z

τ ττ τ τ> =′= + + +�
 

0 0[0, ) [ , ) [ , ] { } [ , ] { }1 1 1 1 1 1 ;
t tt t t t t T t y y T t y yu u u u u

τ ττ τ τ> =′= + + +
�

 

 

 

Then we can check that ( ), ,t t ty z u  is a solution of BSDESL( , , )g Tξ  such that
0

, . .ty a sη=  The proof 

is completed. 

By the proof method of Theorem 3.2, we can get the following Corllary 3.4. 

 

Corllary 3.4    Suppose that ( )2 ,TL Fξ ∈ and g satisfies the assumptions (A3)-(A5). Let ( ), ,t t ty z u  

and ( ), ,t t ty z u  be the minimal and maximal solution of the BSDESL( , , )g Tξ  respectively. For 

[ ] 2 1

1 2 1 2, 0, , , ( , ) ( ),nt t T t t z u H R +′ ′∈ < ∈  if tx  is a process such that 

( ) [ ]2 2 2

2

( ) ( )

1 21
, , , , , ,

t t tn i i

t t s s s s s s sit t t
x x g s x z u ds z dW u dN t t t

=
′ ′ ′ ′= + − − ∈∑∫ ∫ ∫ �  

and 

[ ]1 2, . ., , ,t t ty x y a s t t t≤ ≤ ∈  

then there exist at least a solution ( ), ,t t ty z u  is a solution of BSDESL( , , ),g Tξ  such that 

[ ]1 2, . ., , .t ty x a s t t t= ∈  

 

Remark 2.  Under the condition of theorem 3.1, if the solution of BSDESL 1 1( , , )g Tξ and 

BSDESL 2 2( , , )g Tξ  are both not unique, then by theorem 3.3, a comparison theorem for all solutions 

of BSDESL 1 1( , , )g Tξ  and BSDESL 2 2( , , )g Tξ  like Corllary 3.2 may be not true. 

Remark 3.  Motivated by Jia and Peng [7, Remark 2], we also get if ( )2 ,TL Fξ ∈  and g satisfies the 

assumptions (A3)-(A5), then BSDESL( , , )g Tξ  has either one or uncountable many solutions, whose 

cardinality is at least continuum since we can take 
0 0

(1 )t tay a yη = + − for any [0,1],a∈  from 

theorem 3.2. 
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Abstract:  In this paper, we study the infinite time interval backward stochastic differential equations 

(BSDEs) driven by a Lévy process. A existence and uniqueness theorem for solution of the BSDEs is 

established, which can be considered a generalization of existence and uniqueness theorem of BSDEs. 

A continuous dependence theorem for solutions of the BSDEs is also given. 

Introduction 

It is well-known that Pardoux and Peng [1] proves the existence and uniqueness of solutions of 

backward stochastic differential equations (BSDEs for short), when the coeffcient g satisfies 

Lipschitz condition. After that, the theory of BSDEs has been developed rapidly because of its 

connections with a wide of fields, such as PDE, mathematical finance and stochastic control problems 

and so on. Chen and Wang [2] generalized the result of Pardoux and Peng (1990), firstly give a 

condition on coeffcient of infinite time interval BSDEs under which the infinite time interval BSDEs 

have a unique solution. Nualart and Schoutens [3] generalized the result of Pardoux and Peng [1], 

established the existence and uniqueness of solutions for BSDEs with Lipschitz coeffcients driven by 

Lévy process of the kind considered in Nualart and Schoutens[4]. After that, this kind of BSDE is 

study many papers such as [5] and [6] and so on. Motivated by Chen and Wang [2] and Nualart, 

Schoutens [3], in this paper, we consider infinite time interval BSDEs driven by a Lévy process 

introduced by Nualart and Schoutens [4], a existence and uniqueness theorem and a continuous 

dependence theorem for solution of this kind of BSDEs are established. 

Preliminaries 

Let  0( )t tX ≥  be a Levy process defined on a complete probability space ( , , ),F PΩ  corresponding to a 

standard Levy measure υ  such that 2(1 ) ( )  
R

y dyυ∧ < ∞∫  and 
(- , )

( )  
y

e dy
λ

ε ε
υ < ∞∫ for every 0ε >  

and for some 0.λ >  Let 0

0( )t tF ≥  denote the natural filtration generated by 0( )t tX ≥ . Let 0( )t tF ≥ be the 

completed filtration of 0

0( )t tF ≥  with the P-null sets of F and 0 ( ).t tF F F∞ ≥= = ∨  

Let 2 ( )tL F  denote the space of tF -measurable random variable ξ  such that 
2 2

;Eξ ξ= < ∞  

Let 2 ( )S R  denote the space of right continuous with left limit predictable process ψ  such that 

2

2 2

0sup ;tS
Eψ ψ≤ ≤∞

 = < ∞   

Let 2l denote the space of real valued sequences 1( )i ix ≥  such that 1 ii
x

∞

=
< ∞∑ , 2 2( )H l  denote 

the space of 2l − valued predictable process ψ such that 

2

22 ( )

10
.i

tH i
E dtψ ψ

∞ ∞

=

 = < ∞  ∑∫  
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We denote by ( )

1( )i iY ≥ the Teugels martingales associated to the Lévy process 1( )i ix ≥ . An 

orthonormalization procedure applied to the martingales ( )

1( )i iY ≥  can obtain a set of pairwise strongly 

orthonormal martingales ( )

1( )i iH ≥  such that each 
( )iY is a linear combination of the ( ) , 1, , ,jY j i= �  

we refer to Nualart and Schoutens [3,4] for details. 

From Nualart and Schoutens [4,Theorem 2], we get the following Predictable Representation 

Property: 

Lemma 2.1  Every square integrable random variable ( )2F L F∈  has a representation of 

the form 

( ) ( )

1 0
[ ] .i i

t ti
F E F dHψ

∞∞

=
= +∑ ∫  

Define a function 2: [0, ] ,g T R l RΩ× × × →  such that ( )( )
0

, ,
t T

g t y z
≤ ≤

is progressively 

measurable for each ( ) 2, ,y z R l∈ × . For the function g, in this paper, we will use the following 

assumptions: 

(A1). There exist two positive non-random functions u(t) and v(t) such that 

. .,dP dt a s× − ( ), ,ni iy z R R∀ ∈ × 1,2,i =  

( ) ( )1 1 2 2 1 2 1 2, , , ,  ( ) ( ) .g t y z g t y z u t y y v t z z− ≤ − + −  

where u(t) and v(t) satisfying 
0
 ( )v t dt

∞
< ∞∫ and 2

0
 ( ) .u t dt

∞
< ∞∫  

(A2). The process ( )
2

0
( ,0,0) .E g t dt

∞
< +∞∫  

In the paper, we will consider the following infnite time interval BSDE: 

                                 ( ) [ ]( ) ( )

1
, , , 0, ,i i

t s s s sit t
y g s y z ds z dH tξ

∞ ∞∞

− =
= + − ∀ ∈ ∞∑∫ ∫                                     (1) 

Defnition 2.1  A solution of BSDE(1) is a pair ( ),y z  belonging to 2 2 2( ) ( )S R H l×  and satisfying (1).  

Main results 

 In this section, we will present existence and uniqueness of solution of BSDE(1). 

Theorem 3.1  Suppose that ( )2L Fξ ∈  and g satisfies the assumptions (A1) and (A2), then BSDE(1) 

has a unique solution. 

Proof.   Given  2 2 2( ,  ) ( ) ( )U V S R H l∈ × , we set 

                                          ( ) [ ]  [  , ,  ], 0, ,t s s t
t

y E g s U V ds F tξ
∞

−= + ∈ ∞∫                                         (2) 

then by Doob's inequality, the assumptions (A1) and (A2), we have 

( )

( )

( ) ( ) ( )
( ) ( )2 2

2
2

0 0
0

2

0

2 2 2
2

0 0 0

2 2
2 2 2

0 0

sup sup  , ,  

 , ,

 ( ,0,0)  ( )  ( )

 ( ,0,0)  ( )  ( )

t t t s s t

s s

s s

s sS H

E y E E g s U V ds F

CE g s U V ds

CE g s ds u s U ds v s V ds

C E E g s ds U u s ds V v s

ξ

ξ

ξ

ξ

∞

≤ ≤∞ ≤ ≤∞ −

∞

−

∞ ∞ ∞

−

∞ ∞

−

     ≤ +        

 ≤ +  

 
≤ + + + 

 

≤ + + +

∫

∫

∫ ∫ ∫

∫ ∫ ( )2

0

.

ds
∞ 

 
 

< ∞

∫

 

Applying Lemma 2.1 to 

294 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

( )
0

 , ,  ,s sg s U V dsξ
∞

−+ ∫  

we get that there exists a process 2 2( )z H l∈ such that 

                    ( ) ( ) ( ) ( )

10 0 0
 , ,  [  , ,  ] ,i i

s s s s s si
g s U V ds E g s U V ds z dHξ ξ

∞ ∞ ∞∞

− − =
+ = + +∑∫ ∫ ∫                (3) 

from (2) and (3) above, we can deduce that 

( ) [ ]( ) ( )

1
, , , 0, ,i i

t s s s sit t
y g s U V ds z dH tξ

∞ ∞∞

− =
= + − ∀ ∈ ∞∑∫ ∫  

Then we can define a mapping φ  from 2 2 2( ) ( )S R H l×  into itself, that is, 

( ,  ) : ( , ),y z U Vφ=  

where y and z is defined as (2) and (3), respectively. Then we only need show φ  is a contractive 
mapping. 

We define a norm 2 2S H×
⋅  of 2 2 2( ) ( )S R H l×  as follows: 

2 2

222 ( )

0 10
( ,  ) sup .i

t t tS H i
y z E dtψ ψ

∞ ∞

≤ ≤∞× =

 = +  ∑∫  

Let                          

( ,  ) : ( , ), 1, 2.i i i iy z U V iφ= =  

We set 1 2ˆ ,η η η= −  for any process , 1,2,i iη =  then by Doob's inequality, 

( ) ( )

( ) ( )

2
2 1 1 2 2

0 0
0

2
1 1 2 2

0

ˆsup sup , , , ,

4 , , , , ,

t t t s s s s t

s s s s

E y E E g s U V g s U V ds F

E g s U V g s U V ds

∞

≤ ≤∞ ≤ ≤∞ − −

∞

− −

     ≤ −        

 ≤ −  

∫

∫
              (4) 

Since 

( ) ( )( )1 1 2 2 ( ) ( )

1

2
( ) ( ) ( ) ( )

1 1

( ) ( )

,

ˆ ˆ, , , , ,

ˆ ˆ ˆ ˆ ˆ[ , ] [ , ] ,

, .

i i

t s s s s s si t

i j i j

s s s s si i s

i j

t i j

dy g s U V g s U V ds z dH

d y y z ds z z d H H

H H tδ

∞∞

− − =

∞ ∞

= =

− = − −

= +

< > =

∑ ∫
∑ ∑  

Applying Ito formula to 
2

ˆ
ty  for [ ],s t∈ ∞ , we have 

( )

( ) ( )( )

22 ( )

1

1 1 2 2 ( ) ( )

1 0

( ) ( ) ( ) ( ) ( ) ( )

1 1

ˆ ˆ

ˆ ˆ ˆ2 , , , , 2

ˆ ˆ ([ , ] , ).

i

t sit

i i

s s s s s s s sit t

n n i j i j i j

s s si i t s

y z ds

y g s U V g s U V ds y z dH

z z d H H H H

∞ ∞

=

∞ ∞ ∞∞

− − − −=

∞

= =

+

= − −

− − < >

∑∫
∑∫ ∫ ∫

∑ ∑ ∫

 

Taking expectation in both sides and using the fact that 

[ ]( ) ( ) ( ) ( )([ , ] , ) , 0,i j i j

sH H H H s− < > ∈ ∞  

is a martingale and (4), we can deduce 

                                  

( )

( ) ( )( )
( ) ( )( )

( ) ( )( )

22 ( )

1

1 1 2 2

2
2 1 1 2 2

0

2
1 1 2 2

ˆ ˆ

ˆ2 , , , ,

sup , , , ,

5 , , , , .

i

t sit

s s s s s
t

t t s s s s
t

s s s s
t

E y E z ds

E y g s U V g s U V ds

E y E g s U V g s U V ds

E g s U V g s U V ds

∞ ∞

=

∞

− − −

∞

≤ ≤∞ − −

∞

− −

+

= −

  ≤ + −    

 ≤ −  

∑∫

∫

∫

∫

                    (5) 

Indeed, we have 
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( ) ( )( )

( ) ( )
( )

2 2

2 2

2
1 1 2 2

2
2 2 2

0 0

2 2
2

0 0

, , , ,

 ( )  ( )

ˆ ˆ2  ( )  ( ) ( ,  )

s s s s
t

s sS H

S H

E g s U V g s U V ds

U u s ds V v s ds

u s ds v s ds U V

∞

− −

∞ ∞

−

∞ ∞

×

 −  

≤ +

 
≤ + 

 

∫

∫ ∫

∫ ∫

                            (6) 

Then from (4), (5) and (6), we can deduce that 

( )2 2
2 2

2 22 2

0 0

ˆ ˆˆ ˆ( , ) 18  ( )  ( ) ( , ) .
S H S H

y z u s ds v s ds U V
∞ ∞

× ×

 
≤ + 

 
∫ ∫  

Case 1:    If ( )
2

2

0 0
 ( )  ( ) 18,u s ds v s ds

∞ ∞ 
+ < 

 
∫ ∫  then φ  is a contraction mapping,  we can 

complete the proof. 

Case 2:    If ( )
2

2

0 0
 ( )  ( ) 18,u s ds v s ds

∞ ∞ 
+ ≥ 

 
∫ ∫  we can find T > 0 large enough, such that 

( )
2

2 ( )  ( ) 18.
T T
u s ds v s ds

∞ ∞ 
+ < 

 
∫ ∫  

Set  

[ ; ]( , , )  1 ( ) ( , , ),t t T t tg t y z t g t y z∞=   

then g  satisfies the assumptions (A1) and (A2), by Case 1, we know that 

( ) [ ]( ) ( )

1
, , , 0, ,i i

t s s s sit t
y g s y z ds z dH tξ

∞ ∞∞

− =
= + − ∀ ∈ ∞∑∫ ∫  

has a unique solution ( ),y z  Then we consider the following BSDE: 

                              ( ) [ ]( ) ( )

1
, , , 0, ,

T
i i

t T s s s sit t
y y g s y z ds z dH t T

∞∞

− =
= + − ∀ ∈∑∫ ∫� � � �                      (7) 

by Nualart and Schoutens [3,Theorem 1], we know that BSDE(7) has a unique solution ( ), .y z� �  We set 

( ) ( ), 0,0 ,y z =� �  ( ], ,t T∀ ∈ ∞  

Let 

, ,y y y z z z= + = +� �  

then it is easy to check that ( ),y z is a unique solution of BSDE(1). The proof is completed. 

We now give a continuous dependence result for solution of BSDE(1). we can complete its 

proof by the method of Chen and Wang [2, Theorem 1.3], we omit it here. 

Theorem 3.2  Suppose that ( )2i L Fξ ∈  and g satisfies the assumptions (A1)-(A2), let ( ),i i

t ty z  

be the solution of the BSDE(1) with data ,  1,2,i iξ =  then 

2 2 2
1 2 1,( ) 2,( ) 1 2

0 1
sup ,i i

t t t s sit
E y y E z z ds CE ξ ξ

∞ ∞

≤ ≤∞ =
    − + − ≤ −        ∑∫  

where C is a constant. 
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Abstract. In view of the facts that the road network is damaged after disaster, this study made an 

intensive study of how to make the road repair scheduling in a short time. Based on the actual 

situation of disaster, and the emergency repairs at the time of uncertainty, established a fuzzy 

multi-objective mathematical model for road rush-repair scheduling. This model based on VRP, 

containing time window, take the sum time of the repair work, the time of the work group in transit 

and the risk of the rush-repair. In the model solution, combined the simulation with optimization 

methods, take eM-plant as a platform, design a genetic algorithm method which is more suitable in 

solving scheduling model of the transport emergency supplies, Through a numerical example of 

empirical analysis, proves the validity of models and algorithms, provided a scientific foundation 

for the government to make reasonable rush-repair scheduling when the disasters occur. 

Introduction 

China is a natural disaster-prone country, disasters not only cause the direct injury of people and 

property loss, but also cause great damage to the road network so that traffic can’t maintain smooth 

flow in the affected areas. The outside world has not been able to rescue the victims and the victims 

can not flee to a safe shelter, which cause irreparable secondary loss of life and property. Therefore, 

whether the network transport system is smooth has a decisive impact in large-scale natural disaster 

relief after the evacuation, so how the decision-making units take the environment and the efficiency 

into account, formulate the repair work, including rush-repair work and rescue scheduling order as 

soon as possible has become a important study of China's disaster relief. 

The basic question of the road repair is: how to find out the repair scheduling with the 

maximum benefit within a short time, and under limited resources. Relevant scholars do their 

research: Fiedrich et al. had developed a decision support system with the best allocation of 

resources for search and rescue of post-earthquake[1]. Liao built double planning model road repairs 

and emergency logistics distribution, the upper layer focused on the  problem of the emergency 

rehabilitation of engineering units road network, the lower problem is revised Hsueh et al. 

emergency logistics problem[2,3]. It can be seen that most domestic and international scholars regard 

the repair problem of road network as a combinatorial optimization problem, mostly use travel time, 

traffic and other information to performance the assessment goal of the scheduling procedure for 

post-disaster road network rehabilitation, and repair time as a specific value. However, there are 

many uncertainty elements in road repairs, uncertainty of repair time, strong dynamic, large scale of 

the problem and other issues, meanwhile there are some difficulties for the previous studies in 

solving the problem. 

In view of the facts that the road network is damaged after disaster, and the emergency repairs 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.298

WWW.BEHSAZPOLRAZAN.COM



 

at the time of uncertainty, established a fuzzy multi-objective mathematical model for road 

rush-repair scheduling. This model based on VRP[4], containing time window, take the sum time of 

the repair work, the time of the work group in transit and the risk of the rush-repair. In the model 

solution, combined the simulation with optimization methods, take eM-plant as a platform, design a 

genetic algorithm method which is more suitable in solving scheduling model of the transport 

emergency supplies, the genetic algorithm solves the model by using simtalk language programming, 

it provides a scientific basis for government departments when carrying out repairs scheduling 

reasonably in the disaster[5]. 

Construction of Road Repair and Disaster Relief Model 

Problem description. Assumptions of this study are as follows: 

1) Information of the disaster area has been fully collected, to make repair decision under 

consideration in the overall. 

2) Emergency response units should know saving energy of engineering units, and no producing 

wrong dispatch and energy shortage. 

3) Bridge is also a part of road, regard bridge that is damaged as a disaster point, so for the 

bridge problem, this research regard it as a high urgency of disaster point. 

4) The principle with disaster points identified is that vehicles are completely blocked and 

impassable, therefore, that vehicles can’t pass is regarded as a disaster point. And the identification 

with repair completed, under the consideration of emergency, is that it can meet single lane access 

for a small vehicle through repairs. 

5) Assumption that the road network in the model is a complete road network with section line 

connected. 

6) In the case of an emergency repair, the road network is no directivity. 

7) Each disaster point must be exactly serviced by one team. 

8) Assumption that the travel time between various sections of the road network is a set of 

known values, with no impact of traffic flow changes. 

9) Repair time of the disaster point obeys normal distribution, the relevant parameters of normal 

distribution have been collected in advance. 

Construction of post-disaster road repair model. Before construction of mode, first make a note 

about symbol as follows: 

D: expressed as task force set; 

S : expressed as disaster point set; 

Oij: restriction of pre-conditions about the disaster point i=1…m+n, j=m+1…m+n; 

         1, point i supports point j; 

xij :xij=   

         0, point i doesn't support point j. 

Tij: records cumulative time when point i supports point j, i=1…m+n, j=m+1…m+n; 

Tj: records the time when point j is supported, j=m+1…m+n; 

m: that there are m task forces, m=1…m; 

n: that there are n disaster points, n=m+1…m+n; 

dij: expressed as time distance from point i to point j, i=1…m+n, j=m+1…m+n; 

Ci : the repair energy of all the task forces, i=1…m; 

Dj: the repair time of disaster point j required, j=m+1…m+n; 

Pj: the urgency of the disaster point j, j=m+1…m+n;  
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Rj: the risk value of repair assessment about disaster point j, j=m+1…m+n; 

Ki: the number of task forces from project station, i=1…m;  

Timej: the latest time when disaster point j should be repaired, j=m+1…m+n; 

According to the definition of the problem and assumptions, construct the relief model of road 

repair are as follows: 
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    Explain the above mathematical model as follows: 

Formula (1): the total time cost is that the travel time of the team to the disaster point plus the 

repair estimated time of all disaster points, seek its minimum. 

Formula (2): the supported time of all disaster points Tj multiply weight of emergency about 

disaster point Pj, seek its minimum.   

Formula (3): risk value of assessment of all disaster points multiply the travel time distance of 

each teams, seek the minimum of its objectives. 

Formula (4): restriction the number of support groups from the workstation to the disaster point 

as Kk. 

Formula (5): any disaster point is just assigned once. 

Formula (6): the time Tij from the workstation i to the disaster point j is equal to the distance dij 

multiplied by xij.  

Formula (7): the time from point j to the next point is equal to that the time of reaching point j 

plus the needed time of point j and the distance dij from point j to the next point k multiplied by xij.  

Formula (8): the time of reaching point j is equal to the sum of time when all of its nodes i 

arrive at point j. 
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Formula (9): the time of arriving point j must be less than the latest time when point j is 

supported  

Formula (10): restriction of pre-conditions, that's to say, before some disaster point is assigned, 

its pre-disaster point should be completed. 

Formula (11): the sum of repair energy of all the task forces is greater than repair time of all 

disaster points. 

Formula (12): the repair time of the disaster point obeys normal distribution. 

Formula (13): xij=1, expressed that the path between point i and point j is selected; xij=0, 

opposite. 

Genetic Algorithm for Road Repair Scheduling Based on eM-plant 

With the expansion of the scale of road repair issues, the traditional accuracy solution and some 

heuristic algorithms can’t solve effectively, in this study, the simulation platform based on eM-plant, 

realize improved genetic algorithm to achieve the purpose of the model solution. The solution steps 

of model of road repair by genetic algorithm[6] as follows: 

1) In the initial population generation, this study randomly generated the entire group solutions, 

however, some nodes have priority limit, then assess their priorities and restrictions of time window, 

produce a better initial solution through such cycle[7]. 

2) However, this study is to consider the adjustment of multiple objective functions, Therefore, 

the value of maximum of satisfaction among the various groups that is solved by fuzzy 

multi-objective approach. 

3) Operations of genetic algorithms mainly have selection, crossover and mutation, in the 

operation of selection, this paper used the roulette selection method. In the operation of crossover, 

use the way of chromosome system within groups to exchange in the way of the whole bit, produce a 

new offspring by the exchange and combination between the parent and the mother, using two 

groups to exchange information to find a better solution. In the operation of mutation, in the 

beginning of the study, set the mutation rate of 1%, and then decreased by 0.1% in each generation to 

avoid falling into local optimal solution in search process. 

4) According to the specific circumstances, termination condition of algorithm is set as follows: 

the iterative algorithm attains 200 generations, average fitness of some generation chromosome 

achieve 0.98 times of the best chromosome fitness of this generation. Parameter range: the group size 

is 20~40, the crossover rate is 0.7~0.9, the mutation rate is 0.05~0.1. 

In specific implementations of the algorithm, use object-oriented simulation software eM-plant 

as a platform, and use genetic algorithm that is achieved by programming language simtalk to solve 

the model. Specific parameters of genetic algorithm are set as follows: the crossover rate is 0.8, the 

mutation rate is 0.1, implementation algebra is 200, groups are 20, the way of crossover chooses the 

roulette method.  

Analysis of the Example 

This section will use an example to analyze effectiveness of model and algorithm that is previously 

proposed. Case mainly as follows: there are 25 disaster points within the disaster area, there are four 

engineering repair teams to be sent emergency repairs, each task force can repair four disaster points, 

and that's a complete road network between each disaster points, in addition, it has the limits of 

priority between a part of disaster points. 

System input data, including the time distance between disaster points, repair time limit of 
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disaster points, repair time of disaster points, emergency degree about repair of disaster points, repair 

risk of disaster points and repair restrictions of disaster points. Among, constraints for the disaster 

point is disaster point: to repair the disaster point 41, the disaster point 13 must be first repaired; 

repair time obeys normal distribution, in this study set Dj ~ N(0,2), repair time of the disaster point 

and other parameters are specifically set in the table below as follows: 

TABLE Ⅰ.   REPAIR TIME TABLE OF DISASTER POINTS  

Disaster Point No. 1 2 3 4 5 

0~ 10 9 12 2 6 

1~ 3 11 6 6 10 

2~ 5 8 5 6 10 

3~ 11 7 8 5 11 

4~ 10 2 9 8 2 

TABLE Ⅱ.   REPAIR TIME LIMIT TABLE OF DISASTER POINTS 

Disaster Point No. 1 2 3 4 5 

0~ 100 100 100 100 20 

1~ 30 30 30 30 30 

2~ 40 40 40 40 40 

3~ 50 50 50 50 50 

4~ 60 60 60 60 60 

TABLE Ⅲ.   REPAIR EMERGENCY DEGREE TABLE OF DISASTER POINTS  

Disaster Point No. 1 2 3 4 5 

0~ 1 3 2 2 5 

1~ 5 7 6 7 4 

2~ 6 7 8 6 5 

3~ 3 5 7 8 7 

4~ 6 5 9 7 8 

TABLE Ⅳ.   THE VALUE OF REPAIR RISK ASSESSMENT TABLE ABOUT DISASTER POINTS 

Disaster Point No. 1 2 3 4 5 

0~ 5 2 5 5 3 

1~ 5 3 3 2 3 

2~ 5 5 4 2 3 

3~ 2 1 3 2 1 

4~ 2 3 1 3 4 

The optimization information of road repair schedule of model is shown as follows in Table 6, 

take the third team for example, analyzing the results solved. As can be seen from the table, the 

repair order of the third team is 14-45-13-41. 
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TABLE Ⅴ.   THE RESULT TABLE OF ROAD REPAIR SCHEDULE  

 First Team Second Team 

1 2 3 4 1 2 3 4 

Disaster Point No. 35 32 15  34 12 43 33 

Travel time 1-5 16-25 32-46  1-8 13-19 30-37 46-50 

Repair time 5-16 25-32 46-50  8-13 19-30 37-46 50-58 

 Third Team Fourth Team 

1 2 3 4 1 2 3 4 

Disaster Point No. 14 45 13 41 25 24 44  

Travel time 1-6 12-23 26-32 38-41 1-5 15-21 27-39  

Repair time 6-12 23-26 32-38 41-51 5-15 21-27 39-47  

Summary 

This paper mainly studies the genetic algorithm of model of post-disaster road repair and solution. 

As the post-disaster repair model is different from the general VRP model, therefore, in the repair 

order, firstly, meet the conditions of repair order limited; secondly, observed that these points all 

belong to disaster points that have relatively large emergency degree of repairs and relatively low 

risk of repairs; Finally, repair time and travel time of the task force in each disaster points also meet 

the time window constraints of the model. So you can believe that the solution of genetic algorithm 

is effective. 

In addition, in dealing with conditions of the priority and restrictions of the time window, this 

study makes some special design on producing the initial group of the genetic algorithm in order to 

ensure the initial group to fully meet all restriction conditions. By example simulation, verify 

effectiveness and practicality of model and algorithm, and get good results. 
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Abstract. This paper puts forward an agent genetic algorithm based on bacteria foraging strategy 

(BFOA-L) as the feature selection method. The algorithm introduces the bacteria foraging (BF) 

behavior, and integrates the neural network and link agent structure to achieve fuzzy logic reasoning, 

so that the weights with no definite physical meaning in traditional neural network are endowed with 

the physical meaning of fuzzy logic reasoning parameters. The algorithm can maintain the diversity of 

the agent, so as to achieve satisfactory global optimization precision. The test result shows that this 

algorithm has good stability, little time complexity and high recognition accuracy.  

Introduction 

The issue of optimization widely exists in the scientific research and engineering practice. 

However, the optimization in global optimization (especially high-dimension complex function) is 

still an open problem. Normal optimization algorithm is slow in convergence and easy to fall into 

local optimal solution. In 2002, K.M.Passino brought forward the bacterial foraging algorithm 

(BFOA). In the BFA model, the solution to the optimization problem corresponds to the status of the 

bacterial in the search space, namely, optimize the fitness value of functions. The BFA algorithm 

includes three steps: chemotaxis, replication and dispelling. This algorithm has advantages such as 

parallel search of swarm intelligence algorithm and easy to jump out of local minimum.  

Aiming at the dynamic neighborhood competition, this paper puts forward the agent genetic [3] 

evolutionary algorithm based on bacteria foraging link competition strategy (BFOA-LA). The 

bacterial foraging chemotaxis process can assure the local search ability of the bacteria. The 

replication process can accelerate the search speed of the bacteria. The BFOA-LA method adopts the 

dispelling process to strengthen the global optimization ability of the algorithm. It imitates and 

describes the human’s thinking mode by using the fuzzy technology, integrates the fuzzy logic with 

the neural network to form the fuzzy neural network, and achieves mutual competition and intercross 

through link agent. This algorithm can not only raise the diversity of swarm, local search ability and 

search accuracy, but also control the number of selected features flexibly.  

Description 

Integration of fuzzy system and neural network 

Construction method of the fuzzy neural network: here it adopts the integration of nerve cell and 

fuzzy model. This model is based on the fuzzy reasoning as main body, and adopts the nerve cell 

network to achieve the decision-making process of fuzzy reasoning. With the fuzzy method as 

sample, it trains the neural network to learn. Here it adopts the four-layer structure fuzzy neural 

network, as shown in Figure 1.  
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Figure 1 Structure of Fuzzy Neural Network  

Layer 1 is the input layer, in which each nerve cell stands for an input variable. The number is 

equal to the number of variables appearing in the antecedent of fuzzy rules.  

Layer 2 is the membership function layer, in which nerve cells are used to simulate membership 

function. Use the Sigmoid function's simulation to fuzz up signals. Its form is as below: 

f(x)=1/(1+e-x)                      (1) 

Layer 3 is the rule layer, whose nerve cells are used to simulate the rule matching in the fuzzy 

reasoning process. The nerve cells of this layer completes the fuzzy " Add " operation. 

Layer 4 is the output layer, in which the number of nerve cells is equal to the number of output 

variables. The layer is the linear combination of the above layer. The nerve cells of this layer have two 

functions: one is to simulate the membership function of conclusion; the other is to fuzz calculation 

and output the accurate value. 

By constructing the fuzzy neural network, it can make good use of the advantages of fuzzy 

reasoning system and manual neural network for mutual complement, to prepare for the further work. 

Fuzzy Neural Network Structure Based on Bacterial Foraging 

Along with the increase of network complexity, traditional fuzzy neural network is very slow in 

learning process and easy to fall into local minimum. This paper integrates the adaptive link agent and 

bacterial foraging algorithm (BFA), and uses the three processes of BFA as reference. That is, it adds 

chemotaxis, replication and dispelling of BFA as learning strategy into the neural network training 

process. It builds the hybrid adaptive link agent network by adjusting neural network weights, so that 

the output of neural network converges quickly. This algorithm combines the coevolution idea and 

adopts the parallel searching mode of multi-sub swarm. The steps are: first, initialize the swarm to 

multiple sub swarms; then, each sub swarm adopts the link agent genetic algorithm mode to evolve 

and avoids falling into local optimum through multipoint searching. The sub swarms share and 

transfer genetic information by sharing agents, to reach the aim of finding satisfactory solution by the 

collaborative searching of multi-sub swarms. The optimization rate is thus effectively raised.  

According to the methods in Refs [3], it constructs the circle link agent structure as shown in 

Figure 2. The agent competes and cooperates with agents in its neighborhood. The shared agent 

transmits the hereditary information of the previous sub swarm to the current sub swarm, which is 

beneficial for the diffusion of hereditary messages among the swarm. 

 
Figure 2 Structure of Link Agent  
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Make network weights training on the basis of the circle link agent structure (constructed in Figure2). 

The BFOA-LA network model contains multiple comparatively independent four-layer structure 

agent fuzzy neural network BP network. Each individual occupies a grid. Being restrained by the local 

sensing ability, the agent can only interact with agents around it. Make network weights training on 

the basis of this networked agent. 

The training of fuzzy neuron network is to search out the optimal structure and connection 

weights. It introduces the bacteria foraging method into the process, improves the agent network 

initial parameter algorithm, and then applies traditional BP algorithm to solve the iteration problem.  

The construction method of the algorithm is as below: 

1) Initialize the swarm and design the swarm size; 

2) Design the fitness value of each individual in the current swarm. The fitness value decides the 

propagation and extinction of an individual. The formula of the fitness function is as below: 
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Select the adaptive selection operator. The circle link agent adopts the neighborhood 

competition selection method; namely, the agent competes with agents around it. In the chemotaxis 

process of bacteria, the bacteria movement mode includes tumble and run. When the agent tumbles, it 

moves step-length in unit rightward or leftward. After one tumble, if the fitness value is improved, it 

keeps moving several steps in the same direction until the fitness value cannot be improved any 

longer; or it moves forward with the preset step value. By integrating multi-point searching mode, it 

can avoid falling into local optimum and be difficult to miss the excellent individual in the swarm.  

Design the reproduction operator via the mixing proportion selection method; that is, integrating 

the replication actions of the tournament selection method and BFA. In view that the tournament 

selection method chooses the individual with the highest fitness value from some individuals each 

time, to avoid too strong randomness, based on the accumulation of each subnetwork’s fitness value 

in chemotaxis process as standard, it releases half subnetworks which are poorer, and selects half 

subnetworks which are better for replication and splitting. The replicated subnetwork inherits the 

biological properties of the mother network and has the same structure and network weights as the 

mother network. It generates the next iterative swarm, so that the individuals with high fitness value 

have higher probability to be inherited to the next generation. The replication process accelerates the 

searching speed of the swarm.  

Design crossover operator to maintain the diversity of the swarm. As for the complicated 

optimization situation, with the chemotaxis and replication process, the diversity of swarm becomes 

poor, and the swarm easily falls into local minimum. The introduction of dispelling process can 

strengthen the global optimization of the algorithm and maintain the diversity of network. It makes 

adaptive adjustment over crossover probability, and selects part network with certain probability to 

endow them with new initial weights. The dispelling of BFA is thus completed.  

Design the adaptive mutation operator. Select individuals according to the mutation probability 

for mutation. Adopt uniform mutation. Randomly select a mutation point for mutation. If the fitness 

value of the newly-generated individual is higher than that of the original individual, replace the 

original individual with the new one. 

Design the adaptive termination rule. If the swarm number reaching the requirement is above a 

threshold value, or if the hamming distance between the optimal individual of the current generation 

swarm and the optimal individual of previous generations is less than a given threshold value, the 

operation stops. Otherwise, it continues the selection of the next generation. Here, use the most fast 

grads descent method to obtain the iterative formula of network weight value. 
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Experimental Results and Analysis 

To validate the performance of this algorithm, compare with the particle swarm optimization 

(PSO) algorithm and Evolutionary Algorithms (EA). Select five Benchmark functions for numerical 

experiments. Among them, the former three functions are single-mode functions, and the latter two 

functions are multimode functions. The function description, value range and theoretical extreme 

value are shown as in Table 1. 

Table 1 Test Functions 
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Table 2 Mean Value and Variance of Best-of-run Solution of Each Algorithm after 30 Times’ 

Independent Tests under the Max. Evolutionary Generations 

Function D 

BFOA-LA PSO EA 

Mean 

value 
Variance 

Mean 

value 
Variance 

Mean 

value 
Variance 

f1 60 48.215 13.029 109.875 31.291 82.251 24.7642 

f2 60 13.225 2.619 13.214 5.2631 20.5041 10.1842 

f3 60 0.1872 0.0244 0.7933 0.2176 0.2142 0.1200 

f4 60 1.3729 0.4512 1.4632 1.2531 1.7695 1.3563 

f5 60 0.9998 0.0000 0.9998 0.0016 0.9998 0.0032 

 

 
(a) Rosenbrock                                                    (b) Ackley 

Figure 3 Benchmark Function Optimization 

For the above algorithms, initialize with the same random seeds. Table 2 presents the mean value 

and variance of best-of-run solution of each algorithm after 30 times’ independent tests under the 
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max. evolutionary generations. Table 2 and Figure 3 show that the BFOA-LA algorithm gets 

satisfactory optimization result over the high dimensional function: the mean value and variance of it 

obtained on the five test functions are not higher than those of PSO and EA; and the recognition 

accuracy of this algorithm is obviously superior to that of PSO and EA. Due to the decrease of the 

hereditary generation number and running time, the dimension complexity of the BP network reduces 

obviously, and the running time is also far fewer than that of the two other algorithms.  

Conclusions 

This paper integrates the BFA and fuzzy neural network into feature selection, and thus improves 

the global optimization efficiency. This algorithm introduces the circle link agent structure, and 

utilizes the neural network structure to achieve fuzzy logic reasoning. The combination of the bacteria 

foraging activity and the link competition strategy maintains the diversity of swarm individuals in the 

process of evolution, and makes in-depth search for high-dimension complex functions. It prevents 

the objective function value from falling into local optimum in a certain degree. The simulation 

experiment proves that the BFOA-LA algorithm is stable in performance and achieves good effect. It 

has enhanced the real-time ability and robustness of the detecting system. 
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Abstract. The failures of the low head radial gates for hydraulic structures are commonly caused by 

the dynamic instability of arms (struts) under dynamic loads during gate opening and closing 

operations. For understanding the dynamic instability mechanism of radial gate arm, the dynamic 

stability of radial gate arm with I-section was analyzed with the consideration of bending, torsion 

and warping by using parametric resonance theory, and the boundaries of main dynamic instability 

regions were obtained. In order to avoid severe vibrations of radial gate arms, two vibration control 

measures were proposed. The study provides useful and valuable information for design and safe 

operation of radial gates. 

Introduction 

Radial gates for spillways are the most widely used gates in hydraulic engineering projects because 

they are the simplest, most reliable, and usually the least expensive type of crest gates. They require 

considerably smaller forces during maneuvering compared with other types of gates, have seating 

that is more reliable on the sill, require less space, and have better conditions for the passage of ice 

and wood. A conventional radial gate consists of a curved skinplate (panel) supported by a 

framework of horizontal and/or vertical girders and stiffeners and by two or more radial struts 

(arms). Gate arms converge downstream to trunnion bearings (pins) and transfer entire thrust of the 

water load (both static and/or dynamic loads) to the anchorage. Safe operation of radial gates is very 

important for any dams and spillways, by now, most of the existing radial gates have good 

operational performance. However, some of the radial gates with small design head in some 

countries such as China, Japan, USA and Portugal had operational failures that led heavy damage. 

According to investigations on the destroyed radial gates [1-3], there are two common 

characteristics on gate failures: (1) the destroyed arms lose dynamic stability and had buckling, and 
(2) the destroyed radial gates had severe vibrations under evident vibration loads. Fig. 1 shows two 

examples of destroyed radial gates: (a) flexural buckling failure, and (b) torsional-flexural buckling 

failure.Therefore, it is necessary and important to study the dynamic instability mechanism of radial 

gate arms in order to improve the design of radial gates to avoid failures. 

 

 
(a)                         (b) 

Fig. 1 Examples of Radial Gates for Failure 

Under some special operational conditions, such as gate opening and closing process or partial 

opening status of radial gate, the dynamic load acting on radial gate may turn into exciting force 
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with certain period. According to dynamic stability theory [4], when the ratio of longitudinal 

exciting force frequency and the natural vibration frequency of the arm is a certain value, the 

amplitude of transverse plane vibration of the arm increases rapidly to lead resonance, and this type 

of the resonance is known as parametric resonance. In recent years, some researchers [5-9] have 

analyzed the dynamic stability of radial gate arms under periodical exciting force in order to find 

out the reason of failures of radial gates, however, in these studies, researchers only analyzed 

transverse plane vibration caused by parametric resonance and did not consider the effect of torsion 

and warping, so the results have some limitations. 

I-section arms are commonly used in radial gates, and it is easy to undergo severe 

bending-torsion-warping coupling vibration under longitudinal exciting force that may cause 

failures of radial gates.  Based on dynamic stability theory, this paper studied general calculation 

model for analyzing space dynamic stability of arms with the consideration of bending, torsion, and 

warping; and the boundaries of main dynamic instability regions were obtained. According to 

engineering experience, we proposed two vibration control measures in order to avoid severe 

vibrations of radial gate arms. This study provides useful information for dynamic design of radial 

gate arms. 

Materials and Methods 

Dynamic Instability Mechanism of Radial Gate Arms. Under some special operational 

conditions (e.g., gate opening and closing process), the dynamic load acting on radial gate arm can 

turn into exciting force with certain period. The longitudinal exciting force N with certain period 

acting on arms is defined as: 

N=N0+Ntcosθt . (1) 

where N0 is the time invariant component of N, i.e. hydrostatic pressure force; Ntcosθt  is the 

periodical change of exciting force N, i.e. hydrodynamic pressure force; θ is the frequency of N; and 

t is the time variable. Assuming the periodical exciting force N is acting on the centroid of the cross 

section. Fig. 2 shows the schematic diagram of an I-section arm for studying dynamic stability. 

 

   

Fig. 2 Schematic Diagram of an I-section Arm under Periodical Exciting Force N 

where o is the centroid of the cross-section; t0 and b are the thickness and the width of the flange, 

respectively; δ and h0 are the thickness and the height of the web, respectively; and h1 is the total 

height of the cross section. The rectangular coordinate system is used for the study with the centriod 

o as its origin. 

According to the thin-walled structure theory [4], when the arm is subject to longitudinal 

exciting force N, it undergoes parametric vibration, and the dynamic differential equation can be 

written as 
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where u and v are the kinetic deflections of the arm along x-axis and y-axis, respectively; φ is the 

torsion angle of cross section; z is the variable along the longitudinal exciting force N ; E and G are 

the elastic modulus of the arm and shear modulus of the arm, respectively; m is linear density of the 

arm; Ix and Iy denote the moments of inertia around x-axis and y-axis, respectively; Iω is the warping 

constant of cross section; It is the torsion moment of inertia; and r denotes geometric feature of 

cross section. Ix, Iy, Iω, It and r can be calculated by the equations below 
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Let l denote the length of the arm, and let 
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where Uk(t), Vk(t), and Φk(t) are the functions of time variable t. Substituting Eq. (4) into Eq. (2) 

yields 
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The main task of dynamic stability analysis of the arm is to determine the main dynamic 

instability regions. If we obtain the boundaries of dynamic instability, we can determine the main 

dynamic instability regions. According to the dynamic stability theory, when the amplitude of 

longitudinal exciting force is very small, the dynamic instability regions are near to θ = 2Ω/i (i = 1, 

2, 3, …), where Ω is the natural vibration frequency of the arm subjected to N0. The region near θ = 

2Ω when i = 1 is the main dynamic instability region. Let 
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Substituting Eq. (6) into Eq. (5) results in  
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Eq. (7) simplifies to 
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where Ωx, Ωy, Ωφ, µx, µy, and µφ can be calculated by the following equations: 
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Eq. (8) has the same form with the Mathieu Equation. Using Eq. (8), we obtained the boundaries of 

the main dynamic instability regions of the I-section arm as follows: 

=2Ω 1

=2Ω 1

=2Ω 1

 ±


±


±

x x

y y

ϕ ϕ

θ µ

θ µ

θ µ

. (10) 

After we obtained the boundary of main dynamic instability, we determined three main dynamic 

instability regions, and Fig. 3 shows one of them (Similarly, we have also determined the other two 

dynamic instability regions). 

 

 

     Fig. 3 The Main Dynamic Instability Region 

The shadow region shown in Fig. 3 is the main dynamic instability region which is dangerous 
for radial gates that could undergo parameteric resonance under longitudinal exciting force. 
Therefore, the designers should make sure that (θ/2Ωx, µx), (θ/2Ωy, µy), and (θ/2Ωφ, µφ) are far away 
from the main dynamic instabilities regions in order to avoid parametric resonance that may cause 
failures of raidal gates. For the above analysis procudure of dynamic stability of the I-section arm, 
becasue we considered bending, torsion, and warping that correspond to failure modes of radial gate 
arms, the calculation model of dynamic stability of the arm in this study is more reasonable and 
reliable than the previous studies and provide useful information for dynamic design of radial gate 
arms.  
 
Vibration Control Measures: The severe vibration of radial gate arms caused by resonance is the 
main reason for the failures of radial gates, so vibration control measures should be considered in 
order to avoid the failures of raidal gates. Based on engineering experience[10,11], we proposed 
two vibration measures for engineers to use. The first measure is to add a rubber cushion at the 
junction of the main beam (welded on the skinplate of the radial gate) and the arm as shown in Fig. 
4. The main beam and the arm are connected by prestressed bolts, and the prestress is equal to the 
pressure under the design head in order to assure the connection stiffness between the main beam 
and the arm. The second vibration control measure is to adopt viscoelastic dampers which are 
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frequently used in building structures and have good damping effect. The current viscoelastic 
damper is composied with steel splints and viscoelastic material connected by high-strength 
prestressed bolts, and the viscoelastic dampers are arranged at the end of the arm and are welded 
with the main beam as shown in Fig. 5. These two vibration control measures are proposed for 
designers and engineers to use in the design of radial gates. 
 

 

Fig. 4 The First Vibraion Control Measure 

 

Fig. 5 The Second Vibraion Control Measure 

Conclusions 

This paper studied the dynamic stability of radial gate arm with I-section with the consideration of 

bending, torsion, and warping by using parametric resonance theory, and the boundaries of three 

main dynamic instability regions were obtained. In order to avoid serious vibration of radial gate 

arms, we proposed two vibration control measures: the first measure is to add a rubber cushion at 

the junction of the main beam and the arm, and the second measure is to adopt viscoelastic dampers 

arranged at the end of the arm. This study provides useful information for dynamic design of radial 

gates for safe operation. 
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Abstract: Multi-functional Vibration-absorption Structure to Enclosing Wall (MVEW) is a new 

type of vibration absorption technology. In the structure, by the combination of frame filled wall, 

TMD and vibration absorption system, advantages of each part are used. To understand 

collaborative work performances of MVEW in minor earthquakes, 1/2 scale model of MVEW with 

two layers and one span is designed, and be carried out under three work situations(frame 

structure ,100mm and 200mm thickness enclosure wall), and monotonous lateral load tests were 

carried out. The result indicates that the shearing force bear by enclosing wall increase as the height 

increasing, similarly, it decrease by height increase for frame column. As the existing of enclosing 

wall, the stiffness and bearing capacity of MVEW are stronger obviously than frame structure. And 

when brittle compressive components are set at the top and bottom of the wall, the lateral force bear 

by the wall will be higher obviously than only setting (brittle compressive components) at the top of 

the wall, which showing that the wall will bear more lateral load by increasing touch point between 

enclosing wall and the column. 

INTRODUCTION  

Multi-functional Vibration-absorption Structure to Enclosing Wall (MVEW) is to a new type of 

vibration absorption technology by our project team proposing. The theory of the technique is that 

enclosure walls are connected with the main load-bearing structure by the brittle compressive and 

shear components, making it work together with the main load-bearing structure in minor 

earthquakes, and then the brittle components are destructed in medium and major earthquakes, 

enclosure wall as the mass block of tuned mass damper system (TMD) will work together with 

vibration reduction equipment around it to form a multi-functional vibration absorption system. 

therefore, the MVEW adopts to the earthquake resistant theory of multi-protect function and 

positive vibration absorption with obvious economic benefit and strong structural applicability. 

Article[1] showed that MVEW is converted into tuned mass dampers and can effectively control the 

vibration response. Therefore, studying force mechanism and collaborative work performance 

between main frame structure and enclosing wall of MVEW is very important to the structure. The 

force behavior of brittle components is put on in previous work by Liu and He [2]. Article[3,4]show 

that the structure is feasible to construction. Through recording the whole deforming process of the 

steel frames with and without infilled walls under the lateral forces , the effect of infillled walls on 

the load bearing capacity and stiffness are obtained [5]. To understand collaborative work 

performance of MVEW in minor earthquakes, 1/2 scale MVEW with two storey and one span is 

designed, three work situations which is frame structure ,100mm and 200mm thickness enclosure 
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wall are adopted , and monotonous lateral load tests were carried out. 

Experimental design 

Sample design 

The frame model is designed to single span and two layers, which 1600mm tall and the span for 

2500mm. Both the beam and the column are rectangular section, the size for columns section are 

250mm x 250mm, for beams are 250mm x 200mm, for bressummers are 200mm x 150mm, and two 

size for the wall 2000mm×1000mm×100 and 2000mm×1000mm×200. All the frame columns and 

beams are poured as C30 concrete and the 28 days’ cubic ideal compressive strength is 29.76MPa. 

Among the retaining wall is M5 mixed mortar laying aerated concrete block, aerated concrete 

masonry prismoidal compressive strength is 240 MPa. Moreover, the enclosing wall is built by 

aerated concrete blocks with M5 composite mortar, and the compressive strength of the prismoidal 

aerated concrete block is 2.4 MPa. The sample design can be seen in Fig.1, the material properties 

of the steel can be seen in Table 1. 

Table 1 Material properties of steel 

Steel Type Rolling Shapes 
Ultimate Tension 

[MPa] 

Yield Strength  

[MPa] 

Elastic 

Modulus 

[MPa] 

φ6 HPB235 538.9 458.0 2.1×10
5
 

φ10 HPB235 456  415 2.4×10
5
 

φ12 HPB235 432 395 2.3×10
5
 

1-1

2-2

4-4

F5

F2

F4

F7

F1

F3

F6

    

Fig.1 Dimension and reinforcement of specimens (mm) 

Loading equipment and program 

Loading process: Using level monotonic load, and the top displacement of the column is used as 

the control standard in loading process. For the pure frame, the displacement increment is 0.5mm 

and the test load divided is into 10 levels; For the MVEW, the displacement increment is 0.3mm 

and the test load is divided into 10 levels. Force sensor is set at the brittle resist-compression 

component to be joined to determine the loading ratio undertook by enclosing wall and the 
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framework. The setting of the force sensor use two working conditions, one is to set the force 

sensor at the top of enclosing wall, the other is to set it both at the top and the bottom of the 

enclosing wall. 

Experimental results and analysis 

Analysis of the sideway 

The sideway refers to the top displacement of the structure. It is carried out main by the 

comparison of the different load-displacement curves of different structure forms.  
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Fig.2 Load-displacement curves of       Fig.3 Load-displacement curves under 

different structure                different settings 

It can be seen from Fig.2 that under the action of the same load, lateral stiffness of the structure 

larger as the increase of the thickness of the wall and the stiffness ratio between the wall and the 

column. The sideway decreases about 50% compared with the pure frame when the stiffness ratio is 

4, and the decrease value is 25% when the stiffness ratio is 2. However, the lateral stiffness will 

decrease as the increase of the load in actual situation, but the inflection point does not appear 

because the experiment is taken under elastic range. 

It can be seen from Fig.3 that when the structure has the same stiffness ratio, the reference 

between load and displacement is basic familiar rather than improving the lateral stiffness when one 

group and two groups of brittle resist-compression components are set respectively. This is mainly 

because the wall load delivered by the resist-compression component at the bottom is too small. The 

wall load mostly comes from the above resist-compression component, which receives confirmation 

in the analysis of this experiment. 

The analysis of the load ratio bear by the wall and the frame 

The brittle resist-compression component that replaced by the force sensor can obtain the wall 

load by the reading of the force sensor under level monotonic load. So the load ratio undertook by 

the wall can be worked out by comparing with apply the load directly to structure. According to 

formulas of the structure mechanics: the stiffness of the enclosing wall 
3
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Table 2 The wall and column stiffness of different test model 

Test Model 
Frame 

stiffness[kN/m] 

Enclosing Wall 

stiffness[kN/m] 
Stiffness Ratio  

Wall Thickness 

100mm 
47.6×103 193.94×103 4 

Wall Thickness 

200mm 
47.6×103 96.97×103 2 

Table 3 The load ratio bear by the wall 

(a）Wall thickness t=200，one group of force sensor is set in each layer 

F5 [kN] F2 [kN] F2/F5 F4/kN F4/F5 

3.624 1.380 0.381 0.789 0.218 

5.285 2.086 0.395 1.192 0.226 

8.154 3.374 0.414 1.946 0.239 

9.966 3.702 0.371 2.150 0.216 

12.231 4.554 0.372 2.732 0.223 

14.043 6.132 0.437 3.616 0.258 

16.459 7.017 0.426 4.243 0.258 

18.271 6.876 0.376 4.210 0.230 

21.593 7.303 0.338 4.913 0.228 

24.764 9.587 0.387 6.335 0.256 

(b) Wall thickness t=100，one group of force sensor is set in second layer 

F5 [kN]  F2 [kN] F2/F5 F4/kN F4/F5 

4.228 1.110 0.263 0.434 0.103 

7.550 1.956 0.259 0.780 0.103 

8.758 2.145 0.245 0.862 0.098 

11.325 2.518 0.222 1.021 0.090 

13.439 2.830 0.211 1.169 0.087 

15.100 3.743 0.248 1.556 0.103 

16.308 3.947 0.242 1.691 0.104 

20.083 4.405 0.219 2.541 0.127 

23.254 4.359 0.187 2.411 0.104 

(c) Wall thickness t=100，two group of force sensor is set in each layer 

F5 [kN] F2 [kN] F2/F5 F7/kN F7/F5 F4 [kN] F4/F5 

3.171 0.000 0.000 0.246 0.078 0.000 0.000 

    5.738 1.609 0.280 0.395 0.069 0.806 0.141 

7.248 2.228 0.307 0.529 0.073 1.141 0.157 

9.211 2.777 0.302 0.670 0.073 1.634 0.177 

10.570 3.574 0.338 0.893 0.085 1.787 0.169 

12.382 4.712 0.381 0.942 0.076 2.356 0.190 

16.517 7.593 0.460 2.088 0.126 4.176 0.253 

18.422 8.640 0.469 2.442 0.133 4.695 0.255 

20.536 8.465 0.412 2.201 0.107 4.740 0.231 

22.952 7.759 0.338 1.770 0.077 4.220 0.184 

It can be seen by the comparative analysis between (a) and (b) that the second layer enclosing 

wall bears about 0.4 of applied load when the thickness of the wall is 200mm and the stiffness ratio 

between the wall and the column is 4, however for the first layer enclosing wall is about 0.23; 
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Moreover, this two value change into about 0.22 and 0.1 when the wall thickness is 100mm and the 

stiffness ratio between the wall and the column is 2. It can be drawn that the load ratio bear by the 

wall increases as the increase of the stiffness ratio between the wall and the column. At the same 

time, it is also can be seen that the load ratio bear by the wall increase as the increase of the layer 

under the same stiffness ratio, and the second layer wall is two of the first layer. Thus it can be seen 

that the enclosing wall of the MVEW undertake quite a lot of lateral load. 

It can be found that little influence on the load ratio bear by the wall when the brittle 

resist-compression component set at the bottom of the wall by comparison of the Table (a) and (c), 

and the load delivered by the column mostly bear by the brittle resist-compression component 

above. The cause of this phenomenon is that the separation of the enclosing wall and the top beam 

which result to big relative displacement between the wall and the column. However, the bottom of 

the enclosing wall is connected to the beam through the brittle resist-compression component whose 

relative displacement is little due to the wall offset as the beam, so the load ratio bear by the above 

wall become large yet little at the bottom. 

From the Table (a), (b) and (c), it can be seen that the enclosing wall bear quite a lot lateral load 

relative to the frame, while this indicates that the enclosing wall has a large preliminary stiff and 

possesses deformation condition of itself to consume the building energy input by the earthquake. 

Afterwards, the frame gradually becomes the main anti-seismic component with the rigidity 

degeneration of the enclosing wall. That is to say, the enclosing wall acts as the main component in 

the first anti-seismic line in this progress which makes the frame withdraw the second defensive 

line. Therefore, the enclosing wall causes the increase of the defensive line for this part which 

achieves the purpose of this experiment. 

Conclusion 

Because of existing inclosing wall, the stiffness and bearing capacity of MVEW are stronger 

obviously than frame structure. So based on the advantage of MVEW , enclosing wall can be as 

first anti-seismic member. 

When stiffness ration between wall and column is 4, bearing load to top brittle member in wall is 

about 40% , bearing load to bottom brittle member in wall is about 25% .  when stiffness ration 

between wall and column is 2, bearing load to top brittle member in wall is about 24% , bearing 

load to bottom brittle member in wall is about 11% .Wall bear shearing force increase by height 

increase, similarly, it is decrease by height increase for frame column. 

When top and bottom of wall is set brittle compressive components , lateral load of wall bearing 

is higher obviously than only setting brittle compressive components at top of wall, showing that 

the wall will bear more lateral load by touching point increase between enclosing wall and column. 
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Abstract: Enclosure wall multi-functional vibration-absorption structures (MVEW) is a new style of 

damping structure, it integrates the merits of infilled frame, tuned mass control (MTMD) and the 

energy dissipation structures. The main influence factors of MVEW is analyzed in the paper, The 

results indicate that there are optimal value of the mass ratio, the stiffness ratio and the damping ratio 

of substructure in MVEW, and the damping effect become obvious as the increase of the number of 

substructure, it also shows that the best location ought to synthetically consider the number of 

substructure, the tuned frequency ratio and control mode instead of being fixed. In the end, the paper 

proposed the determine principle of the damping device’s performance parameters as well as 

necessary optimization of MTMD parameters according to the specific case of actual structure1. 

Introduction 

As a new style of damping structure, the working mechanism of the enclosure wall 

multi-functional vibration-absorption structures MVEW) mentioned in previous work by Zhang and 

He [1] is to separate the main load-bearing structure and the functional enclosure wall, where the 

main structure endure the composite effects of vertical loads and horizontal earthquakes, and the 

enclosure wall works as a mass block of the technology of tuned mass control apart from 

surrounding function. It means that the enclosure wall as mass block cooperatively work with 

energy dissipated devices set below and the side of it to reduce the earthquake response, the 

elevation drawing of the control device in this structural system is shown in Fig.1. The features of 

this structure is that under small earthquakes, the main structure and enclosure wall will work as a 

whole to provide lateral stiffness to resist earthquakes, which similar to the infilled frame structure. 

Under the strong earthquakes, the enclosure wall with surrounding energy—dissipating device as 

Mass Damper Tuned (TMD) forms a multi-function tuned system combining with the main frame 

which can reduce earthquake damage effectively. Its principle is similar to multifunctional 

vibration-absorption and ant-vibration mega-frame structure [2,3]. The propose of MVEW, not only 

solve the insufficient of traditional tuned damping technology that it’s need another special mass 

block which will increase the cost correspondingly, but also expand the theory space for the 

high-rise buildings and super-tall structures. 

Minor 
Structure

Main 
Structure

Damper

U soft 
steel slab

 

Fig.1 schematic diagram of multi-functional vibration-absorption enclosure wall structure 
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Based on the studied of the mechanism of the MVEW, the vibration response under the 

earthquake of the structure is analyzed deeply and summarizes the basic characteristics’ influence 

on vibration reduction of this system. 

Influence factors 

There are many influence factors that affect the effectiveness of the multi-functional 

vibration-absorption enclosure wall structure. In this paper the earthquake response of a 

multi-functional vibration-absorption enclosure wall structure system whose main frame has six 

floors with each layer of 3 meters and lateral and longitudinal span of six meters is analyzed under 

EL-centro wave-for the peak acceleration 341.7 gal and set the enclosure wall substructure in its 

acting direction. We define damping coefficient β  as the maximum displacement ratio between 

damping structure and seismic structures as the evaluation criterion for effectiveness of the system 

when analyze the influencing rule of every factors. Numerical simulations are conducted using 

SAP2000 and time-history method whose solution principle alike to Eq.1 is used to solve the 

earthquake response of the structure. 

The influence factors of mass ratio between enclosure wall and the main frame on damping 

effect.  

Mass ratio is an important factor that influences the effectiveness of the multi-functional 

vibration-absorption enclosure wall structure. We define mass ratio µ  as the ratio between the 

substructure total mass and the mass of the main frame, also tuning frequency ratio 
fη  as the ratio 

between them. Fig3(a) shows the relation between mass ratio and damping coefficient of the 

structure vertex displacement, in unmerical examples, the value of stiffness of the U soft steel slab 

[4] takes 55
2 2kg rad /s⋅  and the value of damping ratio of every vibration mode take 0.05. 

Meanwhile, Fig.3(b) gives the relation between tuning frequency ratio corresponding to each mass 

ratio and damping coefficient of the structure vertex displacement. 
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β

 

(a) The relation between µ  and β   b) The relation between 
fη  and β  

Fig.2 Influencing curves of mass ratio on damping effect 

It can be seen from Fig.2 that 
f

η  decreases as the increase of µ , and β  become smaller with 

the mass decrease of substructure under the case of certain number of enclosure wall substructure 

which shows that the damping effect is better. However, the increase of µ  will aggravate the value 

of β  when µ  is greater than 0.1, which evince the worse of damping effect and the existence of 

optimal mass ratio. The proper range for the value of the tuning frequency ratio is between 0.8 and 

1.0, so the optimal value range of µ  in this example is about [0.05, 0.1] after comprehensive 

consideration of Fig.2(a) and Fig.2(b). 

The influence of enclosure wall stiffness on damping effect.  

In the numerical simulation with SAP2000, many parameters are interrelated and parameters will 

changed when one parameter is changed. So it need to undertake lots of simulations to get better 

effect. If the mass is certain, the vibration frequency of the structure under the earthquake will 

change with the change of stiffness as shown in Fig.3. 
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a) The relation stiffness ratio and β    b) The relation 

fη  and β  

Fig.3 Influencing curves of stiffness on damping effect 

It can draw the conclusion after the analysis of Fig.3(a) and (b) that the corresponding frequency 

ratio will present the same trend when change the stiffness ratio, with the increase of the stiffness 

ratio, the damping coefficient β  decrease gradually first and increase instead when stiffness ratio 

increases to a certain value. So damping coefficient has a minimum value which indicates that the 

stiffness ratio between the substructure and the main frame exist optimal value. The stiffness ratio 

takes 0.11 and the tuning frequency ratio for 0.9 in this example makes the best damping effect. 

The influence of damping ratio of energy dissipation device on damping effect.  

The inertia force of the enclosure wall plays the role of tuned damping with the main frame, 

besides, the energy dissipation device around the enclosure wall provides damping for the structure 

to dissipate energy. Consequently, the substructure’ damping parameter also called damping ratio 

should be confirmed in structure design, namely c

2 m
ξ

ω
=   
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Fig.4 Influencing curves of damping ratio on damping effect 

It can be observed that the variation trend of damping coefficient is similar when ξ  increases 

from 0.005 to 0.120, and they all increases first and then decreases with an apparent minimal value 

in every influencing curves. It is thus clear that there is optimization problem of damping ratio as 

well. Here, when ξ =0.07, 
fη =0.96, and the damping coefficient gets the minimal value which is 

0.314, the structure achieves the best damping effect. 

The influence of enclosure wall the number on damping effect. 

The increase of number of substructure equivalent to broaden the scope of frequency distribution, 

but the structural response will be stable when the number increases to a certain amount. It is 
 

pointed out that the optimal number of TMD is 11 when the mass is certain as shown in the work of 

Li, Xiong and Wang [5]. 
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Fig.5 Relation the number of substructure and damping coefficient 
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Fig.6 Relation curve between the locations of substructure and damping coefficient 

Fig.6 shows the relation curve between the number of substructure and damping coefficient (an 

average value of the coefficient when the system has the same number of enclosure wall but 

different locations) under the condition that the total mass is fixed. It can be seen from the diagram 

that the damping coefficient decreases with the increasing of the number of enclosure wall which 

indicates that the more of the number of enclosure wall the less decrease degree of the vertex 

displacement of the structure, namely, the damping effect is more apparent. Meanwhile, the trend of 

the curve shows that the decrease degree of damping coefficient becomes smaller with he increase 

of the number of enclosure wall which indicates the existence of the optimal number of the 

enclosure in the structure. However, the number of enclosure wall in this example is 12 when all the 

wall are enclosure wall, but it also reach a conclusion from the diagram that the damping effect 

reach the best when n=12. 

Furthermore, Fig.6 shows the influencing curve of the substructure location on the vertex 

displacement under the condition that the number of substructure is fixed. It can obtain a similar 

conclusion with Fig.5, which is to say the more of the number the better of the damping effect. 

Conclusions 

Under earthquake excitation, the lateral displacement cure of the main frame in MVEW is the 

same with traditional aseismic structures, but the MVEW has better effect on reducing the vertex 

displacement of the frame as the seismic response basically can decrease 30% to 60% in each plan. 

It is found that the mass of enclosure wall substructures have optimal value which means that the 

thickness, material and the number of enclosure wall should be optimal designed. 

The damping ratio and the stiffness ratio also exists optimal values, so parameter optimization 

should be considered in structural design to get better damping effect is suggested. 

As the mass block in tuned mass control, enclosure wall not only reduce the cost of engineering 

construction, but also increase the convenience for construction due to its separation with the main 

frame. In addition, it is easier for seismic repair compared to traditional seismic structures. 
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Abstract. In order to explore interactions among stocks, a weighted complex network was modeled, 

whose nodes were stocks, connection between nodes was established by their correlation, and the 

weight on corresponding edge was their correlation coefficient. The article analyzed some influence 

behaves among stocks by using visualization method, and gave some algorithms to find out network 

maximum spanning tree and core network. The result shows that the network is scale-free, nodes 

coupling are of homology, and some nodes are of strong influence on others. 

Introduction 

Along with the widespread application of complex network in practice, stocks network research is 

more and more paid closely attention by people. By using complex network, researchers can find out 

the internal factors leading to stocks price fluctuations. The main significance of modeling stocks 

network is to explore interactions among stocks, estimate their cross-correlation level. 

Representative stocks network models usually are some weighted indirect complex networks [1-5]. 

In the networks, nodes are stocks, the connection between nodes is usually established by the 

correlation between synchronizing time serial data of two stocks, edge weights are correlation 

coefficients. The article will model a stocks network for coal and power sectors in China stock market, 

and analyze the influence among the stocks by some visualization methods. 

Model 

In our research, the data set is composed by daily closing price of 98 stocks of coal and power sectors 

in China stocks markets. All data were collected from http://www.hexun.com with time period of 

most long span from the beginning of 1991 to the end of 2009.  

Assume has n stocks with price )(tPi for stock i at time t. The logarithmic return of stock i is 

)(ln)(ln)( 1 tPtPts iii −−= , which, for a certain consecutive sequence of trading days, forms the return 

vector is . In order to characterize the synchronous time evolution of stocks, we use same moment 

stocks return correlation coefficients between stocks i and j, and it is defined as 

( ) 




 −−

−
=

2222
jjii

jiji

ij

ssss

ssss
γ

                                                                                       (1) 

Where �  denotes a time average over the trading days corresponding in the return vectors. All 

correlation coefficients, forming a nn×  matrix with 11 ≤≤− ijγ , are then transformed into a nn×  

influence matrix with elements || ijγ , such that 1||0 ≤≤ ijγ . In order to observe in detail mutual 

influence behavior of stocks, we prearrange different threshold value 0γ , and analyze the network 
nature for 0|| γγ >ij . Let 
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We model Stocks Network for Coal and Power Sectors in China Stock Markets (shorter form 

SNCPSCSM) denoted as ),,( WEVG , where },,2,1{ nV �=  is a set with n nodes to represent n stocks, 

E  is edges set of the network, nnijwW ×= )(  is weight matrix satisfied jiij ww = ),,( Vjiji ∈≠  and 

)(0 Viwii ∈=  that are meaning the network is indirect and not self-connected for all nodes. The 

connection between nodes is dependent on their edge weight, in other words, node i and j are 

connected if and only if 0>ijw . We are more interested in strong influence among stocks, and only 

take into account 55.00 ≥γ , and all analysis are took after having deleted isolated nodes. 

Correlation Matrix Visualization  

Weight matrix includes all information about network nodes connection. Weight matrix of 

SNCPSCSM we are researching is just stocks correlation matrix, whose visualization graph can give 

us the most intuitive survey for influence among stocks. 

 

 
Fig. 1 SNCPSCSM nodes correlation matrix graph for 65.00 =γ . Bigger size plotted circles denotes 

stronger influences between stocks. 

 

There are a lot of matrix visualization algorithm that can be searched in internet, which are all 

simple, and don’t layout in the article. In practice operation, we must pay attention to using different 

size symbols to denote different value in order to plot correlation matrix. 

324 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

As showed in Fig. 1, in SNCPSCSM, node 000723, 601001, 601088, 601666, 601699, 601898, 

601918 produce great influence on other nodes. 

Network Scale 

Many researches showed that stocks networks were free-scale, whose node degree distributions were 

power law distribution δ−ssp ~)( [1-2, 5], such as S&P500 stocks network with 8.1=δ  [1-2]. For the 

stocks network in real estate sector of china stock market, the node degree approximate power law 

distribution, whose δ  shows a linear growth with threshold 0γ , 6.18.0 << δ , and average 1.25 [5]. 

For SNCPSCSM that we are researching, the nodes degree distribution also approximate power law, 

41.0=δ  for 55.00 =γ , 6.0=δ  for 60.00 =γ , 87.0=δ for 65.00 =γ , and 94.0=δ  for 70.00 =γ , average 

0.7, this shows indistinctive scale-free nature. 

 
Fig. 2 SNCPSCSM degree distribution )(sp  plot for 65.00 =γ . The network layout is on the upper 

right corner, where bigger size nodes with bigger degree. 

Maximum Spanning Tree and EGO Structure 

In the practical application, many network optimization questions involve minimum spanning tree, 

whose some classical algorithm is good, such as Prim algorithm and Kruskal algorithm. In the stock 

network that we are researching, we emphasize strong influence among stocks, and discuss maximum 

spanning tree instead of minimum spanning tree. 

Suppose the maximum spanning tree of ),,( WEVG  is T . Obviously, GT ⊂ . The maximum 

spanning tree problem can be summarized as following mathematical model: 
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Where ||U  is nodes number inU . 1=ijx  if T includes the edge linked node i and j, otherwise 0=ijx . 

Obviously, maximum spanning tree algorithm can be implemented by either referring to or 

transforming into minimum spanning tree. 

Stocks weighted network ),,( WEVG  is of some different characteristics from other network, such 

as 10 << ijw  and 0=iiw . We can design a simple method to transform maximum spanning tree into 

minimum spanning tree. 

Step 1. To make transformation ijij ww −←′ 1  for Gwij ∈  and 0≠ijw , and obtain a new network 

),,( WEVG ′′ ; 

Step 2. To find out the minimum spanning tree T ′  of ),,( WEVG ′′ ; 

Step 3. To make inverse transformation ijij ww ′−←1  for Twij
′∈′ , and obtain a new treeT , which is 

just the maximum spanning tree of ),,( WEVG . 

We can see some things from visualization maximum spanning tree of SNCPSCSM (Fig. 3). There 

are in total 6 EGOnets, 4 of which are all composed of same sector stocks. 2 EGOnets belong to power 

sector, and 2 EGOnets belong to coal sector. Only 2 EGOnets are mixed by different sector stocks, 

whose center nodes are all from coal sector. All these results show that nodes couplings are of 

homology. 

 
Fig. 3 SNCPSCSM maximum spanning tree. It be composed of 6 EGOnet, 6 bigger size nodes are 

respectively from left to right: C(600027), A(000723), D(601666), E(601898), F(601918), B(002060). 

Nodes with different colors and shapes denote stocks from different sectors, red circle is power sector, 

and cyan diamond is coal sector. 

Core Network 

In many literatures on complex network, communities are one of important research object. It is more 

meaningful to find a core network than communities for SNCPSCSM; moreover we have researched 

its maximum spanning tree and EGO structures, which can also indicate some clique natures though 

not exact communities.  

Suppose weight matrix nnijwW ×= )(  eigenvalues are |||||| 21 nλλλ ≥≥≥ � , and corresponding unit 

eigenvector nvvv ,,, 21 � , satisfying iii vWv λ= , where ni ≤≤1 . From the opinion of geometry, 

iv represents an n-dimensional vector, iλ  represents magnification scale of iv  after W transformation. 

We are only interested in 1|| >iλ , and might as well suppose 1|| >iλ for ki ≤≤1 . Further 

suppose T
21 ),,,( iniii aaav �=  , iji

aλ ( nj ≤≤1 ) represent projection of iv  on dimension j after W 

transformation. We introduce a new variable: 
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Where nj ≤≤1 , which represent the synthetically important degree of nodes in network, and use it to 

detect all core network nodes. We list the steps of their algorithm: 

Step 1. Calculate eigenvalues and corresponding eigenvectors of weight matrix W; 

Step 2. Find out the eigenvalues whose absolute values are bigger than 1 and eigenvectors 

corresponding with them; 

Step 3. Calculate jp  for nj ≤≤1 , sort jp  from big to small, and select some top nodes as core 

network nodes. 

 

 
Fig. 4 SNCPSCSM core network. Translucent graph is mother network SNCPSCSM, and red nodes 

and blue edges are Core network plot. Bigger size nodes with bigger degree. 

 

As showed in Fig. 4, SNCPSCSM core network with 10 nodes 000723, 002060, 600121, 600508, 

601001, 601088, 601666, 601699, 601898, and 601918, which are either with bigger degree or with 

bigger betweenness. 
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Abstract. A single moving mass-spring-damper model is adopted to simulate the vehicle model. The 

equation of vehicle-bridge coupling vibration is derived, using D'Alembert principle and the 

conditions of displacement compatibility. The dynamic responses of a double cable suspension bridge 

to the vehicle moving at different speeds are analyzed, considering the geometric nonlinearity and the 

bridge carriageway irregularity factor, under two types of vehicle loading conditions, namely moving 

along the center and the eccentric longitudinal axis. Then the influence of vehicle velocity and bridge 

carriageway irregularity on impact coefficient of double cable suspension bridge is discussed. Single 

cable suspension bridge can be taken as a special case of double cable suspension bridge, after the 

main cable shape coefficient is introduced. The dynamic responses of double cable suspension bridge 

and single cable suspension bridge are compared to reveal the character of vehicle vibration of double 

cable suspension bridge. The study of the dynamic responses character of double cable suspension 

bridge has a positive significance on structural form selection of such type bridge during designing, 

dynamic performance evaluation and vibration control. 

Introduction 

Double cable suspension bridge has two cables which intersect and link together in the middle of 

bridge span in one suspender plane as shown in figure 1. The double cable system has better stiffness 

than single cable system, and has the capability of adapting to unsymmetrical loads 
[1]
. The double 

cable system has an obvious advantage in static property, but it has rare reports about the dynamic 

properties. Structural character of double cable suspension bridge determines its unique vibration 

characteristics. The natural vibration characteristics of the double cable suspension bridge has been 

studied by the paper author, and compared with the single main cable suspension bridges 
[1]
. At 

present, scholars have done many studies on vehicle-bridge coupling vibration  of long span 

suspension bridge
[2~4]

, but almost all aimed at single cable suspension bridges (that is the ordinary 

suspension bridge), There have not researches  on the vibration response of double cable suspension 

bridge under vehicle load. 
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                 Fig.1 Double cable suspension bridge profile                                       Fig.2 Vehicle model 

Vehicle-bridge coupling vibration under 3 different vehicle models: the moving mass, 1/4 vehicle 

model and 1/2 vehicle model are studied in literature [5], results showed that: while considering the 

effects of springs, damping of vehicle system, it can more fully reflect the coupling effects of bridge, 

but bridge response become more complex. For small span bridge, the body nod stiffness has more 
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obvious influence on the bridge dynamic response
[5]
, for large span bridge, such as the double cable 

suspension bridge whose span is far longer than the length of a vehicle, the vehicle dynamic 

characteristics has little effect on the dynamic response of bridge
[6]
, in order to make analysis simple, 

take into account the impact of body springs and damping, and both consider the advantages of 3 

models, a single moving mass-spring-damper model is applied to simulate vehicle in the paper. The 

equations of vehicle-bridge coupling vibration are derived and the dynamic responses of the bridge to 

moving vehicle are analyzed taking Qingcheng Yellow River Bridge as an example, considering the 

geometric nonlinearity, vehicle speed and the bridge carriageway irregularity factor. The dynamic 

responses of double cable suspension bridge and single cable suspension bridge are compared to 

reveal the character of vehicle vibration of double cable suspension bridge. 

Theoretical Analysis 

Motion Equation. Node displacement is measured from its static equilibrium position, signed
jy  

with down as positive. For each non-zero displacement of the nodes rw (total number is N) the balance 

equations are listed as following: 

∑
=

=++
N

j

rjrjrrrr Fykycym
1

��� .                                                                                                   （1） 

In which, rm , rc  are the concentration mass and viscous damping coefficient at node r  

respectively; rjk is the stiffness coefficient; rF is the bridge-vehicle interaction equivalent force at 

node r . 

Using a single moving mass-spring-damper vehicle model shown in figure 2, we take the vehicle 

as a separate body, apply D'Alembert principle, motion equations of vehicle are listed as following: 

0)( , =−+ rstr FFzm ��  .                                                                                                              （2） 

In which, m  is the mass of vehicle; z  is the displacement from the vehicle static equilibrium 

position; rstF , is the force of the vehicle in its static equilibrium position. 

Equation (1) and (2) are coupled each other through its interaction force rF , considering the vehicle 

spring-mass system, the relationship equations between force and displacement are added: 

FF ydzu −−= .                                                                                                                          （3） 

In which, u  is the relative displacement for vehicle system, through uFr ~  relationship curve to 

determine rF ; Fd  is the coordinate of bridge shape function )(xd at the point rF , bridge pavement 

irregularity can be considered by )(xd , Fy  is vibration instantaneous displacement of the bridge at 

load point rF . 

The vehicle-bridge dynamics balance equation (1) ~ (3) can be solved by using Newmark- β step 

integration method, taking road irregularities as input excitation.  

Simulation of Deck Roughness. Bridge deck roughness is the main factor for the vehicle 

vibration. Bridge deck roughness can be assumed to meet the zero-mean stationary Gaussian random 

process, which is obtained by numerical simulation of irregularity curves 
[7,8]

.  
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Coupling Vibration Response Analysis 

Natural Vibration Characteristics. The dynamic characteristics are solved by using 

Newton-Raphson iteration to determine the structure tangent stiffness matrix under gravity 
[1]
, studies 

show that: mode shapes group obviously, the main beam vibration mode shapes appear first, then the 

cable and beam higher vibration modes, the vibration of the tower is more behind, which are 

consistent with trend of single cable suspension bridge. The first order mode of single cable 

suspension bridge is generally asymmetric vertical bending, while that of double cable suspension 

bridge is symmetric vertical bending, so in the same structural parameters, the double cable 

suspension bridge can effectively improve the frequency of vertical bending. 
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Fig. 3  Vertical displacement-time curve of 4

l                  Fig.4  Vertical displacement-time curve of 2
l  

Coupling Vibration Response Analysis. The Newmark- β numerical integration method is 

carried out, after taking the first 400 orders bridge vibration modes, damping ratio is 0.02, β is 0.25. 

The coupled vibration response of bridge is calculated considering the different vehicle speed from 20 

km/h to 120 km/h and based on A grade road. Only displacement response curves under 40 km/h 

vehicle speed are drawn: The vertical displacement-time curve of 4
l , 2

l   section when vehicle 

moving along the center longitudinal axis of stiffening beam is shown in figure 3 and 4. The 

transverse displacement-time curve of 4
l , 2

l  section when vehicle moving along the eccentric 1.30m 

from longitudinal axis of stiffening beam is shown in figure 5 to 6. In figure 3 to 6, DCSL means 

double cable and static load, DCDL means double cable and dynamic load, SCSL means single cable 

and static load, SCDL means single cable and dynamic load. 
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Fig.5  Transverse displacement-time curve of 4

l      Fig.6  Transverse displacement-time curve of 2
l  

Calculation shows that the fluctuations of vertical displacement slow down with increase of 

vehicle speed. When vehicle speed is 40 km/h, the vertical displacement-time curves of the stiffening 

girder 4
l and 2

l  section is close to static live load influence line. The maximum displacement of 

stiffening girder is -0.234 m occurred when the vehicle reaches to 2
l  section, while the maximum 

displacement of 4
l  section is -0.138 m. The maximum value of bridge dynamic deflection reaches at 
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the middle span, mainly because the first order mode shape of double cable suspension bridge is 

positive symmetric vertical vibration.  

Transverse displacement response fluctuation increase with increase of vehicle speed, such as the 

maximum transverse displacement reaches to 4.2 cm when vehicle speed is 120 km/h. Figure 6 and 7 

show that the transverse displacement of the bridge changes gradually with the vehicle moving 

position, it can be concluded that the transverse displacement of the bridge is mainly determined by 

the bridge's first order transverse mode. 

Vehicle Speed Effect. Introduce impact coefficient as following: 

maxmax
1

s
y

d
y=+ µ  .               （4） 

In which, 
maxdy and 

maxsy means the maximum 

dynamic and static deflection of the bridge 

respectively. Three bridge road levels are 

discussed: no pavement roughness, A grade and 

B grade. 

Impact coefficient does not increase linearly 

with the increase of vehicle speed as shown in 

figure 8. The impact coefficient is larger, when 

speed reaches to 40 km/h and 60 km/h. The 

impact coefficient increase with the increase of 

vehicle speed, when the speed exceeds 90 km/h. 

Impact coefficients under the case of  no 

pavement roughness, A grade and B grade road 

are 1.064, 1.077, 1.142 respectively, when the speed is 40 km/h. The bridge pavement damage is more 

serious and the measured impact coefficient is 1.172 mentioned in the bridge inspection report, which 

shows that the worse the bridge deck roughness is, the greater the impact coefficient is.  

Comparison with Single Cable Suspension Bridge 

Cable Shape Coefficient. The vertical coordinates of upper and lower cable of double cable 

suspension bridge is 0

2y , 0

1y , respectively, the vertical coordinates of upper and lower cable in mediate 

state is 2y , 1y , respectively, define the main cable shape coefficient: 

)()()()( 0

1

0

22

0

2

0

1

0

2

0

11 yyyyyyyy −−=−−=α .                                                                            （5） 

When =α 0, it’s double cable suspension bridge, when =α 0.5, single cable suspension bridge, so 

single cable suspension bridge can be taken as a special case of double cable suspension bridge. 

Comparison with Single Cable Suspension Bridge. The vibration response are compared 

between single cable and double cable suspension bridge at 40 km/h vehicle speed, the maximum 

dynamic displacements are shown in table 1. The vertical maximum displacements are close to when 

=α 0 and =α 0.1, but when =α 0.1, the transverse maximum displacement is smaller. The 

maximum vertical displacement of the 4
l and 2

l  section are close to when =α 0.3, which is most 

reasonable, and at this case the transverse maximum displacement is also smaller, which provides a 

dynamic basis to select reasonable structure form in design for this kind of suspension bridge. 

Tab.1 Maximum dynamic displacement of stiffening girder (m) 

Load condition section direction =α 0 =α 0.1 =α 0.3 =α 0.5 

center moving 
l/4 vertical -0.138 -0.14 -0.166 -0.234 

l/2 vertical -0.234 -0.234 -0.176 -0.182 

eccentric 

moving 

l/4 transverse -0.014~0.007 -0.010~0.006 -0.010~0.008 -0.014~0.010 

l/2 transverse -0.023~0.014 -0.016~0.010 -0.016~0.012 -0.018~0.016 

When vehicle speed is 40km/h, the comparison of vertical displacement-time curve under the 

center longitudinal axis moving load are shown in figure 3 and 4. The transverse displacement-time 

Fig.7  Impact coefficient under different vehicle speed
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curve under the eccentric longitudinal axis moving load are shown in figure 5 and 6.The maximum 

displacement of double cable suspension bridge is -0.234 m when vehicle moving to the 2
l  section, 

while the maximum displacement of 4
l section is -0.138 m; This is very different from the case that 

the maximum displacement of single cable suspension bridge is -0.234m occurred when vehicle 

moving to the 4
l  section. All these show that the double-cabled system is superior to single-cable 

system in increasing vertical stiffness and resistance capacity to S-shaped deformation, but the 

vertical displacement of 2
l  section of double cable suspension bridge increases. 

Summary 

(1) The stiffening girder maximum vertical displacement of double cable suspension bridge occurs at 

vehicles moving to the middle section, which is very different from the maximum displacement of a 

single cable suspension bridge at vehicles moving to 4
l  cross sections. Double-cabled system is 

superior to single-cabled system in increasing vertical stiffness and resistance to S-shaped 

deformation, which has a significant value on dynamic behavior assessment and strengthening design 

for this type of bridge.  

 (2) Stiffening girder vertical displacement fluctuations of double cable suspension bridge slow 

down with the increase of vehicle speed, while transverse displacement response fluctuations increase 

with increase of vehicle speed. The maximum deflection of span is not increases linearly with the 

increase of vehicle speed, the maximum deflection of span is relatively large when the speed is 40 

km/h and 60 km/h; when the speed exceeds 90 km/h, the impact factor will increase with the speed 

increase. 

(3) Surface roughness has an obvious influence on impact coefficient of double cable suspension 

bridge, the worse the bridge deck roughness is, the greater impact coefficient is. Therefore, the bridge 

maintenance work should be strengthened to reduce the impact on the bridge. 

(4) Selecting a reasonable shape of the double cable will reduce the vertical and horizontal 

maximum displacement, which reflects the advantages of such bridge vibration characteristics, and it 

has guideline in bridge design and selection.  
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Abstract. Fundamental matrix estimation is a central problem in computer vision and forms the basis 

of tasks such as stereo imaging and structure from motion, and which is especially difficult since it is 

often based on correspondences that are spoilt by noise and outliers. The Random Sample Consensus 

(RANSAC) algorithm is a popular tool for robust estimation, primarily due to its ability to tolerate a 

tremendous fraction of outliers. In this article, we provide an approach for improve of RANSAC that 

has the benefit of offering fast and accurate RANSAC, and combine the M-estimation algorithm get 

the fundamental matrix. Experimental results are given that support the adopted approach and 

demonstrate the algorithm is a practical technique for fundamental matrix estimation.  

Introduction 

In computer vision, matching two relevant images photographed from the same scene is the basis of 

many applications including the recognition of objects and scenes, image-based 3D scene 

reconstruction, dynamic tracking, the estimation of the fundamental matrix is an important task in 

computer vision [1]. Generally image matching builds on the extraction of corresponding features 

from images, and epipolar geometric restriction relations between two images is the only information 

obtained from matched points, so epipolar geometric restriction can be used to match two images. 

Epipolar geometric depend on the internal parameters, the positions and orientations of cameras, it 

can be described by a singular fundamental matrix of which rank is two, and the problem of epipolar 

geometric could be transformed to the estimation problem of fundamental matrix [2], which could be 

helpful for matching images. The main difficulty stems from the unavoidable outliers inherent in the 

given matches. Most robust techniques require that the majority of matches be correct or else some 

form of outlier detection and removal is usually performed before actual parameter estimation. 

The estimation of fundamental matrix has been a research hotspot, and its estimation accuracy will 

impact on the precision of further more works directly, which includes 3D reconstruction, motion 

estimation, camera calibration, matching, tracking, view synthesis, etc. Now the commonly used 

estimation algorithms mainly contain the linear algorithms, the iterative algorithms, and the robust 

algorithms. The 8-points algorithm proposed by Longuet-Higgins is a linear algorithm which is 

implemented fast and easily [3], but it is exceptionally sensitive to noise, and varies with the change 

of matched points. Hartley et al. proposed the improved 8-points algorithm that can enhance the 

stability of 8-points algorithm and reduce the disturbance of noise by normalization processing the 

selected matched points [4][5], but the calculated epipole position is unstable. The Above two 

algorithms neglect each couple of matched points has a different influence on fundamental matrix, 

and this assume results in a low estimation precision of fundamental matrix. The iterative algorithms 

mainly contains the algorithms calculating minimum geometric distances between matched points 

and epipolar lines and based-gradient methods [6][7]. They have an improvement in examination 

precision comparing to 8-points algorithm, but it is actually time-consuming, and can’t eliminate the 

error matching.  

The robust algorithms contains M-estimated algorithm [1][8], Least Median Squares algorithm 

(LMeds)[9], Random Sample Consensus (RANSAC)algorithm[10][11], etc. M-estimated algorithm 

solves fundamental matrix by the weighted iteration, but it really rests on the starting value and is 

influenced by the wrong matched points. LMeds algorithm estimates model parameters by 
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minimizing the square value of residual errors, which robustness is quite good. When the error rate of 

matched points will surpass 50%, M-estimated and LMeds algorithm aren’t suitable. RANSAC 

algorithm is one of the most effective and robust estimation algorithms. Even if the error rate of 

matched points over 50%, it still can process effectively. RANSAC algorithm has a large range of 

applications in the estimation of fundamental matrix. In order to select the optimal relatively matched 

point set and reduce the influence of wrong matched points, we improve the RANSAC algorithm and 

combine the M-estimated algorithm, propose an algorithm of fundamental matrix estimation. 

The paper is organized as follows: fundamental matrix is introduced in Section 2, Section 3 

describes the improved RANSAC algorithm, our algorithm estimate the quality of the best found 

model and the experimental results is presented in Section 4. The paper concludes in Section 5. 

Fundamental matrix 

Consider two images I and I’ of a common scene, Let C and C’ represent the optical centre of the left 

and right cameras in the 3D coordinate, respectively. Points x�  and 0x�  (in homogeneous coordinates) 

are the projections of a 3D point x onto the left (I) and right (I’) images, without loss of generality, we 

assume that the world coordinate system coincides with the left (first) camera coordinate system. It 

has been proven that 
10 ' [ ]T

xx Fx w ithF A t RA− −′ = =� �                                                                                                                    (1) 

where (R, t) is the rigid transformation (rotation and translation) which brings points expressed in 

the left camera coordinate system to the right one, and [ ]xt  is the antisymmetric matrix defined by t 

such that * [ ]xt x t x= .The 3 * 3 matrix F is the fundamental matrix. Since det([ ] ) 0xt =  

det( ) 0F =                                                                                                                                                             (2) 

Given a collection { }1 2.... nx x x of image data and a meaningful cost function that characterizes the 

extent to which any particular F fails to satisfy the system of the copies of (1) associated with 

( 1,2.... )ix x i n= = , find an estimate 0F ≠  satisfying (2) for which the cost function attains its 

minimum. Since (1) and (2) do not change when F is multiplied by a nonzero scalar, F  is to be found 

only up to scale. If the singularity constraint is set aside, then the estimate associated with a particular 

cost function 1 2( ; , ..... )nJ J F x x x=  is defined as the unconstrained minimizer F  of J, 

1argmin ( ; ....... )nF J F x x=                                                                                                          (3) 

Improved RANSAC 

RANSAC algorithm is an iterative method to estimate parameters of a mathematical model from a set 

of observed data which contains outliers. It is a non-deterministic algorithm in the sense that it 

produces a reasonable result only with a certain probability, with this probability increasing as more 

iteration are allowed. The RANSAC algorithm principle is that search M group samples in all data N, 

if the M big enough, we shall guarantee there is one group sample which only include inliers, and we 

use these M samples data set to evaluate model parameters, then get the best model parameters 

through a certainty criterion, on the other sides, the best model parameters can get from sample data 

set which not include outliers. Finally, we hypothesis the best model parameters as the model which is 

we look for, and use the model filter the other data in order to find all the inliers in the data N, in the 

same way, we can use these inliers evaluate the model parameters.  

The speed of RANSAC depends on two factors. First, the percentage of outliers determines the 

number of random samples needed to guarantee a given confidence in the optimality of the solution. 

Second, the time needed to assess the quality of hypothesized model parameters is proportional to the 

number N of input data points. In order to enhance the efficiency of algorithm, we need to know the 

time of the algorithm consume. We hypothesis randomly sample a group data set from all data N need 

time st , and use this group sample data set compute the model parameters need the time ct , use one 
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data which got from all data N verify model parameters need the time t, so use N number data verify 

model parameters need the time Nt. Form above, the time RANSAC algorithm are: 

( )s cT M t t MNt= + +                                                                                                                  (4) 

In the formula (4),  ( )s cM t t+  are the sample M groups data samples set consume time, MNt are 

verify M model parameters consume time. From formula (4), we can get two factors determine the 

time of RANSAC algorithm consumed: one is the number of sample M, which values affected by the 

model complex, data error ratio and confidence probability. The other is time of verify model 

parameters, which are determined by the number of model parameters and the number of all data.In 

the RANSAC algorithm, st and ct are commonly small, and st , ct , Nt have relation with the model 

parameters, they have got different values if the model parameters change. In another way, we need to 

compute each data error to verify model parameters, and compute the square error. So, the Nt is a big 

time at the RANSAC algorithm consume, if we want to improve algorithm velocity, there are two 

choice realize it, one is reduce the number of sample M, the other is reduce the time verify model 

parameters need consume. 

In optimized model verification has focused on minimizing the number of data points tested in the 

verification step of RANSAC. These techniques make use of the observation that most of the models 

hypothesized in RANSAC are likely to be contaminated, and are consistent with only a small fraction 

of the data points. Thus, it is often possible to discard bad hypotheses early on in the verification 

process. In particular, an optimal randomized model verification strategy is developed, based on 

Wald’s theory of sequential decision making. The evaluation step is cast as an optimization problem 

which aims to decide whether a model is good (Hg) or bad (Hb), while simultaneously minimizing the 

number of verifications performed per model, as well as the probability that a good model is 

incorrectly rejected early on. Wald’s equential Probability Ratio Test (SPRT) is based on the 

likelihood ratio 

1

( | )

( | )

j

r b
j

r r g

p x H

p x H
λ

=

=∏                                                                                                                       (5) 

The core idea of the preview verify of RANSAC algorithm is that most evaluated model 

hypotheses are influenced by outliers. Many model parameters are affected by the outliers, the 

procedure of preview verify only need random select little datum, we can use this data verify the 

model parameters which is impossible became final result. From this method, we can filter a lot of 

wrong model parameters. Increase the number of samples M, insure at least one right model 

parameter can go through the preview verify, the datum which was used compute model parameters 

should be all the inliers. In order to reduce the number of verify model parameters, we randomly 

sample little data do preview verify, these data can take part in all data verify if data has pass the 

preview verify. In the procedure of algorithm, the number of inliers which are taken as quality 

criterion of verifying model parameters are independent of verify sample numbers, in other words, 

this criterion  is correct  under the condition of little samples. 

Our Algorithm and Experimental Results 

Our concrete step of algorithm as fellows: 

Step1: use the improve 8-point algorithm compute fundamental matrix, and get the first values. 

Step2: use the improve RANSAC get the right inliers, and rid of outliers. 

Step3: based on the right inliers, use the M-estimation algorithm to compute the fundamental 

matrix. 

The proposed algorithm was tested on many image pairs of indoor and outdoor scenes, several of 

which are presented here. The cases that are presented here are difficult cases in which the inliers rate 

is low and includes a dominant degeneracy. In our experimental, we contrast our algorithm and the 
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RANSAC algorithm, and the results indicate our algorithm is robust and accurate than the RANSAC 

algorithm. 

For fundamental matrix estimation, the time needed to compute model parameters was set within 

the range observed in a large number of experiments (that is, in our implementation, checking 

whether a correspondence is consistent with a fundamental matrix is 200 times faster than estimating 

the matrix). The exact value depends on many factors including the CPU speed and type. The constant 

was set to the experimentally observed average of the number of models generated by the 8-point 

algorithm per sample. The initial values of 0η  and ε  were set to 0η =0.05 and ε =0.2, respectively. 

Image pairs with experiments see the Fig.1. To demonstrate the performance of the improved 

algorithm, the algorithm and RANSAC was applied to the two pairs of images shown in Fig. 2. 

  
(a) left                                                              (b) right 

Fig.1  image pairs with experiments (a)left, (b)right 

 
Fig2. Performance of improved algorithm and RANSAC 

Conclusion and future Work 

In this paper, we propose a improve RANSAC algorithm for robust estimation of fundamental matrix. 

The algorithm handles the above two difficult cases in a unified manner. The algorithm can handle not 

only the planar degeneracy but also scenes that include a variety of degeneracies or close to 

degenerate configurations. In order to enhance the accurate of RANSAC, we take the local optimize 

random sample process, and combine M-estimation algorithm to compute the fundamental matrix. In 

paper, we give the improve RANSAC algorithm basic theory and the concrete process. 

In the future work, we shall do how to get the accurate, fast and robust fundamental matrix 

estimation algorithm. In recent years, numerous methods have been derived from RANSAC and form 

their family, but these algorithms keen on settle one aspect of above proposed, there is a lot of work to 

resolve this. And in this paper, the results show that our method can reduce the influence by noise and 
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error matching, and improve the precision of fundamental matrix, so it prepares well for matching 

other points in image and further works. 
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Abstract. Chasing problem is not only a common problem in reality including the classical Turtle Rabbit 

Race problem, but also a representative mathematical model which has widely application. In this paper, we 

study chasing models in some cases appearing in anti-smuggling problem. Different conditions are given to 

restrict the escaping and chasing way, thus more common situations are discussed and some new 

meaningful results are obtained. 

Introduction 

In the latest few years, mathematics has been applied more and more widely with the progress of 

science and technology, especially the improvement of computer. Practical problem in our life can 

be analyzed quantitatively and solved accurately by establishing appropriate mathematical model 

such as biology, population, radioactive, economics model [1-5]. 

This article focuses on chasing model in anti-smuggling problem which can be solved by 

differential equation method [6-10] or approximation method [11-15]. The anti-smuggling problem 

can be seen in many books in which the smugglers escaping along a fixed angle [1,6]. Therefore, 

the model has some limitations. In reality, we can not know in advance the direction that 

smugglers will escape. The angle is measured when capturers find smugglers and begin to chase 

them. Hence, this problem can be generalized by supposing the angle as a variable θ, thus a more 

general problem is discussed. 

The Mathematical Model of Chasing Line 

Model I. If the two directions of smugglers and capturers are vertical, suppose the initial position 

of smugglers and capturers are at )0,0(  and (c,0), a, b are the velocities of smugglers and 

capturers. After establishing proper coordinate system, we denote x, y as the displacement of 

smugglers and capturers respectively. Through direct inference, the initial problem of chasing line 

is  
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where 
b

a
k = .  

Solving the problem resorting to basic calculus knowledge, we get: 

(i) If 1<k , the displacement of capturers satisfies   
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Substituting x=0 into (2), we obtain the distance to catch up with smugglers is  

22 ab

abc
y

−
=                                     (3) 

and the chasing time is  
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(ii) If 1=k , the displacement of capturers satisfies 
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Since x can not equal 0 in (5), it means capturers can not catch up with smugglers. 

(iii) If 1>k , It is obviously that capturers can not catch up with smugglers. 

Taking 200=c , 78.0=k and using Mathematica software, we can get the figure of capturers 

displacement as below: 
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Figure1  The figure of capturers displacement  

Model II. If smugglers escape along the direction which has an angle θ  with the positive 

direction of x-axis, through direct inference, the differential equation of chasing line is  
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ytg

yxtg
y

b

a
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θ21 .                       (6) 

Solving this equation with initial condition, we get: 

(i) If ba ≠ , the displacement of capturers satisfies 
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In this case, capturers can catch up with smugglers and the chasing time satisfies 
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(ii) If ba = , the displacement of capturers satisfies  
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Obviously capturers can not catch up with smugglers since x can not equal 0 in (9).  

Model III. If the direction of capturers has an angle θ  with the positive direction of x-axis, the 

initial problem of chasing line is 
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where 
b

a
k = . 

Solving the initial problem, we get: 

(i) If 1=k , the derivative of capturers displacement is 
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θ . Obviously 0≠x , so capturers can not catch up with smugglers. 

(ii) If 1<k , the displacement of capturers satisfies  
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where 
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θ
. Obviously, capturers can catch up with smugglers. The distance to 

catch up with smugglers is   
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and it needs time  
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(iii) If 1>k , through calculation, we know that capturers can catch up with smugglers 

when )
2

,(arcsin
a

a

b
∈θ  and the distance to catch up with smugglers is the same as (13), and the 

chasing time is the same as (14). 

 

Model IV. If smugglers set out with an initial speed along the positive direction of y -axis while 

capturers are at a certain point ),( 000 yxP , in the chasing process, the direction of capturers 

always point to smugglers. Through reasonable analysis, the initial problem of chasing line is as 

follows 
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where 
b

a
k = .  

Solving this initial problem, we can get: 

(i) If 1<k , the displacement of capturers satisfies 
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In this case, capturers can catch up with smugglers. The distance to catch up with smugglers is 
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(ii) If 1=k , the displacement of capturers satisfies 
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Since x can not equal 0 in (19), capturers can not catch up with smugglers. 

(iii) If 1>k , the displacement of capturers satisfies 
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Consider the limitation when x approaches 0, we have 

+∞=
→

)(lim
0

xy
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.                                  (21) 

Obviously capturers can not catch up with smugglers. 

Summary 

Due to the complexity of the actual situation in the model, some reasonable assumptions are given 

in advance. Based on these assumptions, we give different solutions according to different 

problems. Meaningful results show that capturers can catch up with smugglers if the velocities of 

them satisfy certain expression.  
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Abstract. This paper develops a model of structural-acoustic coupled system of a rectangular 

enclosure involving two simply supported flexible plates. The acoustical potential energy and the 

optimal secondary control forces are derived theoretically. An example is presented to analyze the 

characteristics of the coupled system, the dominant factors that impact the coupling effects and the 

noise reduction with ASAC method. The paper shows the possibility of applying distributed 

cooperative control method to the structural-acoustic coupled system. 

Introduction 

Enclosed structure with thin walls is typically used in many engineering areas, such as submarine 

hull, various carrying tools and shells of aircraft cabin, etc. Both theorists and engineers 
[1~2]

 are 

paying more attentions to the solution of the structural-acoustic coupled system. Wu
[3]
 has solved 

the interior acoustic field with the concept of covering domain. Xie
[4]
 has researched on the active 

structural acoustic control to a simple enclosure. And Yao
[5]
 has analyzed the impact of different 

boundary conditions to the interior acoustic field. 

In this paper, a model of structural-acoustic coupled system of a rectangular enclosure consisting 

of two simply supported flexible plates and four rigid plates is established. And the acoustical 

potential energy and the optimal secondary control forces are derived. Then an example is presented 

to analyze the characteristics of the coupled system, and the noise reduction of the Active Structural 

Acoustic Control, which is to lay foundation for deep analysis of dominant factors that impact it and 

to compare the control effects to dominant factors and noise reduction with different secondary 

forces applied on the flexible plates. At last, the possibility of applying distributed cooperative 

control method to the structural-acoustic coupled system is studied. 

Structural-acoustic Coupling Theory Derivation 

Theoretical Analysis Model. Consider a rectangular enclosure consisting of two simply supported 

flexible plates and four rigid plates, as shown in Fig. 1. The dimensions of the cavity are Lx×Ly×Lz, 

with the volume V, and the areas of two flexible plates respectively are Aa and Ab, with the thickness 

h. The density of the plate and air respectively are ρ1 and ρ. It is assumed that the noise of the 

structural-acoustic system is induced by a point force excitation f(r, t) on Plate a or b. 

Acoustroelasticity Theory. According to Modal Synthesis Method, the interior acoustic 

pressure and the normal vibrating displacement of Plate a and b could be written as
 [6]
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are mode shape 

functions of a rigid-welled rectangular enclosure, 

structural mode shape functions of Plate a and b, 

respectively. Due to the orthogonality, one has 
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According to the wave equation and boundary conditions, and nψ  meets Green's formula, thus 
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Structural Mode Theory. According to structural mode theory, one has 
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In this paper, it is assumed that there is only one primary force excitation located on Plate a or b. 

In this section it is assumed that there are f(ra, t) and f(rb, t) exciting Plate a and b respectively just 

for the derivation. The vibration equations of Plate a and b can be expressed as 

2
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are defined as generalized modal forces. 

Primary Acoustic Field. When the excitation and responses are both simple-harmonic, 

considering the damping, it is available to utilize Fourier Transform Algorithm to convert Eq. (3) 

and (5) into 
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Then Eq. (6) and (7) can be written in the matrix form as 

{ } [ ]{ } [ ]{ }
a a b b

P Z Q Z Q= + , { } [ ]{ } { }
a a a

Q H P QF= − , { } [ ]{ } { }
b b b
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Thus, it is available to obtain 

{ } { } { }( )1
a a b b a a b bP Z H Z H I Z QF Z QF

−
            = + − +             .                          (9) 

 

Fig. 1. A structural-acoustic coupled 

system with structural excitation f(r, t) 
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It is assumed that there is only one primary force excitation (assuming on Plate a), thus 

{ } { }
1

a a b b a a

pP Z H Z H I Z QF
−

          = + −           .                                    (10) 

Active Structure Acoustic Control. In order to reduce noises based on active structural acoustic 

control method, there must be several secondary forces fsi(ri,t) (i=1, 2, …, L) exciting Plate a to 

produce secondary acoustic field, and its acoustic modal coefficient vector can be given by 
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Then the total time averaged acoustic potential energy can be given by 
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where { } { }{ }11 12 1N pB diag M M M P= � , { }[ ]11 12 1[ ] ND diag M M M A= � . Thus, 

it is easy to get an optimal {fs} that produces the minimal acoustical potential energy 

}{][][}{ 1 BDDDfs HH

opt

−−= . 
                                                  

(14) 

Analysis Cases 

The model has the same parameters as model of Chen
 [6]
, listed in Table 1. 

Table 1. Material properties of the model. 

c=344m/s     E=68.5GPa     υ=0.33    η1=η0=0.01   ρ1 =2700kg/m
3
  ρ=1.21kg/m

3
 

Lx=0.868m    Ly=1.150m     Lz=1.0m    h=0.006m    Fp=10N 

To check the validity of the previous derivation, compare it 

with the results of Chen
 [6]
. Calculate the frequency domain 

responses of acoustic potential energy (APE), shown in Fig. 2. 

It can be seen that there is good agreement with the results of 

Chen
 [6]
, and it reflects the frequency-domain characteristics of 

the coupled acoustic field, except for little differences at some 

frequencies due to damping assumption and ignorance.  

The coupled system shown in Fig. 1 is excited by a primary 

force located on (0.3, 0.4, 1.0) on Plate a. The calculated 

frequency domain responses of APE and the surface mean 

square velocity (MSV) of Plate a and b are shown in Fig. 3, 

respectively.  

In Fig. 3 (a), it can be seen that the most APE peaks are related to the acoustic natural 

frequencies and the structural natural frequencies of Plate a, except for 34Hz, 78Hz and 92Hz 

where are decided by the natural frequencies of Plate b; however their peak-amplitudes is 10 dB 

less than those at other peak frequencies. In Fig. 3 (b), the MSV of Plate a which is excited directly 

is 20 dB higher than that of Plate b. The most MSV peaks of Plate a are decided by its natural 

frequencies, with a few peaks impacted by acoustic natural frequencies, but none of Plate b.  

 

Fig. 2. APE responses (—) and 

the result of Chen [6] (---) 
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When the coupled system is excited by the primary force located on (0.492, 1.150, 0.433) on 

Plate b, the frequency domain responses of APE and the MSV of Plate a and b are shown in Fig. 4.  

  
(a) Acoustic potential energy responses (b) Mean square velocity responses 

Fig. 4. The coupled system responses to a point force excitation located on Plate b 

Similarly, it can be found that the energy transfer path is: Plate b to acoustic cavity, acoustic 

cavity to Plate a, and feedback to acoustic cavity from Plate a at some lower frequencies, such as 

64Hz, 119Hz and 184Hz, obviously it is caused by the coupling between acoustic modes and 

structural modes. But the feedback energy is not transferred to Plate b, and this weak coupling 

effect is not playing a leading role compared to Plate b which is excited directly.  

Generally, both natural frequencies of Plate a and b influence the acoustic responses, but the 

plate excited directly and acoustic modes play a leading role. Especially when acoustic frequency is 

close to structural natural frequency, it will lead to strong coupling effect, such as 249Hz and 295Hz 

at Fig. 3(a), as well as 229Hz and 303Hz at Fig. 4(a), where peak amplitudes are 10 dB higher than 

others. It can be concluded that the 10
th
 and 12

th
 structural mode of Plate a play the most leading 

role when Plate a is excited directly, and the 8
th
 and 10

th
 structural mode of Plate b play the most 

leading role when Plate b is excited directly. Thus, ASAC method can be applied to control the 

most leading structural modes according to different excitations, to restrain the plate vibration, to 

lower the acoustic radiation of flexible plates, so as to achieve the ultimate goal of noise reduction. 

When apply a secondary force fs1 located on (0.651, 1.006, 1.0) where the 10
th
 structural mode 

vibrates within maximum amplitude when Plate a is excited directly, and Fig. 5(a) shows the 

control effect. It is seen that the interior noise is reduced at majority of frequencies, especially at 

249 Hz the noise reduction reaches almost 30 dB, which exactly indicates that fs1 controls the 10
th
 

structural mode of Plate a efficiently. Besides, the noise reduction at some other peak-frequencies 

reaches 20 dB, such as 64Hz and 228Hz. When apply a secondary force fs2 located on (0.434, 0.805, 

1.0) where the 12
th
 mode vibrates within maximum amplitude, shown at Fig. 5(b).  

Comparing Fig. 5(a) and (b), it can be found that fs2 can increase the noise reduction at 120 – 

180Hz which is ‘control blind area’ of fs1, and fs1 also can cause obvious noise reduction at 

70-110 Hz and 230 -260 Hz where fs2 cannot. Thus, it can be included that fs1 and fs2 have 

  

(a) Acoustic potential energy responses (b) Mean square velocity responses 

Fig. 3. The coupled system responses to a point force excitation located on Plate a 
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complementary effect on the noise reduction. Fig. 6 shows the simultaneous control effect of two 

secondary forces. 

  
(a) The control effect of fs1 (b) The control effect of fs2 

Fig. 5. The control effect of ASAC when Plate a is excited directly 

Generally, the simultaneous control effect
 
is better than that of one, especially at the natural 

frequencies out of control of fs1 and fs2, but the increase of noise reduction can reach 10 dB merely 

at some frequency range, and at other frequencies there is nearly no increase, especially the natural 

frequencies at which the modes are under the control of fs1 or fs2. 

Conclusions 

It is concluded that: 

1) The flexible plate excited directly plays a leading role in the coupled system, and there is 

only need to control its most leading modes to reduce the noise with ASAC method. 

2) When a secondary force is located where the N
th
 structural mode vibrates within maximum 

amplitude, then the noise dominated by the N
th
 mode will be reduced greatly. Moreover, it 

can reduce noises induced mainly by other structural modes in different degrees. 

3) When noises cannot be reduced by single secondary forces, simultaneous control of several 

secondary forces will make the situation better. But it cannot reduce the noise components at 

every frequency, especially components which are at the modes controlled by single 

secondary forces. It is to say, there is no need to adopt the simultaneous control all the time. 

The above conclusions lay foundation for applying distributed cooperative control method to the 

structural-acoustic coupled system containing several flexible plates. Deeper research is under way. 

Acknowledgement 

This work is supported by China National Natural Science Fund (No. 50975047). 

References 

[1] Y. Y. Li, L. Cheng. Active noise control of a mechanically linked double panel system coupled 

with an acoustic enclosure [J]. Journal of Sound & Vibration, 2006, 297(3-5): 1068-1074 

[2] T. Habib, M. Kepesi. Open issues of active noise control application[C]. Radioelektronika 2007, 

17
th
 Inter. Conf, 24-25 April 2007: 1-4 

[3] J. H. Wu, H. L. Chen, X. L. Hu. A new method to calculate interior sound field of 

arbitrary-shaped closed thin shell [J]. Chinese Journal of Acoustics, 2000, (5): 29-34 

[4] J. L. Xie, N. Chen, B. L. Zhong. Study on forces control of structural-borne sound in enclosed 

space [J]. Journal of Vibration Engineering, 1999, 12(1): 15-20 

[5] H. P. Yao, J. R. Zhang. Analysis of structural-acoustic coupling of elastic rectangular enclosure 

with arbitrary boundary conditions [J]. Chinese Journal of Acoustics, 2007, 32(6): 497-501 

[6] K. A. Chen, L. Y. Ma. Active Noise Control- Principles, algorithms and implementation [M]. 

Xi’an: Northwestern Polytechnical University Press, 1993: 101- 111 

Shaobo Zhong, Yimin Cheng and Xilong Qu 347WWW.BEHSAZPOLRAZAN.COM



Study of Dry Sliding Friction and Wear Characteristic of High-speed 

Steel/ Ti6Al4V Alloy under Direct Steady Magnetic Field 

WEI Yong-hui1,2,3,a, ZHANG Yong-zhen1,2,3,b, CHEN Yue2,3,c 

1.School of Mechatronics，Northwestern Polytechnical University;  Xi′an 710072, China 

2. School of Material Science and Engineering, Henan University of Science and Technology, 

LuoYang 471003,China 

3.Henan Laboratory for Material damage and Tribology, LuoYang 471003,China 

ayangguangyingyu@163.com, byzzhang@mail.haust.edu.cn, cchenyue@mail.haust.edu.cn 

Key words: DC magnetic field，magnetic field intensity，super-paramagnetic 

Abstract: The influence of DC steady magnetic field on dry-sliding friction and wear 

characteristics of friction pair of high-speed steel (HSS) ring / Ti6Al4V pin is studied by use of 

improved MPV-1500 type under normal temperature. It is shown that the wear loss of ferromagnetic 

materials can be decreased by applying a steady magnetic field. Under the load of 250N and the 

friction velocity of 0.6m/s, the wear loss of the sample HSS ring keeps decreasing along with the 

enhancement of magnetic field intensity, and in the scope of 64mT-160mT, the average friction 

coefficient becomes smaller and smaller. Magnetic field can accelerate debris refinement. The wear 

mechanism covers oxidative wear and adhesive wear mainly. 

Introduction 

Along with the development of science and technology, especially the extension of electromagnetic 

technology application, more and more friction pairs of electrical equipments and appliances have 

been used under the electromagnetic condition, the study on the influential factors and regularity of 

friction and wear characteristics of materials of ferromagnetic and non-ferromagnetic pairs under a 

magnetic field condition and the establishment of theoretical basis and guideline for concurrent 

tribology have become critical topics for tribological design of parallel in mechanical designs
[1-4]

. 

We have reported that wear characteristic of the ferromagnetic materials can be decreased if 

magnetic field intensity can be controlled properly; Therefore, the effect of magnetic field on the 

wear characteristics of ferromagnetic and non-ferromagnetic pairs also should be investigated 

further. Then Ti6Al4V alloy with high specific strength, good hot strength, excellent corrosion 

resistance and other advantages, has become the aviation, space rockets, missiles, ships, chemical, 

metallurgy, medical care and energy and chemical industrial sectors important structural materials 
[5,6]

. 

This text, by taking the friction pair of HSS ring / Ti6Al4V alloy pin as the subject investigated, 

introduces the influence of DC steady magnetic field on friction and wear characteristics of friction 

pair of HSS ring / Ti6Al4V alloy pin and describes its wear mechanism.  
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Test equipment and method 

This test is performed on an improved MPV-1500 type friction tester, where the pin-ring contact 

mode is adopted. During the test, the friction test will be operated for 20min under the relative 

friction velocity of 0.6m/s and the load of 250N. A pressure sensor is used for calibration of actual 

load before each test for fear of extra pressure for the magnetic field force. 

The hardness of the ¢7mm×38mm sample ring, being made of W18Cr4V HSS, is HRC60. The 

hardness of the ¢ 35mm×20mm sample pin, being made of Ti6Al4V alloy, is HRC32. As for the 

chemical compositions of the sample pin-ring, see the following Table 1. 

Table 1 The chemical compositions of high-speed steel and Ti6Al4V alloy[%] 

Pin/Ring  C Si Mn Cr Al V W H Zr Ti Fe 

high-speed steel 0.79 0.21 0.15 4.20 - 1.16 18.65 - - - others 

Ti6Al4V alloy 0.30 0.27 0.64 0.25 5.5-7.0 4.2-6.0 - 0.30 0.20 others 0.10 

The magnetic field can be obtained by using an energized coil and the magnetic field intensity 

can be controlled by adjusting the voltage or current. The magnetic flux flowing through the sample 

pin section will be measured by use of HT701 flux-meter, and through formula (1) calculate the 

cross section of the magnetic field intensity. 

2Dn

4

nS
B

π

φφ
==                                                            （1） 

Where, B is the magnetic field intensity; Φ is the flux; S is the cross-sectional area; D is the 

sample pin section diameter; 

The sample pin and ring shall be subject to demagnetization (TC-2 demagnetizer) and cleaning 

respectively after each test and weighed by a BS210S electronic balance with an accuracy of 0.1mg 

for calculation of wear loss before and after tests. The friction surface appearance of the worn pin 

and the abrasive dust compositions shall be analyzed with a spectrum analyzer JSM5600LV 

scanning electron microscopy and X-ray diffraction D/max-3C automatically. 

Result and analysis of test 

Influence of magnetic field intensity on wear loss 

Fig. 1 shows the friction surface appearances (x300) of the Ti6Al4V pin under the load of 250N, the 

friction velocity of 0.6m/s (20min) and different magnetic field intensities. According to Fig. 1, 

when no magnetic field or magnetic field intensity is low, much debris adhere to the friction surface 

adhesion. Along with the enhancement of the magnetic field intensity, the adhesion debris on 

friction surface becomes less and less. When magnetic field intensity is 160mT, the friction surface 

keeps fairly clean, micro-cutting wear mainly. Possible reason is that, debris will be caused under a 

fluctuant positive pressure and friction force of the friction surfaces during the test of friction and 

wear; As the Ti6Al4V ring / HSS pin friction pair of contact surface parallel to the ground plane,  

 

Fig.1 Under different magnetic field intensity, Ti6Al4V pin surface morphology(×300). 

（a）B=0mT （c）B=96mT （b）B=64mT （d）B=160mT 
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HSS ring at the above, Ti6Al4V pin at the below. When no magnetic field or magnetic field is small, 

due to the role of gravity and the molecular force, debris may easily adhere to the Ti6Al4V pin 

friction surface. Also, because HSS is a ferromagnetic material, while the Ti6Al4V alloy 

non-ferromagnetic material, when the magnetic field is large, the produced debris are adsorbed 

easily and remaining in the high-speed steel ring contact surface, and stopped on the direct contact 

surfaces between the HSS and Ti6Al4V matrix without shed-off. So when magnetic field intensity 

higher, friction surface adhesion less debris, the more friction surface cleaner. 

Fig. 2 shows the debris morphology (x300) with different magnetic field intensity. According to 

Fig. 2, when no magnetic field, sharp flakes and larger debris exit; along with the enhancement of 

the magnetic field intensity, the debris becomes finer and rounder. The reason for it is that, as the 

magnetic field intensity increases, the debris more easily absorbed on friction surface. The greater 

magnetic field, the bigger adsorption force, the longer participation time of debris in test, smaller 

debris particles, the more spherical the particle diameter less than 30nm for more debris, or even 

much less than 20nm. The reference 
[7-8]

 reported that, when the particle diameter less than 30nm 

(Fig.2), the non-magnetic alloy particles will also occur super-paramagnetic phenomenon in the 

magnetic field, showing a strong magnetic, resulting in significantly increased adhesion strength. 

 

Fig.2 Under different magnetic field intensity, debris morphology (× 300). 

Fig.3 shown overall friction surface of Ti6Al4V pin EDS spectrum analysis (× 100) under 

different magnetic field intensity. According to Fig.3, friction surface oxidation did take place. As 

the magnetic field strength increases, the pin friction surfaces remains less Fe element content, O is 

also decreased, but the content of Ti element is more and more. Possible reason is that, the larger 

the magnetic field, debris produced more easily attracted to the HSS friction surface, and less debris 

stuck in the Ti6Al4V friction surface, so Ti6Al4V substrate surface more easily exposed. Therefore, 

the greater the magnetic field, and marketing elements of the friction surface of the Fe content of 

less, Ti element content increases. This is also confirmed under the magnetic field environment, the 

ferromagnetic material can really absorb small non-iron magnetic alloy particles. 

 Fig.4 shows the XRD analysis of debris under different magnetic field intensity. According to 

Fig. 4, when no magnetic field or magnetic field is low, the main constituents of the debris are β-Ti 

and Ti3O and a small amount of Fe3O4 and Fe2O3. As the magnetic field increases, β-Ti content was 

reduced and then increased. Fig.5 show the influence of magnetic field intensity on friction pairs of 

HSS / Ti6Al4V alloy wear loss. According to Fig.5, along with the enhancement of the magnetic 

field intensity, the wear loss of the sample ring decreases, while the sample pin increases gradually. 

Applied magnetic field reduces the wear of the ferromagnetic material HSS. The reason is that, 

because of higher hardness of HSS, while the hardness of Ti6Al4V alloy smaller, so Ti6Al4V worn 

more serious during the test process, the initial debris mainly from Ti6Al4V. When no magnetic 

field, due to the effects of gravity and molecular force, a little of debris remain on the friction surface, 

oxidation partly, most of β-Ti was too late to oxidation and break away the friction surface; When 

the magnetic field is large, a lot of debris which protect the HSS friction surface, was adsorbed on 

the HSS ring friction surface. Ti6Al4V alloy substrates frequently involved in wear. When the wear 

（a）B=0mT （c）B=64mT （b）B=32mT （d）B=96mT 
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Fig.3 Overall friction surface of Ti6Al4V pin EDS spectrum analysis (× 100). 

debris adsorbed by HSS ring friction surface reaches a certain level, the excess debris break away 

the friction surface for too late to complete oxidation. Therefore, along with the enhancement of the 

magnetic field intensity, the wear loss of the sample ring decreases, while that of sample pin 

increases gradually, the friction surface becomes cleaner(Fig.1). When no magnetic field or 

magnetic field intensity is very high, the β-Ti phase of both of its wear debris was higher (Fig.4). 

 

Fig.4 Under different magnetic field intensity, XRD analysis of the debris. 

 

Fig.5 Influence of Magnetic field intensity on friction pairs of HSS / Ti6Al4V alloy wear loss. 

Influence of magnetic field intensity on friction coefficients  

Fig. 6 shows the diversification of average coefficients with the magnetic field intensity. As shown 

in Fig. 6, along with the enhancement of the magnetic field intensity, the trend of the average 

coefficients decreases and then increases. The reason for it is that, as the analysis shows in Fig.1-4, 

during the experiment friction surface will produce oxide, while the oxide layer could play a 

Element Wt% At% 

 O K 04.32 11.45 

 TiK 86.15 76.32 

 FeK 02.77 02.10 

Element Wt% At% 

 O K 05.16 17.53 

 TiK 81.03 67.84 

 FeK 03.81 04.26 

Element Wt% At% 

 O K 03.83 10.16 

 TiK 85.48 75.67 

 FeK 02.96 02.25 

Element Wt% At% 

 O K 01.92 05.29 

 TiK 88.46 81.59 

 FeK 02.76 02.18 

（a）B=0mT （b）B=96mT （b）B=128mT （b）B=192mT 
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lubricant. When no magnetic field, the average coefficient is high due to major debris adsorbed on 

the Ti6Al4V pin friction surface; When magnetic field intensity is high at 192mT, the average 

coefficient is high due to major debris which were adsorbed on the HSS ring friction surface; while 

the magnetic field intensity in 32mT-160mT range, the friction surface of both HSS ring and 

Ti6Al4V pin have thick oxide layer, so the friction coefficient smaller.  

 

Fig.6 Average coefficient of friction changes with Magnetic field intensity increasing. 

Conclusion 

a.  The wear of ferromagnetic materials can be decreased in the steady magnetic field; The 

wear loss of the sample HSS ring keeps decreasing comparing with that of the sample Ti6Al4V pin 

which increases along with the enhancement of magnetic field intensity under the load of 250N and 

the friction velocity of 0.6m/s;  

b.  Along with enhancement of magnetic field intensity within the scope of 0mT-192mT, the 

trend of the average coefficients decreases and then increases;  

c.  Magnetic field can accelerate debris refinement; 

d.  The wear mechanism covers oxidative wear and adhesive wear mainly. 
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Abstract. In this paper, for the problems of low convergence rate and getting trapped in local optima 

easily, the average path similarity (APS) was proposed to present the optimization maturity by 

analyzing the relationship between parameters of local pheromone updating and global pheromone 

updating, as well as the optimizing capacity and convergence rate. Furthermore, the coefficients of 

pheromone updating adaptively were adjusted to improve the convergence rate and prevent the 

algorithm from getting stuck in local optima. The adaptive ACS has been applied to optimize several 

benchmark TSP instances. The solution quality and convergence rate of the algorithm were compared 

comprehensively with conventional ACS to verify the validity and the effectiveness. 

Introduction 

Ant colony optimization (ACO) is a novel intelligent optimization algorithm proposed by M. Dorigo 

from observing the ant foraging behavior [1-2]. This algorithm has received good results in traveling 

salesman problem (TSP), the well-known NP problem, and some of complicated optimal 

combination problems. It has drawn more and more attention by researchers and has been modified by 

a series of strategies to improve the algorithm performance. Some famous modifications include rank 

based ant system (RAS) [3] proposed by Bullnheimer et al, Max-Min ant system (MMAS) [4] 

proposed by Stutzle etal, Ant-Q algorithm presented by Dorigo and Gambardella [5], as well as ant 

colony system (ACS) , the improved version of Ant-Q. Among them, ACS is the best ACO algorithm 

since it has two rules of global updating and local updating for pheromone [6]. 

ACS algorithm has problems of low convergence rate and getting trapped in local optima easily as 

other intelligent optimization algorithms when addressing large scale issues [7]. The contradiction 

between convergence rate and search stagnation can be alleviated by appropriately setting a series of 

control parameters in the ACS algorithm. However, there is no strict theoretical basis for parameter 

selection and the universality is questionable since the optimal value taken by experience is usually 

associated to specific problems [8]. Therefore, the design of one strategy which can adaptively adjust 

parameters would be of great significance for improving the convergence rate, solution precision and 

the universality of the algorithm. This paper analyzed the relation between parameters of pheromone 

updating, as well as the optimizing capacity and convergence rate, then proposed ATS to present the 

optimization maturity based on which we adjusted parameters of pheromone updating and proposed 

an improved adaptive ACS algorithm. We demonstrated that this new algorithm has faster 

convergence rate and better global optimizing capacity by comparing with classic ACS on several 

TSP instances. 

ACS Algorithm Parameter Analysis 

The goal of pheromone updating is to enhance superior paths and weaken worse paths aiming at lead 

the search algorithm to converge to superior paths rapidly. However, after server numbers of 

iterations, pheromones would concentrated distribution in few superior paths and reduce the 

probability of other selection, on which condition the algorithm would gets stuck in local optima 
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easily. Utilize the pheromone updating rule appropriately would be the key to achieve fast 

convergence rate and let the algorithm leave local optima. 

For the ACS algorithm, the bigger the control perimeter α of global pheromone updating is, the 

faster pheromones accumulate on superior paths. The convergence rate will be accelerated but with 

the bigger probability to be trapped in local optima. When the control parameter ρ is relative big, the 

search randomness would be increased but with low guidance quality and slow convergence rate. 

 
Fig. 1. Optimal path length in each iteration          Fig. 2. Optimal path length in each iteration 

Fig.1 shows the change of optimal path length on TSP problems when α and ρ are assigned with 

bigger or smaller values. The lateral axis represents the iteration times as well as the longitudinal axis 

means the optimal path length in each iteration. We can see that in the first 100 iterations, the 

convergence rate when α is assigned with bigger value 0.25 is faster than the situation when α is 0.05, 

which is a smaller value. However, with the increase of iteration times, smaller α would lead to better 

global search ability, which manifests as stronger convergence ability in late stage and superior 

solutions. 

Fig.2 shows the slow volatilization rate of pheromones is beneficial to the accumulation of 

pheromones on shorter paths and also the fast convergence rate at early stage when ρ is relative small. 

However, ρ should be assigned with bigger value to guarantee good global search ability at the mature 

stage since fast rate is needed to volatilize pheromones on shorter paths at this time and diversity of 

paths is required to prevent the search process from getting stuck in local optima.  

At the early stage of ACS algorithm, to improve the convergence rate of the algorithm, more 

pheromones must be released on shorter paths and bigger α and smaller ρ should be assigned at this 

period. When the optimization process enters the mature stage, plenty of pheromones concentrated in 

several shorter paths where the volatilization should be reduced to avoid trapping in local optima. 

Therefore, smaller α and bigger ρ should be assigned. 

Maturity Strategy of Optimization 

The algorithm needs to judge whether current optimization state is mature to achieve the adaptively 

adjustment of α and ρ. Eq. 1 and Eq. 2 represent the adjustment process of these two parameters. 

( )Fαα ϕ=                                   (1) 

( )Fρρ ϕ=                         (2) 

φ is the indicator of the optimization process. 

Judgment of Optimization Maturity based on Path Similarity. At the early stage of the algorithm, the 

difference of paths constructed by ants is relatively big. With the updating of global pheromones, the 

optimization process enters the mature stage when distribution of pheromones concentrates on shorter 

paths where ants move toward. The similarity of paths constructed by ants in this period would be 

very high; hence we can judge the optimization maturity of the algorithm according to the similarity 

of all paths and the shortest path. The computing steps of the method which we call it average path 

similarity (APS) is as follows. 
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Step1. Every ant k computes the similarity s(Tk, Tbest) between the path Tk constructed by itself and 

current optimal path Tbest respectively. The meaning of Eq. 3 is the number of common edges between 

Tk and Tbest. 

( , )k best k bests T T T T= ∩
                                                                                                             

    (3) 

Step2. Compute the APS according to Eq. 4. (m and n are the number of ants and cities 

respectively) 

1

1
( , )

m

k bestk
APS s T T

m n =
=

∗ ∑                                (4) 

Realization of Adaptive Adjustment. We use APS to quantify the optimization maturity of the 

algorithm and make adjustment to values of α and ρ. Specific implementation is listed as follows. 
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     (6) 

At the early stage of the optimization, small APS value requires bigger α and smaller ρ to accelerate 

the convergence; with the APS grow bigger, the optimization enters the mature stage and require 

smaller α and bigger ρ to weaken the attraction of shorter paths. Therefore, the value of aα should be 

negative and value of aρ be positive. These two parameters also determine the slope value of the linear 

transformation of α and ρ. 

In sum, we proposed the improved adaptive ACS algorithm based on optimization maturity, the 

process is shown in Fig.3. 

 
Fig. 3. Algorithm procedure of AACS 
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Comparison and Analysis of simulation experiments 

To verify the universality and effectiveness of the AACS algorithm, we use the traditional ACS and 

four benchmark examples in TSPLIB to make contrast test. The algorithm runs 100 times on every 

test instance and every time ends after 5000 iterations. Parameters are taken as shown in Table 1. 

Table 1. Parameters of benchmark TSP instances. 

TSP instances TSP City numbers Shortest path 

oliver30 30 421 

eil51 51 426 

eil76 76 538 

eil101 101 629 

We can draw the conclusion from Table 2 that the solutions of AACS are better than ACS. For the 

instance of oliver30, which has the smallest scale, AACS finds the global optimal solution after 100 

operations, so does ACS. However, with the increase of the problem scale, the advantage of AACS is 

more and more obvious. AACS finds global optimal solutions in eil51 and eil76 far more than ACS, 

and the standard variance is smaller with high stability. It is noteworthy that in the instance of eil101, 

ACS cannot obtain the optimal solution known while AACS still can keep satisfactory performance, 

which is benefit from the adaptively adjustment to parameters during the mature stage of the 

algorithm to make search process leave local optima timely and keep the ability to exploit new paths.  

Table 2. Quality comparison of solution paths computed by ACS and AACS. 

TSP 

instances 
Algorithms 

Average 

value 

Worst 

Value 

Optimal 

Value 
Variance 

Optimal 

Value 

Times 

oliver30 
ACS 421.17 421 438 1.70 999 

AACS 421 421 421 0 100 

eil51 
ACS 428.21 426 435 2.05 18 

AACS 426.51 426 430 0.89 73 

eil76 
ACS 541.27 538 551 2.77 15 

AACS 539.10 538 542 1.27 43 

eil101 
ACS 640.67 630 655 5.86 0 

AACS 635.89 629 647 4.75 8 

Conclusions 

This paper established the adaptive parameter adjustment strategy by analyzing volatile coefficients 

of pheromones and its influence on algorithm performance during various optimization stages, 

utilized the average path similarity to represent optimization maturity and proposed an adaptive ACS 

algorithm to address the contradiction between convergence rate and the stagnation behavior in 

traditional ACS, as well as improving the algorithm universality. The AACS algorithm has better 

performance in solution quality and precision, convergence rate and stability compared with 

traditional ACS algorithm. However, the parameter selection research and the adaptive algorithm in 

this paper are all based on TSP applications, which are representative optimal combination problems. 
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In further research, we would extend the adaptive algorithm and parameter analysis to more optimal 

combination applications. 

Acknowledgments 

This research was supported jointly by Science and Technology Project of Zhejiang Province (Grant 

No. 2008C11111), the Universities and Research Institutes of Ministry of Education and Guangdong 

Province (Grant No. 2009B090300246 and 2009B090300041). 

References 

 [1]  A.Colorini, M. Dorigo, V. Maniezzo. Distributed optimization by ant colonies. Proceedings of 

the First European Conference on Artificial Life, (1991) December 11-13; Paris, France 

[2]  M. Dorigo, V. Maniezzo, A. Colorni. IEEE Transaction on Systems, Man, and Cybernetics – Part 

B. 1, 26 (1996).  

[3]  B. Bullnheimer, R. F. Harl, C. Strauss. Central European Journal of operations research and 

economic. 7, 1 (1999).  

[4]  T. Stützle, H. Hoos. MAX-MIN Ant System and Local Search for the Traveling Salesman 

Problem. Proceedings of the IEEE International Conference on Evolutionary Computation, 

(1997) April 13-16; Indianapolis, USA. 

[5]  L. M. Gambardella, M. Dorigo. Ant-Q: A Reinforcement Learning Approach to the Traveling 

Salesman Problem. Proceedings of ML-95, Twelfth International Conference on Machine 

Learning, (1995) July 9-12; CA, USA. 

[6]  M. Dorigo, L. M. Gambardella. IEEE Transaction on Evolutionary Computation, 1, 1 (1997).  

[7]  L. Chen, J. SHEN, L.QIN, H.J. CHEN. Journal of Software, 14, 8 (2003).  

[8]  L.Y.JIANG, J.ZHANG, S.H. ZHONG. Computer Engineering and Applications, 43, 20, (2007).  

Shaobo Zhong, Yimin Cheng and Xilong Qu 357WWW.BEHSAZPOLRAZAN.COM



An Effective Grid Resource Management Model Based on Cloud 
Computing Platform 

Yue ZHANG1
，Yunxia PEI 2 

1Center of network, Henan college of police, Zhengzhou, China 
2Department of Math and Computer Science, Zhengzhou University of light Industry, Zhengzhou, 

China 

Email: peiyunxia2010@163.com 

Keywords: Grid, resource management, cloud computing, Elastic Compute Cloud  

Abstract: Resource management model was presented based on cloud computing using 

virtualization technologies. According to this strategy, a resource scheduling model was designed. 

This strategy can really effectively improve resource utilization rate. This algorithm met the needs of 

cloud computing more than others for grid environment with shorter response time and better 

performance, which were proved by the simulation results in the Gridsim environment. 

Introduction 

Cloud computing are a distributed processing, parallel processing and grid computing 

development and extension of the concept of computer science is the realization of a business [1]. 

Cloud computing is a new method of shared infrastructure, the basic principle is through a large 

network storage and computing programs distributed to a large number of distributed computers, 

and provide application services, allowing companies to be able to switch resources the need for the 

application, on demand access to the computer and storage systems[2]. Cloud computing is 

Internet-based super-computing model, through the framework of a distributed, global access to the 

resource structure to make Internet data center environment to run a similar calculation, that is 

stored in personal computers, mobile phones and other devices on a large number of Information 

and processor resources together, work together. 

Cloud computing is a Producer-Consumer model, cloud computing system uses fast Ethernet 

network connection with a number of clusters, the user computing system through the Internet to 

provide access to a variety of cloud data processing services. Grid system is a resource sharing 

model, resource providers are also can be resources for consumers, and the study focused on how 

the grid will be a dynamic combination of resources distributed virtual organizations [3]. 

Cloud computing and grid computing [4] an important difference is that resource scheduling 

model. Cloud computing uses clusters to store and manage data resources, the task of running the 

data center. The scheduling computing tasks to the data storage node running. The grid, places the 

center calculated. Computing resources and storage resources distributed in every corner of the 

Internet do not emphasize the task of computing and storage resources required for the same at one 

place. Due to network bandwidth limitations, the grid computing in the data transmission time a 

large part of the total running time. 

Grid is the data and computing resource virtualization and cloud computing is further 

virtualization of hardware resources, utilize virtual machine technology, the failure to re-execute the 

task, and without restarting the task [5]. At the same time, a uniform grid nodes within the operating 

system (mostly UNIX), and the cloud to relax the conditions for a variety of operating systems in 

virtual Provide various services to be machine. And the complexity of managing the grid in 
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different ways provides a simple-to-use cloud computing management environment. In addition, 

grid and cloud on the payment method has a significant difference. Grid tariff in accordance with 

the standards set by a number of charges or the sharing of idle resources between the organizations 

[6]. When the cloud is paid by using the model and service level agreement charges.  

The Development of Cloud computing 

Currently, Sun, IBM, Microsoft, Google, Amazon and other information giants have been 

involved in cloud computing research and development [7]. End of 2006, the pioneer of Internet 

companies Google launched "Google 10l plans," and formally put forward the "cloud" of the 

concepts and theories, will cloud the thinking of this new shared infrastructure approach, reflected 

needs and applications. Sun, launched in 2006, the cloud-based theory of the "black box" program, 

available now in phase; named Big Blue IBM "Blue Cloud"  plan; Microsoft hundreds of millions 

of Windows users around the world by Windows Live provide cloud computing services to achieve 

the transfer to the general device memory can store any time pattern; the Internet to provide the 

largest online retailer Amazon Elastic Compute Cloud, an independent developer and the developer 

provide cloud computing services platform. 

Amazon has its own transformation and optimization platform developed on the basis of being 

known as the Elastic Compute Cloud (EC2) cloud computing platform, the use of surplus enterprise 

IT infrastructure resources to provide remote cloud outside services. Based on the powerful 

virtualization technology and network security protocols, Amazon provides a simple way to provide 

users with flexible billing computing resources rental service. As a leader in the field of cloud 

computing, Amazon EC2 as the core of the company to build AWS (Amazon Web Services) to 

create the now widely applied IaaS (Infrastructure as a Service, Infrastructure as a Service) cloud 

computing model. Amazon cloud computing program called AWS (Amazon Web Service). A WS 

is a set of services that allow applications to access Amazon computing infrastructure. These 

services include storage, computing, messaging, and data sets.   

Google is a pioneer in cloud computing, cloud computing is the core of its technology. Cheap, 

efficient cloud computing platform, Google also proud of a great invention, its glory in no way 

inferior to Web ranking. Google succeeded in making many of the ordinary low-cost PC connected 

into a "cloud" to provide reliable and efficient computing services, powerful search service is only 

one of them. Google will be entirely in the framework of its own cloud computing platform, they 

use the production server all by himself. As the largest manufacturer of servers, Google cans other 

companies 1/5 or even 1/20 the cost of manufacturing the server, it is cost-effective server based on 

these, Google was able to maintain so many applications, and innovation. Google recently 

introduced a system based on Linux open-source Chrome OS, integrated Google's services, aimed 

at creating a "network-centric," the new computer operating experience, to become the world's 

largest cloud computing services provider. Google's cloud computing infrastructure consists of 4 

independent and closely linked to the system components, this four cluster systems were built on 

top of the file system (Google file system), the characteristics of the application for Google's 

Map/Reduce distributed computing system, distributed lock service system (Chubby) and 

large-scale distributed database system (Big Table). Google's cloud can be seen as using 

virtualization cloud computing infrastructure (hardware architecture), plus the cloud-based file 

systems and databases and the corresponding development and application environment, users can 

use the browser to the distribution in the cloud Google DOCS applications. 

Hadoop open source cloud computing system is developed by the Apache Software Foundation 

open source programming tools for parallel computing and distributed file systems, and the Map 
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Reduce and file system similar to the Google. Is used in a large cluster of low-cost hardware 

devices run applications on the framework, to provide efficient, high fault tolerance, stable 

operation interface and distributed storage. Hadoop cloud-based computing environment, providing 

cloud computing and cloud storage capacity of the online service, end users can use these services 

through a browser.   

Grid Resource Management Model 

Cloud computing service model, including "end", "pipe", "cloud" three levels, shown in Figure 

1. "End" refers to the user access to the "cloud" of the terminal equipment, which can be desktop 

computers, notebook computers, mobile phones or any other terminal to complete the information 

exchange; "control" refers to the network information transmission channels, for public cloud is 

present, telecom operators to provide communications network for the private cloud refers to the 

internal communication network or virtual private network; "cloud" refers to the provision of ICT 

services, resources or information center of the infrastructure, platform and application servers, etc. 

types of services provided, including infrastructure, platforms and applications. Figure 2 shows the 

"cloud" contains three levels: the infrastructure level, such as a variety of servers, databases, storage 

devices, parallel distributed computing system, etc.; platform level, by the operation, support and 

development of three platforms composition; application level, providing software, data and 

information, and other applications. 

 
Fig.1. Cloud computing service model 

Analyze in the cloud, the cloud architecture can be is divided into five levels: physical layer, the 

core layer, resource layer architecture, development platform layer, application layer. In accordance 

with the following hierarchy levels, respectively, the role of the introduction:  

1) Physical Layer: refers to the geographic distribution of different parts of the local resources 

to provide local resources to support. Local resources can be computing resources, storage 

resources, sensors, servers, networks and other local resources. Physical layer is the bottom of the 

cloud infrastructure. Providers responsible for physical layer operation, administration, maintenance 

and upgrade of physical resources to provide HaaS IT services to a huge demand for large 

enterprises.  

2) Core layer: refers to the basic management of distributed resources, distributed applications 

by abstracting services deployment environment. Core functions can be OS kernel, hyper visor, 

virtual machine monitor or cluster middleware abstraction services. Providing KaaS to the 

deployment of distributed applications are.  

3) Resource layer structure: the core layer is above the deployment of distributed applications, 
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distributed resources to provide basic services. This layer provides the basic services of distributed 

resources, including IaaS, DaaS, CaaS. IaaS is distributed computing services, providing flexible, 

efficient, high-intensity computing services, IaaS primarily through virtual technology. DaaS is a 

distributed storage service to provide reliable, safe, large capacity, easy data storage services.  

CaaS is a network communications services, providing reliable, secure network communications 

services.  

4) Development platform layer: is the API for application developers by providing a variety of 

cloud computing programming environment, but also for application developers to provide 

extension, load balancing, authorization, email, user interface and other various support services. P 

aa S accelerated the deployment of application services to support the application service 

extensions.  

5) Application layer: is provided through the development of platform development 

environment and market demand, developed a variety of applications. Application provider is 

responsible for software development, testing, operation, maintenance, upgrades, provision of a safe, 

reliable service.  

Cloud computing will be the main process on the "cloud" to complete, "end" function can be 

simplified or become "thin", but this does not mean that the existing types of intelligent terminals 

will be abandoned. Precisely because the terminal .The improvement of intelligent data processing 

needs increase, the relative lack of terminal computing resources to promote the emergence of cloud 

computing and development of various types of "clouds" in turn, promote the emergence of 

intelligent terminals and integration to enhance user IT resources and information services. Depends 

on the evolution of cloud computing, "client" - "pipe" - "cloud" of coordinated development.  

Grid scheduling is an optimization problem. Weights can be used with every objective to 

change the behavior of the scheduler on-the-fly, allowing the scheduler to prioritize on multiple 

objectives [8]. A cloud computing based scheduler can adapt easily to minor changes in the problem 

space. Hence, a GA based scheduler for grid applications has been chosen for the proposed resource 

allocation system. The architecture of a service grid is shown in Fig.2. 

 

Fig.2.The architecture of a service grid 

Conclusions 

This work addresses grid resource management issues using a combination of intelligent agents 

and cloud computing approaches. For local grid resource management, the iterative heuristic 

algorithm is more efficient than the genetic algorithm. For global grid resource management, a 

cloud computing service advertisement and discovery technique is shown to be effective. We found 

several sub-optimal solutions that may be acceptable ones producing a limited waste of the machine 
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available power. To reach such suboptimal solutions a parallel run of the solver should limit the 

search time to less than a minute. The average quality of the solutions is quite good, and because of 

this, application to a real world environment would be interesting. The next generation grid 

computing environment must be intelligent and autonomous to meet requirements of self 

management. Related research topics include semantic grids and knowledge grids. 
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Abstract. In order to solve the low automatic degree and poor quality of extract production to 

traditional Chinese medicine, a new automatic cone-shaped dynamic traditional Chinese medicine 

extraction equipment is designed. This equipment has innovation research in extraction process, 

structure design aspects, to achieve high efficiency, saving energy and automatic extraction purpose. 

Introduction 

Traditional Chinese medicine is a treasure of Chinese nation, in the Chinese nation of 

development for thousands of years, it played a major role for human disease prevention and 

control
[1]
. With the development of Chinese medicine formulations diversity, the requirements to the 

quality control during extraction process have become more sophisticated, how to make a leap of 

extraction development has been a topic of concern in the field of modern medicine
[2-4]

. 

The extraction equipment is the key equipment in extraction process, largely determine the 

extraction efficiency and quality of medicine
[5,6]

. Traditional clamp cover heating extraction 

installment material easy coking, easy sealing, low extraction efficiency, it is difficult to achieve 

high-quality assembly line. In this case, it’s necessary to research and develop an efficient 

intelligent dynamic extraction equipment
[7,8]

. To the existing problems, this paper studies a new 

traditional Chinese medicine extraction equipment, the equipment in extraction technology, it made 

innovative research in extraction and structural design, to achieve high efficiency, saving energy 

and automatic extraction purpose. 

System Overview 

For the current problems of traditional extraction equipment exists materials easy coking, easy 

sealing, low extraction efficiency, difficult to achieve automate production and so on, combined 

with the foreign advanced technology of cone-shaped dynamic extraction, to put forward a new 

extraction equipment which combined the heating cycle extraction process, cone-shaped extraction 

tank design, automatic control technology. System consists of three components: heating system, 

extraction system and control system. Specific technical route system flow chart shown in Figure 1.   
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Figure 1 Outer loop extraction system flow chart 

The following extract, respectively for the three components of the system described in detail. 

Heating System 

The traditional clamp cover heating extraction installment, is directly in withdraws the tank on 

the tube wall carries on the heating with the aid of the steam or other heating medium. As the solid 

material in the extraction tank direct contact with the heating tube wall, extremely easy to generate 

overheating, coking, bonding and so on. Especially regarding heat-sensitive Chinese herbal 

medicine (such as sea-buckthorn) extraction, this kind of phenomenon is especially serious, has 

greatly affected the quality which extracts. 

In order to avoid material coking phenomenon, in the selection of heating system, this paper use 

external heating system for heating the extracted supernatant. Cone-shaped dynamic extraction 

equipment extraction by external temperature automatic control and circulation system, not only 

rapidly heat extract in extraction tank to desired extraction temperature, but also automatically 

maintain the extraction temperature, avoid the results that the extracted solid material and the 

heating surface contact directly which would cause overheating, coking, bonding effects, which are 

not conducive to extraction and affect the quality of extract. Since the presence of extract buffer 

tank and circulation pump, it makes the whole process completed in a premise of high ratio of liquid 

and solid and the condition of extract forced circulation, the extraction equipment has advantages of 

high extraction rate and thermal efficiency, good extracting quality, short operation time etc. 

Extraction System 

This is the core of the system equipment, including: inverted cone-shaped tank, sieve plate, the 

control cylinder, feeder hopper, valve, outer loop heating, thermostat, flow meter, temporary storage 

tank, circulating pump and other components , the structure shown in Figure 2 and Figure 3. 
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Figure2 Extraction system and the heating system structure     Figure3 Extracting tank structure 

1 cone-shaped tank 2 end open door 3 sieve plate 4 control cylinder 5 feeder inlet 6 feeder hopper 7 valve 8 top liquid 

entrance 9 bottom liquid entrance 10 locate pin 11 locking nut 12 steam outlet 13 endoscopic light 14 viewer 15 

thermometer 16 outer loop heating 17 thermostat 18 flow meter 19 control valve 20 temporary storage tank 21 

circulating pump 

 

There are two innovations: 

(1)Materials in extraction tank for forward and reverse extraction 

The top and bottom liquid entrance of cone-shaped dynamic extraction tank and outside circulate 

temperature control and heating circulate system are designed to carry the material in extraction 

tank on forward (extract enters from tank deck, flows material level through the sieve of bottom 

door and flow out by tank bottom) and the reversion (extract enters from tank bottom, flows 

material level through the sieve of bottom door and flow out by tank deck) extraction. The merit of 

use the reversion extraction is: regarding the material which not easy to seep or fine-grained 

material, uses the reversion extraction, under the same pump pressure, extract affects bottom-up in 

the material, because the pump pressure direction and the material gravity strength direction is 

opposite, cannot exist the situation that when the material being extracted under the action of the 

pump is tight and lead to more pressure the more flow out of date extract increased resistance. 

Therefore, with the aid of the circulating pump power may guarantee extracts circular flow. 

(2)Extraction tank for the inverted cone-shaped 

Inverted cone-shaped is designed to take full advantage of the tank weight of material and 

facilitate product out. Cone-shaped dynamic extraction tank tapered inverted cone angle is generally 

(5 ~ 40) °, On the theoretical calculations and numerous experiments by the final selection to (10 ~ 

30) °. This choice, not only the product shape is more beautiful at the same time facilitate the 

material by weight of gravity to the bottom of the tank. In cone-shaped dynamic extraction tank, 

bottom door diameter larger than tank. Inverted cone-shaped tank design makes the reverse 

extraction, extract flow from the tank bottom-up process shrinking, thereby increasing its velocity, 

and does not produce short extract affected the results of extraction efficiency. Inverted cone-shaped 

tank and large diameter bottom door not only make product out easily, but also when the material 

dry the problem of extract short-circuit will not happen. 
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Control system 

The equipment is done automatically by a control system for the production process. Main 

achieved: 

(1)Data acquisition 

Control system automatic collect technology parameter of liquid level, pressure, density, 

temperature and so on, automatic collect running performance on the valves, motors, pumps etc, 

transmit data to main control room, while receiving the instruction from the host machine. 

(2)Automatic control 

Control system work automatically during the production process, such as extraction temperature, 

pressure, concentration control. The process also can control the automatic opening and closing the 

technology valve, order control, interlock control, etc. 

(3)Troubleshooting 

Trouble appears inevitable. When equipment occurs error, if the production process continued, 

will inevitably affect the quality of extract. The control system has corresponding interlock 

shutdown function in design of troubleshooting, which is a link in the chain fails, the corresponding 

other part will stop. By the technical staff for troubleshooting, find the error and production to be 

continued. 

 

Conclusions 

The device used by the trial, Compared with the traditional clamp cover heating extraction 

installment, extraction rate increased 20%, 80% efficiency, lower processing costs by 50%. Seen 

from using automatic cone-shaped dynamic traditional Chinese medicine extraction equipment, will 

not only improve the efficiency of traditional Chinese medicine production, but also greatly reduce 

production costs. It’s significance is not only equipment performance in line with industry 

development, improve the technological content of China pharmaceutical machinery and equipment, 

and to promote modernization industrial development of traditional Chinese medicine, improve 

employment opportunities and promoting economic growth will produce huge economic and social 

relevance. 
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Abstract. The Composites are difficult machining materials which widely used in aerospace industry 

due to their excellent mechanical properties. Tool wear and delamination are considered the major 

concern in manufacture the parts and assembly.  The orthogonal experiment method was used to   

investigate the milling force of carbon fibred composite with diamond mill tool. The experiments 

were carried out under air cooling cutting conditions. The experimental results indicated that the feed 

rate was the most significant fact which affect the average peak value of the milling force. the average 

milling force decreased with the cutting speed increased and increased with the feed rate and width of 

cut increased. 

Introduction 

Composite materials such as fibre-reinforced plastics(CFRP) are extensively used in aerospace, 

automotive and civil applications due to their excellent mechanical properties. About 30% of the 

external surface area of the Boeing 767[1] and 50% of the primary structure in Boeing 787[2] 

program consists of composites. These materials made by using carbon fibres for reinforcing plastic 

resin matrices, such as epoxy, are characterized by having higher specific strenghth(up to 4500MPa), 

higher fracture toughness, excellent corrosion resistance, higher specific stiffness coupled with 

favorable damping properties and zero thermal expansion coefficient. These properties made them 

especially attractive for aerospace and civil applications. 

Milling is the machining operation most frequently used in manufacturing composite materials. 

The machinability of fiber reinforce plastics is strongly influenced by the type of fiber embedded in 

the composites and its properties. The carbon fibre reinforced plastics exhibit totally different milling 

results as compared to those of milling common metals and other materials. Tool wear and 

delamination at the entrance and exit surface of the workpiece were two major challenges while 

milling composite materials. Over the years, many researchers have studied the cutting mechanics 

during machining CFRP composite materials, such as the correlation between tool wear, delamiation 

damage and surface roughness[2], the influence of process parameters on tool life and workpiece 

damage[3], the thrust force and delamination during drilling CFPR using core-saw drill[4]. In recent 

years, manufacture requirements have directed greater emphasis on the development on machining 

composite materials with new tools and method such as saw drill, core drill and step drill and 

diamond tools[5]. In this article, the diamond mill tool was used to mill the CFRP composite 

materials. The thrust force and milling force  were measured and the experimental results were 

analyzed using orthogonal method. 

Experimental Setup 

Tool and Materials. In this study, CFRP laminates which having thickness of 3.5mm was used as 

workpiece material. This carbon fibre composite material was produced by autoclave with a fibre 

orientation of  0/90°, as can be observed in Fig.1. 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.368

WWW.BEHSAZPOLRAZAN.COM



 

              
Fig.1. CFRP composite material with a fibre orientation of 0/90° 

 

The carbide drill brazed diamond in its flank  and half core drill were utilized in this research. The 

two flute of carbide drill presents the following geometry: the diameter was φ5mm,  a helix angle of 

30°and flute length of 20mm. The carbide drill and half core drill were presented in Fig.2 and Fig.3. 

   

Fig.2 miill tool brazed diamond 

 

All the milling tests were carried out on a 5-axis vertical CNC machining centre DMU 60P hi-dyn 

with a maximum spindle and power of 24,000rpm and 56kw. The four direction precision 

dynamometer used in the test was made by the Beijing University of Aeronautics and Astronautics. 

the electric bridge box, the YD28 dynamic strain gauge, A/D Data acquisition card and computer 

were selected as the cutting force measurement system. 

Plan of experiments 

The dynamometer was mounted on the work table of the machining center via rigid clamping 

accessories to counter vibrations.. The CFRP composite material laminate was clamped on the 

dynamometer. The experiments were carried out under air cooling cutting conditions. The milling 

setup for the conducted tests is shown in Fig.4. During the experiments, the mechanical loads signals 

(milling force) were measured using dynamometer and its complementary charge amplifier. Signal 

were transmitted using a highly insulated cable further through an A/D card converter to data 

acquisition and storage software called DASP. Before experiments, the whole setup was calibrated 

thoroughly. 

The spindle speeds used in the experiments were 10000rpm, 14000rpm, 18000rpm. The feed speed 

were 50mm/min, 80mm/min, 120mm/min and the width cut were 1mm, 3mm, 5mm. The level of the 

milling parameters of orthogonal experimental plan was shown as table 1. 
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Fig.3 Schematic diagram of the experiment 
 

Table 1 Assignment of the levels to the factors 

 

 

 

Results and discussion 

The values of the milling force from the recorded data were show in table 2. 

Table 2 experimental results of milling force 

 Cutting speed 

(m/min) 
Feed rate (mm/z) Width of cut (mm) 

Milling force 

Fxmax (N) 

Milling force 

Fymax  (N) 

1 314.2 0.01 1 362.35 252.46 

2 314.2 0.02 3 432.56 312.56 

3 314.2 0.03 5 459.13 345.13 

4 439.8 0.01 3 368.2 257.20 

5 439.8 0.02 5 405.3 279.33 

6 439.8 0.03 1 422.2 331.25 

7 565.56 0.01 5 364.7 264.75 

8 565.56 0.02 1 365.3 282.3 

9 565.56 0.03 3 375.4 315.4 

 Fxmax 

(N) 

Fymax  

(N) 

Fxmax 

(N) 

Fymax  

(N) 

Fxmax 

(N) 

Fymax  

(N) 
  

Average of 

level 1 
418.03 303.38 365.08 258.14 383.28 288.67   

Average of 

level 2 
398.56 289.26 401.05 291.40 392.05 295.05   

Average of 

level 3 
368.46 287.48 418.91 330.59 409.71 296.40   

Extreme 

difference 
49.55 15.90 53.83 72.46 26.42 7.73   

The extreme difference reflected the impact of cutting parameters on the milling force. The cutting 

parameter was the greater effect on the milling force while the extreme difference of this cutting 
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parameter was greater. Fig.4～Fig.6 shows the variation of extreme difference of cutting speed, feed 

rate, width of the cut respectively. It can be seen from the table.2 that the feed rate was the most 

significant fact which affect the average peak value of the milling force, the extreme difference of Fx 

was 53.83N and the extreme difference of Fy was 26.42, the following was the cutting speed which 

extreme difference of Fx was 49.55 and the extreme difference of Fy was 15.90, and the last was the 

width of cut which extreme difference of Fx was 26.42 and the extreme difference of Fy was 7.73. 

           
       Fig.4 Variation of milling force with cutting speed   Fig.5 Variation of milling force with feed rate  

 

It can be seen form the Fig.4～Fig.6 that the 

average milling force decreased with the cutting 

speed increased and increased with the feed rate 

and width of cut increased. The width of cut has 

little effect on the milling force and the feed rate 

has more notable effect on the milling force. 

Summary 

The diamond tool was used to mill the CFRP 

composite materials. The experiments were carried 

out under air cooling conditions. the regulation of 

the milling force influenced by the cutting velocity, 

feed speed and width of cut  was obtained. The 

experimental results indicated that the feed rate was the most significant fact which affect the average 

peak value of the milling force. the average milling force decreased with the cutting speed increased 

and increased with the feed rate and width of cut increased.  
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Abstract. Wavelet analysis has many applications in scientific areas such as computer graphics, 

image processing, numerical algorithms and signal denoising. In general, a wavelet is derived from 

a refinable function vector via a multiresolution analysis. In this paper, we presented a novel notion 

of generalized Hermite interpolating refinable function vector. In terms of its mask, several 

properties (such as interpolation property, symmetry property and approximation property) with 

respect to generalized Hermite interpolating refinable function vector. We shall present an example 

at the end of this paper. 

1. Introduction 

Interpolating refinable function vector was discussed in [2,3,4], Hermite interpolating refinable 

function vector was discussed in [1], in this paper, we shall present a generalized Hermite 

interpolating refinable function vector in section 2,in section 3,we shall respect several properties of 

the generalized Hermite interpolating refinable function vector in terms of its mask. 

Before proceeding further, let us recall some necessary notions and auxiliary results. R denotes the 

real plane. Z denotes the set of all integers. C denotes the complex plane. ( )2L R denotes the set 

of all Lebesgue measurable functions f  such that ( ) ( )
2

22

L R R
f f x dx= < ∞∫ . And r sC × denotes 

the linear space of all finitely supported sequences of r s×  matrices onC . And ( )( )0

r s

l
×

Z  

denotes the linear space of all finitely supported sequences of r s×  matrices on Z . 

Definition 1.1 We call [ ] 1

1, , :
T r

r R Cφ ϕ ϕ ×= � �  is a refinable function vector if φ  satisfies 

the following vector refinement equation  

( ) ( ) ( )2 2 , . .
k Z

x a k x k a e x Rφ φ
∈

= − ∈∑                                       (1.1) 

: r ra Z C ×
�  is a finitely supported sequence of r r×  matrices on Z , called the matrix mask 

for the refinable function vector φ . 

In the frequency domain, the vector refinement equation in (1.1) can be rewritten as 

( ) ( ) ( )ˆ ˆˆ2 ,a Rφ ξ ξ φ ξ ξ= ∈                                                (1.2) 

Where  

( ) ( )ˆ ,ik

k Z

a a k e Rξξ ξ−

∈

= ∈∑                                               (1.3) 

And the Fourier transform of a function ( )1f L R∈  is defined to be  
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( ) ( )ˆ ,ix

R
f f x e dx Rξξ ξ−= ∈∫                                              (1.4) 

When the multiplicity 1r = , the function vector φ  is simply a scalar function and therefore for 

the case 1r = , φ  is called a scalar refinable function. 

Definition 1.2 We call φ  is a interpolating refinable function if φ  is continuously and for 

k Z∈ , 

( ) kkφ δ=                                                                  (1.5) 

Where δ  is a Dirac sequence such that  0 1δ =  and 0kδ =  for all 0k ≠ . 

The concept of interpolating refinable function vectors was introduced by [2,3]. 

Definition 1.3 We call [ ]1 2,
T

φ ϕ ϕ=  is a refinable function vector if φ  is finitely supported and 

continuously and for k Z∈ , 

1 2 1,
2 2

k k

k k
ϕ δ ϕ δ −

   = =   
   

                                                  (1.6) 

2. Definition and characterization of generalized refinable function vectors with Hermite 

interpolating  

As an important subdivision scheme, Hermite interpolants are always of interest in the computer 

graphics, in this paper, we present a generalized refinable function vector with Hermite 

interpolating. 

Definition 2.1 We call a vector [ ] ( )1 2 2,
T

r L Rφ ϕ ϕ= ∈�  is generalized Hermite interpolating 

refinable function vector if φ  is continuously differentiable  and for k Z∈ , φ  satisfies the 

following interpolation condition  

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

1 1

1 1 1 1

1 1

2 2 2 2

2

1 1

2 2 2 2

1 1

1 1

1 1

k r

r r r r

r r
k k k k

r r

r r
k k k k

r r
I

r r
k k k k

r r

ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ
δ

ϕ ϕ ϕ ϕ

 − −    + +    
    

 − −   + +    
     =

 
 
 
 − −   + +    

    

�

�

� � � � �

�

                    (2.1) 

2,3,r = �  

Where δ  is a Dirac sequence such that  0 1δ =  and 0kδ =  for all 0k ≠ , for a smooth 

function f , 
( ) ( )j

f ⋅  denotes the j − th derivative of ( )f ⋅ , 2rI  is a 2 2r r×  unit matrix. 
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Note 2.1 when 2r =  and 0k = , [ ] ( )1 4 2, ,
T

L Rφ ϕ ϕ= ∈� ,then (2.1) becomes the following 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

1 1

1 1 1 1

1 1

2 2 2 2

1 1

3 3 3 3

1 1

4 4 4 4

1 1
0 0

2 2

1 0 0 01 1
0 0

0 1 0 02 2

0 0 1 01 1
0 0

2 2 0 0 0 1

1 1
0 0

2 2

ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ

    
    
    

      
      

      =
      
      

      
    
    

    

,  please see [1]. 

Considering some important and necessary properties of wavelets analysis, we will discuss the 

following properties of the Hermite interpolating refinable function vectors. 

Theorem 2.1 If φ  is a generalized Hermite interpolating refinable function vector, that is (2.1) 

holds, then the shifts of φ  are linearly independent. 

In fact, suppose that exists the sequences 1 2 2, , , :rc c c Z C� � (at least one nonzero) such that  

( ) ( )
2

1

0
r

l l

l k Z

c k x kϕ
= ∈

− =∑∑                                                       (2.2) 

Since φ  is interpolating,  we have ( ) 0, 1,2, , 2lc k l r= = � . 

Theorem 2.2  For any compactly supported function :f R C� , if denote f�  as follows  

( ) ( ) ( ) ( ) ( ) ( ) ( )1 1 11 1 1 1
, , , , , ,

k Z

r r
f x f k f k f k f k f k f k x k

r r r r
φ

∈

 − −        = + + + + −                
∑� �

 

    
( ) ( ) ( ) ( ) ( )

( )
( )

( )

1

1 1 1 2

2

1 1 1 1
, , , , , ,

k Z

r

x k

x kr r
f k f k f k f k f k f k

r r r r

x k

ϕ
ϕ

ϕ
∈

− 
 

− − −          = + + + +                   − 

∑ �
�           (2.3) 

Then as 0,1j = , 
( ) ( )j

f x�  agree with 
( ) ( )j

f x  on 1r Z− . 

3. Properties of the mask 

In the section, we shall provide a complete mathematical characterization for Hermite interpolating 

refinable function vectors with compact support in terms of their masks. 

For simplicity of discussion, let 2r = , we have the following results. 

Theorem 3.1 Let [ ] ( )1 4 2, ,
T

L Rφ ϕ ϕ= ∈�  be a compactly supported refinable function vector 

such that ( ) ( ) ( )ˆ ˆˆ2 ,aφ ξ ξ φ ξ=  a  is the mask of φ . If φ  is Hermite interpolating, that is, φ  is 

continuously differentiable and (2.1) holds, then a  satisfies  
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( )

1
0

2

1
0

4ˆ
1

0
2

1
0

4

a z

z

z

 ∗ ∗ 
 
 ∗ ∗ 

=  
 ∗ ∗
 
 
 ∗ ∗
 

.       Here iz e ξ−= . 

For a matrix mask a  with multiplicity2r , we need the following definition in [7,8,9]. 

Definition 3.1 We say that a  satisfies the sum rules of order 1k +  with a dilation factor d  if 

there exists a sequence ( )( )10

r

y l Z
×

∈  such that ( )ˆ 0 0y ≠  and  

( ) ( ) ( ) ( ) ( ) ( )ˆ ˆ ˆ2 0
j j

my d a m d yπ δ⋅ ⋅ =    , 0, , , 0, , 1j k m d∀ = = −� �                    (3.1) 

For the rest of the paper, we shall discuss the case 2d = . 

The following result determines the ŷ  vector in the definition of sum rules in (3.1) for Hermite 

interpolatory masks. 

Theorem 3.2 Let [ ] ( )1 4 2, ,
T

L Rφ ϕ ϕ= ∈�  be a compactly supported refinable function vector 

such that ( ) ( ) ( )ˆ ˆˆ2 ,aφ ξ ξ φ ξ=  a  is the mask of φ . If φ  is Hermite interpolating, that is, φ  is 

continuously differentiable and (2.1) holds, then there exists a nonzero sequence  ( )( )1 4

0y l Z
×

∈  

which satisfies  

( ) ( ) ( ) ( ) ( )1ˆ ˆ0 1, 0, 1, 0 , 0 0, , 2 ,y y i i i= =                                  (3.2) 

where 2 1,i = −  and a  satisfies the sum rules of 2. 

Corollary 3.1  Let [ ] ( )1 4 2, ,
T

L Rφ ϕ ϕ= ∈�  be a compactly supported refinable function vector 

such that ( ) ( ) ( )ˆ ˆˆ2 ,aφ ξ ξ φ ξ=  a  is the mask of φ .If φ  is Hermite interpolating, that is, φ  is 

continuously differentiable and (2.1) holds, then  

( ) ( )1 3 1
R

x x dxϕ ϕ+ =  ∫                                                       (3.3) 

4. Example 

In this section, we shall present an example of Hermite interpolating refinable function vector . 

Example 4.1 Let a be supported in[ ]1,1− . Then we may obtain Hermite interpolating refinable 

function vector(see Fig.1)and mask a (satisfies the sum rule of order4) followed by 

( )

0 0 0.25 0.75

0 0 0.03125 0.0625
1

0 0 0 0

0 0 0 0

a

 
 − − − =
 
 
 

, ( )

0.5 0 0.25 0.75

0 0.25 0.03125 0.0625
0

0 0 0.25 0.75

0 0 0.03125 0.0625

a

− 
 − =
 
 

− − 

, 
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( )

0 0 0 0

0 0 0 0
1

0.5 0 0.25 0.75

0 0.25 0.03125 0.0625

a

 
 
 =
 −
 

− 

. 

       

       

Fig.1 Hermite interpolating refinable function vector [ ]1 4, ,
T

φ ϕ ϕ= �  
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Abstract. The q-analogue of the derivative operator is playing a more and more important role in 

mathematics and physics. Moreover, the divided difference, as an important and classical 

mathematical tool with a close relation to the derivative, is also used in many fields. In this paper, the 

connection between the q-derivative and the divided difference is investigated such that the 

q-derivative can be understood better. The q-derivative of higher order of a function f can be 

represented by the divided difference of f at some special nodes. Furthermore, the result is used to 

provide a new and easier proof of q-Leibnitz formula and its generalization. 

Introduction 

Recently, the q-analogue of the derivative operator is paid more and more attention ever since the 

pioneering work of Jackson [1]. Usually, it is defined by 

( ) ( )
( ) : ,

(1 )
q

f x f qx
D f x

q x

−
=

−
 (1) 

where q is fixed and 0 1q< < . We call this the q-derivative of ( )f x . 

As J. Koekoek and R. Koekoek pointed out in [2], the definition as Eq. 1 is not valid for 0x = . 

Hence, they gave a new definition as follows, 

( ) ( )
, 0,

(1 )( ) :

(0), 0,

q

f x f qx
x

q xD f x

f x

− ≠ −= 
 ′ =

 (2) 

where q is a fixed real number not equal to 1 and f is differentiable at 0x = . Moreover, they also 

presented the expression for the high order q-derivative of f  at 0x = . The divided difference, as 

an important mathematical tool with a close relation to the derivative, is used not only in the 

interpolation [3], numerical differentiation [4], but also in the combinatorics [5], etc. 

In this paper, we investigate the connection between the q-derivative of higher order and the 

divided difference for any ,x q ∈�  but 1q ≠ , and provide the divided difference form 

representation for the high order q-derivative. 

Preliminaries 

Firstly, we introduce the requisite notation. Given an array of nodes 0 1 nx x x≤ ≤ ≤� , the divided 

differences of f are defined recursively by  
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1 2 0 1 1
0

0
0 1

( )

0 0

[ , , , ] [ , , , ]
, ,

[ , , , ]
1

( ), ,
!

n n
n

n
n

n

n

f x x x f x x x
x x

x x
f x x x

f x x x
n

−… − …
≠ −

… = 
 =


 

where 0 0[ ] ( )f x f x= . 

We put 1[ ] (1 ) / (1 ) 1n nn q q q q −= − − = + + +� , and define the q-factorial ! [1][2] [ ]qn n= � , 

where 0! 1q = . Then the q-multinomial coefficient may be defined by 

1 2 1 2

!
.

, , , ( )! ( )! ( )!

q

m q q m q

n

k k k k k k

n
=


 
 � �

 

where 1 2 mk k k n+ + + =� . Mostly, we will use the q-binomial coefficient 
,k n k

n

−


 
 

, which is  

written as 
n

k

 
 
 

. As for 
n

k

 
 
 

, it is the binomial coefficient which is 
!

!( )!

n

k n k−
. 

Now, we shall state some lemmas which will be needed in the proofs of our theorems. 

Lemma 1 For 0, 1q ≠ ± , we have 

[ ]

1

0

0, 0,1, , 2,

1, 1,
( )

, .

kin

i j
i

j i

k n
q

k n
q q

n k n

−

=
≠

 = … −


= = −
−  =

∑∏
 

Proof  Considering the divided difference of the function f at a sequence of nodes 1

0{ }i n

iq −
= , it is 

well known that 

1
1

0

( )
[1, , , ] .

( )

in
n

i j
i

j i

f q
f q q

q q

−
−

=
≠

… =
−∑∏

 (3) 

Let 1( ) 1, , , nf x x x −= … , respectively. According to [6], for 0,1, , 2k n= … − , the divided differences 

of kx  at 1

0{ }i n

iq −
=  are zeros, and the divided difference of 1nx −  at 1

0{ }i n

iq −
=  is equal to 1. Moreover, 

let ( ) nf x x= , then we have 

1
1

0

1
[1, , , ] .

1

nn
n i

i

q
f q q q

q

−
−

=

−
… = =

−∑  

Therefore, combine the above equation with Eq. 3, and we obtain the lemma. 

Lemma 2 (see [7]) Given an array of nodes 0 1 nx x x< < <� , we have 

0 1

0 1

0 1

1 11

0 1 0 1

0 1 0 1

1
[ , , , [ , , , ,

! !
]

!
]

n

n

n

k kk
k kk

n nk kk

n n

f x x x f x x x
k k k x x x

+ ++ ∂ ∂ ∂
… = ⋅ …

∂ ∂ ∂
�

�
 

where 
1ik

ix
+

 means that the point ix  is repeated 1ik +  times. 

Lemma 3 For x y≠ , suppose that ( ) ( )kf x  and ( ) ( )mf y  exist, then 
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( ) ( )
1 1

1 1
0 0

( ) ( )
[ , ] ( 1) ( 1) .

!( ) !( )

ν νk m
k m k ν m ν

m k ν m k ν
ν ν

m k ν m k νf x f y
f x y

k ν m νν x y ν x y

+ + − −
+ + − + + −

= =

+ − + −   
= − + −   − −− −   

∑ ∑  (4) 

In particular, for 0m = , we have 

1 1 ( )

0

( )
[ , ] ( ) ( ) ( ) .

!

νk
k k ν

ν

y x
f x y y x f y f x

ν

+ − −

=

 −
= − − 

 
∑  

Proof  From Lemma 2, we have 

1 1 1 ( ) ( )
·[

!
, ]

!

k m
k m

k m
f

f x f y
y

k m x y x
x

x y y

+ +  ∂ ∂
= + ∂ ∂ − − 

 

( ) ( )

( ) ( )

1 1
0 0

1 1 1 1
( ) ( )

! ( ) ! ( )

k ν m ν
k m

ν ν

m k
ν ν

k m
f x f y

ν νk x y m y x

− −

+ +
= =

       
= +       − −       

∑ ∑ . 

Hence, we immediately obtain Eq. 4. 

Main Results 

In this section, we present our theorems. 

Theorem 1 If assume that ( ) ( )nf x  exists at 0x =  for 1q ≠ , then the following formula holds 

( ) ! [ , , , ],n n

q qD f x n f x qx q x= …  (5) 

where ( )n

qD f x  is the nth order q-derivative of ( )f x . 

Proof  We will prove the theorem by induction for 1q ≠ ± , because for 1q = − , the result is 

trivial. Clearly, according to the definition of the divided difference, it is true for 1n = . Assuming 

that Eq. 5 are valid for 1n − , we show it also holds for n. Applying the definition of q-derivative of 

high order, we have 

1 1

1

1

0

( ) ( )
, 0,

( ) ( ( )) (1 )

( ( )) | , 0

n n

q q

n n

q q q

n

q x

D f x D f qx
x

D f x D D f x q x

D f x x

− −

−

− ′
=

 −
≠

= = −
 =

 

1 2

1

0

[ , , , ] [ , , , ]
( 1)! , 0,

(1 )

[ , , , ] [0,0, ,0]
( 1)! lim , 0.

n n

q

n

q
t

f x qx q x f qx q x q x
n x

q x

f t qt q t f
n x

t

−

−

→

 … − …
− ≠ −

= 
… − … − =

 

Firstly, we consider the case of 0x ≠ . According to the recurrence relations of the divided 

difference, we have 

1 2[ , , , ] [ , , , ]
[ , , , ] .

(1 )

n n
n

n

f x qx q x f qx q x q x
f x qx q x

q x

−… − …
… =

−
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Thus, for 0x ≠ , it follows that 

1
( ) ( 1)! [ , , , ] ! [ , , , ].

1

n
n n n

q q q

q
D f x n f x qx q x n f x qx q x

q

−
= − … = …

−
 

For 0x = , we divide the proof into two steps. 

Step 1: Suppose that 0q = . By the definition of the divided difference and Lemma 3, we have 

the followings, 

( ) ( 1)2 ( )1

11
0 0

1 (0) (0) (0)
( ) ( )

! ( 1)![ ,0 ] [0 ] !

ν nn νn
ν ν

nn n
ν ν

n

f f f
f t t f t t

x ν nf t f ν

x x t

−− −

−−
= =

 
− − −  −−  = =
∑ ∑

 

( )

1

(0)
( )

! [0 (1] ), 0.

n
n n

n

n

f
t o t

n f o t
t

+
+

= →+=  

Therefore, from ( 1)! ! 1q qn n− = = , it follows that 1

0 ( ) ! [0 ]n n

qD f x n f += . 

Step 2: In the case of 0q ≠ , it follows from Taylor's expansions that 

( )
( )

0

(0)
( ) ( ), 0, 0,1, 1.

!

kn
k

i i n

k

f
f q t q t o t t i n

k=

= + → = … −∑  (6) 

Hence, 

1

01

( )
[0 ]

( )
[ , , , ] [0 ]

.

in
n

i j
in n

j i

f q t
f

q t q t
f t qt q t f

t t

−

=−
≠

−
−

−
=

∑∏
�

 

Furthermore, it follows from Eq. 6 that 

1 ( ) 1
1

0 0

[ , , , ] [0 ] 1 (0)
[0 ] ( ) , 0.

! ( )

n n k ikn n
n n n

n i j
k i

j i

f t qt q t f f q
f t o t t

t t k q q

− −
−

= =
≠

 
−  

= − + → − 
 

∑ ∑∏
�

 

Due to Lemma 1, we have 

1 ( ) 1
1

0

[ , , , ] [0 ] (0)
(1) [ ] [0 ] (1), 0.

! ( )

n n n inn
n

i j
i

j i

f t qt q t f f q
o n f o t

t n q q

− −
+

=
≠

… −
= + = + →

−∑∏
 

Therefore the proof is completed. 

It is very useful that ( )n

qD f x  is represented by the divided difference of f  at the 

nodes , , , nx qx q x… . As an application of Theorem 1, we can easily verify the q-Leibnitz rule and its 

generalization in [8]. 

Example 1 0 1 1

1

0

1 1

( ) ( ), 0.i i

m

m m
k k k kn

q i q i

k k ni i

D f x D f q x k−+ + +

+ + == =

= =∑∏ ∏ �

�
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In particular, we have the q-Analogue of Leibnitz rule 

0

·[ ( ) ( )) .( )] (
n

n k n k k

q q q

k

n
D g x D f xf x g x

k
qD −

=

 
= ⋅ 

 
∑  

In fact, if let 
1

m

i

i

H f
=

= ∏ , it follows from Theorem 1 that 

( ) ! [ , , , ].n n

q qD H x n H x qx q x= …  

By the generalization of the Steffensen formula [9], we know that 

1

0 1 10 1

[ , , , ] [ , , ].i i

m m

m
k kn

i

k k k k n i

H x qx q x f q x q x−

−= < < < < = =

… = …∑ ∏
�

 

Furthermore, applying Theorem 1 to the above formula again, we obtain 

1

0 1 10 1 1
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Abstract. In order to provide the research of virtual prototype a complex 3-D virtual road 

environment based on a new method，a 3-D Pseudo Excitation Method stochastic road model was 

established based on the single-point Pseudo Excitation Method model, and then the simulation result 

was gained by Matlab.What’s more，based on the theory of triangle network，a general 3-D virtual 

road model with the arithmetic of nodes and elements was created.Then a specified 3-D virtual road 

file was imported into Adams to form the 3-D virtua1 road. Finally, a C-level virtual road was 

generated for the riding performance simulation of virtual vehicle.By comparing the simulation result 

with the GB／T 13441-92， the virtual vehicle’s reasonable time under the ride performance 

requirement was obtained. 

Introduction 

Along with the modern hydrodynamics’ development and integration application, the modern vehicle 

systems usually manifest nonlinear property. There are lots of random nonlinear problems in the 

nonlinear vehicle constitutive system and random road. As the important index in the cars comfort, 

many scholars have made progress in the riding comfort at home and abroad. At the same time, virtual 

prototype technology has been applied to the great extent, which is one of the most important 

methods. Meanwhile most of the virtual prototype technology usually focus on the design and 

performance of the prototype, the road condition of the virtual prototype is less researched[1]. At 

present, the authors have not studied on the complex 3-Dimensional road model universality, 

especially the one which is based on the Pseudo Excitation Method. 

The roughness of road models were studied in the process, which went through from linear to 

nonlinear, from frequency domain to time domain, from mathematic model to simulation output . For 

example, the time frequency model was studied from one point to multi-point, from one rut to double 

rut, from two-dimension to three-dimension process, at home and abroad. In China, there are many 

series of deep research about multi-point and double-rut model, especially the three-dimension 

random road model research which brought many useful productions[1]. But the 3-Dimension 

random road model system is still need to consummate and further. In this paper, the authors want to 

give a new kind of system with 3-Dimension random road, which can be more easily and quickly set 

up on Matlab. On the other hands, according to the vehicle riding performance, the authors finally also 

give the virtual prototype simulation in the condition of 3-Dimensional road model. 

  PEM between is accurate because the cross-correlation terms between the participant modes and 

between the excitations are both included in the results. It is also convenient to use because the 

stationary random analyses transformed accurately into harmonic non-stationary random easily 

analyses are ones, while transformed accurately into very solved deterministic transient ones. 
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Pseudo excitation method on the 3-dimensional random road 

Method introduction. There were four methods of Time Domain Model to describe the road 

roughness: the white noise method[2], the harmonic superpose methods[3], the disperse sampling 

methods based on the PSD[4], and the disperse time sequence method based on AR/ARMA[5]. But 

all of these methods could not obtain exact road roughness, the authors introduced a new method 

which could process directly the given power spectral density. Considering the effect of the vehicle 

natural vibration frequency and velocity completely, the simulation and analysis were done based on 

the C grade of the road which is used by this method. The road roughness was calculated by the 

Pseudo Excitation Method, which was also called fast complete quadric combination method. The 

pseudo-excitation method, in which random excitations are mathematically represented by a series of 

harmonic loads, is developed for vibration analysis of vehicle of closely spaced natural frequencies or 

equipped with discrete damping devices. By using this method, all cross-correlation terms between 

normal modes in a structural response can be retained naturally, and the non-orthogonal structural 

damping or stillness properties can be handled accurately. The accuracy of the method is validated 

which has proved an effective method by comparing with the transfer matrix method. A road 

roughness simulation is to be set to demonstrate the advantages of the suggested method.  

The altitude of one random sample of the road is showed below (Eq.1) 

)
2

(1

0

)()( r

n
r

N

kn
iN

k

qq efkfGnq

φπ +−

=
∑ ∆==                                                                                                                    (1) 

where 
))/((

)(
22

2

ufu
fkfGqq +
=∆=

απ
αβ

and u is the velocity, βα , is the constant of the road grade. 

There is an example of road roughness simulation, the α =0.12m
-1

, β =0.006m, 

u =50km/h=13.89m/s. The simulation extension and spatial frequency of statistical analysis are 

limited to 0.011m
-1 ≤Ω≤ 2.83m

-1
, which is corresponding to each other[1]

.  

 

                    
Fig. 1 3-Dimension   road roughness                    Table.1  z-direction roughness & standard model 

 

The differences from the PEM internal forces at the road roughness are those listed in the captions 

of Fig. 1. Not only did such peak values change by 21% for SH waves or 35% for P waves, but also the 

original symmetry in the responses was lost. This is because the symmetric modes do not participate 

in the seismic response when all supports move uniformly, for which the loading is anti-symmetric, 

whereas all modes participate in the seismic responses when the wave passage effect is taken into 

account, so that the support move ments do not exhibit any symmetric or antisymmetric behaviour. 

The above computations were executed on a Pentium-4 personal computer with main frequency 2.2 

GHZ and the z-direction roughness & standard model built by the three methods are listed in Table 1. 

When the ground motion is assumed to be uniform, it can be seen that although PEM and RSM 
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produce very close results, PEM is more excient than RSM. However, for the wave passage effect is 

very important and so the use of conventional RSM, which ignores it, is inappropriate. Although 

THM can account for this effect, computation is required for quite a few samples in order to obtain a 

reliable statistical average, which is very time consuming, whereas PEM is both reliable and excient. 

Comparatively, the incoherence effect is not so important as the wave passage effect, whereas it is 

computationally very expensive. Therefore for ordinary road roughness which are not of very special 

importance, this factor can be neglected, but the wave passage effect must be considered.  

For multiple excitation problems, the PSD matrices of the ground acceleration excitations have the 

form 
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This new method is frequency field simulation of pseudo-excitation method(PEM) and the method 

of mathematical modeling for automobile vibration structure based on ideas of finite element method 

and the numerical simulation method of time field based on variation theories. They have been 

applied to study modeling and simulation of automobile ride comfort, good conclusions have been 

gained[6-8]. 

  The basic principles of PEM, particularly the analysis  for  spatial effects,  are presented in  this  

paper. Additionally, numerical results are given for a real road, and these are compared with those 

obtained from the conventional FFT. It is shown (in Table.1)that if all ground nodes are assumed to 

move uniformly, the two methods give quite close results. However, when the wave passage effect is 

taken into account, the results given by FFT and by PEM are quite close together. Steps of 

pseudo-excitation method applied are introduced for simulation of automobile ride comfort. Different 

characteristics between FFT and PEM are compared between pseudo-excitation method and Fourier 

analysis method. Effectiveness of pseudo-excitation method is discussed for simulation of full 

automobile ride comfort[9-12]. Results show that pseudo-excitation method is equal to Fourier 

analysis method for simulation of automobile ride comfort, but it is better than Fourier analysis 

method. Moreover, the results given by the conventional FFT can deviate from them considerably 

because RSM ignores the spatial effects. Of the two methods, PEM alone is both quite easy to use and 

very efficient[13]. 

Stationary random vibration pseudo-excitation method is a new method for simulation of 

time-frequency field, but it is seldom applied in auto domain. Based on different characteristics of 

pseudo excitation, pseudo excitation can be noted as single-point pseudo excitation and 

generalized-point pseudo excitation and multi-point pseudo excitation. Basic theories of stationary 

random vibration pseudo-excitation method are discussed from simple to more difficult ones, 

rigorous derivations are given, which further enrich and perfect theory of pseudo-excitation 

method[14-16]. 

Based on ideas of finite element method  automobile vibration structure is divided, element and 

global analysis are done, bind disposals were disposed as forced displacements, then, matrixes of 

factors for mathematical model of automobile vibration structures, assembly method of matrixes of 

factors is introduced. Mathematical model of automobile vibration structures is assembled by hand, 

and effectiveness of method is tested for mathematical modeling[17]. Modules are programmed for 

element analysis and global analysis and bind disposals. So the matrixes of factors of mathematical 

model can be assembled not only by hand but also by program, flexibility of method is indicated, the 

problems are resolved for complex of mathematical model of automobile vibration structures. 

 

 

384 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

 

Summary 

This paper discusses virtual excitation method and constructs virtual road excitation for discussing 

the feasibility of this method applied to automotive random vibration. According to one quarter 

freedom model of automobile,the frequency-response characteristics of the system and system 

vibration responses are deduced based on virtual excitation method,a new method is put forward for 

calculating power spectrum density of system vibration responses,and an example is given for 

automotive random vibration.The results show that virtual excitation method is a more simple 

research method in comparison with Fourier analysis method. In this result, we can see the road 

roughness can be set up in the 3-Dimension. The result is compared with standard picture, and they 

are close to each other. 
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Abstract: The No Balance Assignment Problem (NBAP) is mainly resolved by changing it into 

Balance Assignment Problem (BAP) and using classical algorithm to deal with it now. This paper 

proposed Searching Best strategies Algorithm (SBSA) to resolve this problem, and it needn’t to 

change NBAP into BAP. SBSA resolves NBAP based on searching the best answer of the cost 

matrix. This algorithm’s theory is simple, and it is easy to operate. The result of the research 

indicate that the algorithm not only can deal with NBAP, but also can deal with BAP and other 

problems such as translation problem. 

Introduction 

The assignment problem (AP) is that some jobs be assigned to some workers so that the cost (or 

income) is smallest (or largest). Suppose there are m  jobs and n  workers. AP is named no 

balance assignment problem (NBAP), when nm ≠ . When nm = , AP is named balance 

assignment problem (BAP). Now the method often be used to deal with NBAP is changing the 

NBAP into BAP, and so resolved by Hungarian Approach (HA) or GA. 

Hungarian Approach has two defects
[1]

. 

The first is in the second step of HA. It uses the method that “try to assign” to find the 

independence zero elements. The theory is simple and getting the elements is quickly, but there are 

!n  perhaps lines for these elements to a nn×  matrix. 

The second is in the third step of HA. In this step, using the least number of lines cover all the 

zero elements. One time the rows are covered, one time the columns are covered in the course, 

especially the theory of the method is hard to understand for most of the people. They have to do 

the job according to the book step by step, if there are not book about HA, people hardly finish the 

job. 

GA is fast in the large-scale calculation, but the answer perhaps is not the best . 

So this paper proposed Searching Best Strategies Algorithm (SBSA). This algorithm’s theory is 

simple, and it is easy to operate and program by compute. 

NBAP’s SBSA 

Let us suppose that there are m  jobs and n  workers, n m≥ , and one worker does one job or 

doesn’t do job, and every job must be done. The cost that job i  is assigned to worker j  is 
ij
c , 

and looking for an assignment strategy make the cost is least. 

The SBSA is an advanced greedy method. Because every job must be done by one worker, so if 

the children assignment strategy’s cost is least, the cost is the least. The algorithm is that look for 

© (2011) Trans Tech Publications, Switzerland
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the least cost in every cost matrix. Since mn ≥ , and every job must be taken, so when a job only 

can be done by one worker, the job must be assigned to the worker. According to this principle, and 

we got the SBSA’s process. 

The SBSA’s Process 

Step1: Building the cost matrix C , and the cost job i  be assigned to worker j  is ijc . If 

worker j  can’t undertake job i , 0=ijc . 

Step2: Judging whether there are rows that only one element is not zero, if there are these rows, 

and the position of the not zero element is ),( ji , the job i  would be assigned to worker j . All 

elements of the row and column that the not zero element in were changed into zero. 

Step3: Looking for the minimal elements of the matrix, and marked the position of the elements. 

If only one minimal element, we would choice the method of the element. If there were more than 

one minimal elements, for example there were n  minimal elements, put all the elements of the 

row and column that the minimal element in into a row from little to large, then we would get n  

rows. Compared the elements in the same position of the rows from first position,, until only one 

maximal element in the same position of the rows or reach the last position, then stop comparing, 

and choice the method of the element that its row has the maximal element, and all elements of the 

row and column that the element in were changed into zero. 

Step4: do step2 and step3, until all jobs were assigned. 

2.2 The Advantage Of SBSA 

Comparing to HA and GA, SBSA has its advantage. 

First, the theory of SBSA is simple, and it’s easy to operate. It needs to create the cost matrix 

only, and get the strategy by operating the matrix. It is simpler than HA and GA. 

Second, the answer get from SBSA is better than other algorithms. From the step3, SBSA looks 

for the minimal element from overall situation, while get rid of the largest element, makes the later 

elements almost little, so get the best answer. 

Third, this algorithm has wild use. The algorithm could deal with every assignment problem, 

and this algorithm can also deal with other problems, such as translation problem. 

Simulation 

For example, there were 7 jobs and 13 workers. Every job only was done by one worker, the cost 

matrix was: 
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First, judging whether there were rows that only one element was not zero, there was not this row. 

Then looking for the minimal element, there was only one minimal element in matrix C, that is 1, 
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the position was (2,4), so job 2 was assigned to worker 4, the cost is 1, and the elements of row 2 

and column 4 were changed into zeros. Then the cost matrix was: 
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Continue to judge whether there were rows that only one element was not zero, there was not this 

row. Then looking for the minimal element, the minimal element was 1.5, and there were two, the 

positions were (4, 6), (4,11), and they were in the same row, so we only need to put the elements of 

the columns that they were in into two rows, one was 4.5, 5, 5, 6, the other was 2,  3,  4. 

Comparing the elements of the first position, because 4.5>2, we selected the first, so the job 4 was 

assigned to worker 6, the cost was 1.5, and the elements of row 4 and column 6 were changed into 

zeros. Then the cost matrix was: 
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Continue to judge whether there were rows that only one element was not zero, there was not this 

row. Then looking for the minimal element, the minimal element was 2, and there were seven 

minimal elements, the positions were (1,1), (1, 11), (3, 10), (5, 2), (5,8), (6, 9), (6, 13), the elements 

of the row and the column that the minimal elements in put into seven rows, that was: 
2    2.5    3    3   3.5   4    4    4    5    5    7 
2    3     3    3    3.5   4    4    4    5    7 
2.5  3      4    4    5    5    5    6    6    8 
2    3     3    3.5   4    4    4    5    5    6    7   8 
2    3     3.5   4    4    4    4    5    5    6    7   8 
2    3     3     3    3   3.5  3.5   4    4    6    8 
2    3     3    3.5   4    4    4    4    6    8 
 

Continue to comparing the elements in the first position of these rows, 2.5 was the maximal 

element, and only one maximal elements, so we selected (3,10) as the choice. Since, the job 3 was 

assigned to worker 10, and the cost was 2, and the elements of row 3 and column 10 were changed 

into zeros. Then the cost matrix was: 
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Continue to judge whether there were rows that only one element was not zero, there was one 

row——seventh row, the non zero element was 3, position was (7,11), so job 7 was assigned to 

worker 11, the cost was 3, and the elements of row 7 and column 11 were changed into zeros. Then 

the cost matrix was: 
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As this way, we got the strategy that was (2, 4), (4, 6), (3, 10), (7, 11), (1, 1), (5, 8), (6, 13), and 

the cost of the children strategy were 1, 1.5, 2, 3, 2, 2, 2, the cost of the strategy was 13.5. 

Next, we used GA to resolve the problem. In order to operate easily, the strings of the population 

were made up of integers, and the length of the strings is 20. The integers in the first seven positions 

expressed jobs, and the integers in the next thirteen positions expressed the workers. The strategy of 

the strings was that the job that was expressed by the integer in the first position was assigned to the 

worker that was expressed by the integer in the eighth position, and the job that was expressed by 

the integer in the second position was assigned to the worker that was expressed by the integer in 

the ninth position, and so on. The population size was 30, and the crossover probability was 0.8, 

and the mutation probability was 0.01, and the generation was 50, and the first population was 

random produced by computer. By this algorithm, the least cost was 15,  and the strategy was (1,1), 

(3,10), (7,11), (4,5), (2,3), (5,2), (6,9). 

The SBSA’s answer was better than GA’s from the simulation, and the time that SBSA used by 

computer was shorter than GA’s. For this example, SBSA was better than GA. 

Summary 

This paper proposed SBSA for NBAP, the algorithm’s theory is simpler than other algorithms’ that 

deal with NBAP, and the operation and programming by compute is easier than other algorithm. 

The simulation proved that SBSA is better than GA, and when the cost matrix is not too large, 

SBSA’s calculating speed is similar to GA, even more quickly than GA, and the algorithm also can 

deal with BAP and other AP. 
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Abstract. In this paper, we consider Hermitian and skew-Hermitian solutions to a certain matrix 

equation over quaternion algebra H. Necessary and sufficient conditions are obtained for the 

quaternion matrix equation * *AXA BYB E+ =  to have Hermitian and skew-Hermitian solutions, and 

the expressions of such solutions are also given. As an application, the common skew-Hermitian 

g-inverse of quaternion matrix A and B is considered. 

Introduction 

In 1976, Khatri and Mitia [1] gave the general Hermitian solution to the matrix equation  
*AXA B=                                                                                                                                                                    (1) 

over the complex field, necessary and sufficient conditions for (1) to have a Hermitian solution are 

derived. There have been many papers to discuss the equation (1) (e.g., [1-9]). For instance, Groß [4] 

investigated it in 1998. Wei and Wang [7] considered the rank-constrained least square Hermitian 

nonnegative-definite solution of (1). Zhang and Cheng [8] studied rank-constrained Hermitian 

nonnegative-definite solution of (1) by using SVDs. Recently, Liu, Tian and Takane [9] present 

explicit formulas for the maximal and minimal ranks of Hermitian and skew-Hermitian solutions of 

(1) over the complex field. 

Hermitian and skew-Hermitian solutions have been widely discussed in matrix theory, which are 

very useful in engineering problems, linear system theory and numerical analysis, and others. 

Investigating Hermitian and skew-Hermitian solutions to certain matrix equations over quaternion 

algebra H is a significant part of matrix theory. Motivated by the work mentioned above, and keeping 

the applications and interests of quaternion matrix in view (e.g., [10-13]), in this paper we consider 

the generalization of the equation (1), and obtain Hermitian and skew-Hermitian solutions to certain 

matrix equation over quaternion algebra H. In Section 2, we give necessary and sufficient conditions 

for the existence and the expressions of Hermitian and skew-Hermitian solutions to the quaternion 

matrix equation 
* *AXA BYB E+ = ,                                                                                                                          (2) 

where ,  ,   and  ,  m n m m n n n nA B H E H X H Y H× × × ×
∈ ∈ ∈ ∈ are unknown. As an application, the 

common skew-Hermitian g-inverse of quaternion matrix A and B is considered. 

Throughout this paper, we denote the real number field by R, the complex number field by C, the 

set of all m×n matrices over the quaternion algebra 
2 2 2

0 1 2 3 0 1 2 3{  |  1,   , , ,  }H a a i a j a k i j k ijk a a a a R= + + + = = = = − ∈  

                                                           
*
 This research was supported by the Research Fund Special Contract of Binzhou University (BZXYKJ0802), and the 

Binzhou University Field Grade Bilingual Curriculum Project (2008 No. 01). 
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by m nH × , the identity matrix with the appropriate size by I, the transpose of a matrix A by TA , the 

column right space of A over H  by R(A), and the row left space of A over H  by  N(A). †A  stands for 

the Moore-penrose inverse of a matrix A, which is defined to be the unique matrix X satisfying the 

four matrix equations 
* *( ) ,  ( ) ,  ( ) ( ) ,  ( ) ( ) .i AXA A ii XAX X iii AX AX iv XA XA= = = =  

Moreover, AR and AL stand for the two projectors † †,  A AR I AA L I A A= − = −  induced by A. 

(Skew-) Hermitian solutions of the quaternion matrix equation (2) 

Lemma 1. (see Lemma 2.1 in [11]) Let ,  m n m qA H C H× ×
∈ ∈ be known and m qX H ×

∈  unknown. 

Then the matrix equation 

 AX C=  

has a solution if and only if 

 † .AA C C=  

In this case, the general solution is 

 † † ,X A C U A AU= + −  

where n qU H ×
∈  is any matrix. 

The next lemma is due to Khatri and Mitia [1], which can be generalized to H. 

Lemma 2. Let ,  m n m mA H B H× ×
∈ ∈  and *B B= be known and n nX H ×

∈ unknown. Then the matrix 

equation (1) has a Hermitian solution if and only if 
† .AA B B=  

In that case, the general Hermitian solution of the matrix equation (1) is 
† † * *( ) ,A AX A B A L V V L= + +  

where n nV H ×
∈ is any matrix. 

The following Lemmas are due to Wang [12], which can be generalized to H. 

Lemma 3. Let ,  ,  ,  ,   and  ,m n p q m r s q m q n q r sA H B H C H D H E H X H Y H× × × × × × ×
∈ ∈ ∈ ∈ ∈ ∈ ∈  are 

unknown. Let ,  ,  ,  ,  .A B M D SM R C N DL S CL T R N G R C= = = = =  Then the matrix equation 

AXB CYD E+ =  

is consistent if and only if 
† † † †,  .A A B BMM R ED D R E CC EL N N EL= =  

In that case, the general solution of the matrix equation is of the form 
† †

† † † † † † † †

 ( )

 ( ) ( )

A B

A M M G D

X A E CYD B L U ZR

Y M R ED L V S SVNN L S CL WTN W G GWTT R

= − + +

= + − − + −

 

where U, V, W, Z are any matrices over H with appropriate sizes. 

Lemma 4. Let ,  m n n nA H C H× ×
∈ ∈  be known, and n mX H ×

∈ unknown. Then the matrix equation 
* *A X X A B± =                                                                                                                                  (3) 

has a solution if and only if 
*,  0.A AB B F BF= ± =  

If the matrix equation (3) has a solution, then the general solution is 

† *( )X A B= −
† *1

( )
2
A B † † † † † * *1 1

( )
2 2

A A AA W AA WA A W A W A− + + ∓                                            (4) 

where n mW H ×
∈  is any matrix. 

Proof. This proof is just like [10], so we omit it here.                                                                            

Theorem 5. Let ,  ,  and  ,  m n m m n n n nA B H E H X H Y H× × × ×
∈ ∈ ∈ ∈ are unknown. Let 

* , , ,A A MM R B N R C G L B= = =  
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† * ( )T BM N B= −
†M N . 

Then system (2) has a Hermitian solution if and only if 
*,E E= † † ,MM NBB N=                                                                                                                 (5) 

0.G GL TL =                                                                                                                                       (6)   

In that case, the Hermitian solutions of system (2) over H can be expressed as the following 
† * ( )X A E BYB= −

† * *( ) A AA L U U L+ +  
† ( )MY M N L V= +

*( )B † † † *( )M B B BB M N L V L L PL+ + + ,                                                                 (7) 

where n nU H ×
∈  is any matrix, P is an arbitrary Hermitian matrix over H, and 

† *( )V G T= −
† *1

( )
2
G T † † † † † * *1 1

( ) ,
2 2

G G GG W GG WG G W G W G− + + −                                      (8) 

where n nW H ×
∈  is any matrix.  

Proof. If the matrix equation (2) has Hermitian solutions * *

0 0 0 0,  X X Y Y= = , then 
* *

0 0AX A BY B E+ = . 

Obviously, *E E= . It follows from Lemma 3 that (5) holds and 
* *

0 0AX A E BY B= −                                                                                                                          (9) 

has a Hermitian solution 0X . By Lemma 2, (9) has a Hermitian solution, yields 
*

0 .MY B N=                                                                                                                                         (10) 

Since 
† *

0(M MF F Y B −
† * *

0 0) MM N F Y B Y B= = −
† * *

0 0M MY B Y B= −
† ,M N  

by Lemma 1, 
*

0MF V Y B= −
†M N  

has a solution. There exists 0V  such that 
*

0 0MF V Y B= −
†M N  

i.e., 
*

0 0MBF V BY B B= −
† .M N  

Hence,  
* *

0 0G V V G T− =                                                                                                                                  (11) 

has a solution 0V , yields 0G GL TL =  by Lemma 4. 

Conversely, suppose that (5) and (6) hold, it can be verified that the matrix X,Y of the form (7) are 

solutions of (2). Now we show that X, Y in (7) are Hermitian matrices. From *E E= , we only need to 

show Y  is a Hermitian matrix. 

Let 
†( )MS M N L V= +

*(B †) † † *( ) ,M BB M N L V L+ +  

i.e., 
*S =

†B † *( )M BM N L V L+ +
†( )MM N L V+

*( )B †.  

Then S is a Hermitian matrix if and only if 
†

MB BF *( )V B † † *( ( )MB BF V B−
† *) (B=

† † *( )BM N B † *) B− † † *( )BM N B †.                                 (12) 

By (6) and Lemma 4, matrix equation (12) has a solution and the general solution is of the form (8). 

For such solution V of (8), we obtain 
† * * *( )( )B G V VG B−

† † *( )B T B=
† † † *( ( )B BM N B=

† *) B− † † *( )BM N B † ,                                    (13) 

which is equal to (12), yields *S S= . 

From *,  ,B BY S L PL S S= + =  

Y is a Hermitian matrix. Obviously X is a Hermitian matrix. 
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Finally, let 0X , 0Y  be arbitrary Hermitian solutions of (2), then there exists 0V of the form (11), 

such that *

0 0MF V Y B= −
†M N . 

Let  0 0 0,  ,  U X V V P Y= = =  in (7), we have that 0X , 0Y  can be expressed as the following 
† *

0 0( )X A E BY B= −
† *

0 0( ) A AA L X X L+ + , 
†

0 0( )MY M N L V= +
*( )B † † † *

0 0( )M B B BB M N L V L L Y L+ + + . 

When *E E= − , we can get some similar result, the proof is omitted.                                                   

Theorem 6. Let ,  ,  and  ,  m n m m n n n nA B H E H X H Y H× × × ×
∈ ∈ ∈ ∈ are unknown. Let 

* , , ,A A MM R B N R C G L B= = =  

† * ( )T BM N B= +
†M N . 

Then system (2) has a skew-Hermitian solution if and only if 
*,E E= −

† † ,MM NBB N=                                                                                                                  

0.G GL TL =                                                                                                                                         

In that case, the skew-Hermitian solutions of system (2) over H can be expressed as the following 
† * ( )X A E BYB= −

† * *( ) A AA L U U L+ −  
† ( )MY M N L V= +

*( )B † † † *( )M B B BB M N L V L L PL− + + ,                                                                  

where n nU H ×
∈  is any matrix, P is an arbitrary skew-Hermitian matrix over H, and 

† *( )V G T= −
† *1

( )
2
G T † † † † † * *1 1

( ) ,
2 2

G G GG W GG WG G W G W G− + + +                                       

where n nW H ×
∈  is any matrix.  

Let 1 2 3 4A A A i A j A k= + + + be a square matrix over H. A matrix X is called a (skew-) Hermitian 

g-inverse of A, denoted by ( )h shA A− −  if it satisfies AXA A=  and * *( )X X X X= = − . 

Corollary 7. Let ,  m nA B H ×
∈  be given. Let † † *,  ,  ,  .A EE BL G R B T B E F BA B D= = = = −  Then A, 

B have a common skew-Hermitian g-inverse, if and only if 
* *,  A A B B= − = − , † † † † † † 0BB FEE EE FBB EE FEE F+ − − = . 

In that case, the common skew-Hermitian g-inverse of A, B can be expressed as 
† * *

0 0A A A AX A F V V F F Z ZF= + − + − +
† † † *B BZE E E EZ−

†B B  

* * *1 1
( )

2 2
T ZT TZ T+ − +

† *(E EZ T † † † ),T TT ZE E−                                                                            (14) 

where n nZ H ×
∈  is arbitrary, and 0V is defined by 

† † *

0

1 1
( )

2 2
V B F E= −

† † † † *( )B EE F E BG +
† † *1

( ) .
2
G F E  

Summary 

In this paper, we have derived necessary and sufficient conditions for the existence and the expression 

for the general (skew-) Hermitian solutions to system (2) over H. As an application, we have 

presented the common skew-Hermitian g-inverse of quaternion matrix A and B. Some known results 

can be viewed as the special cases of this paper. Moreover, investigating the maximal and minimal 

ranks of the Hermitian solutions to system (2) over H is also an interesting and important further 

research topic. We will solve this problem in another paper. 
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Abstract. In order to investigate the crack pattern and ductility of connection composed of cross 

shaped steel encased ultra high strength concrete (CSSEUHSC) columns and steel encased concrete 

(SEC) beams under cycle loads, six interior connection specimens were tested in the laboratory. It was 

found that cracks appeared in the connection core regions and at the beam end for all specimens, and 

all the connections behaved in a ductile manner and failed in bending with a beam plastic hinge and 

shearing in the connection core region. The experimental results indicated that test parameters of 

connection composed of CSSEUHSC columns and SEC beams with good crack resistance 

performance may be referred for engineering application. 

Introduction 

After cracks appeared in beam-column connection region under earthquake load, columns and 

beams adjacent to the connection can not continue to work effectively. Especially for the structures in 

the corrosive environment, crack resistance capacity is required highly. So it was necessary to study 

the behavior and calculation of crack resistance in the connection core region. Steel encased ultra high 

strength concrete (100MPa) structure is more and more widely used in the high-rise and long-span 

buildings 
[1]

. But many researches 
[2, 3]

 on crack resistance of beam-column connection are focused on 

the traditional concrete ranged 30 MPa to 70 MPa. So the writers will study crack pattern of 

connection composed of CSSEUHSC columns and SEC beams under cycle load based on performed 

experiments 
[4,5]

 in this paper. 

Experimental program 

Description of the specimens. A total of six specimens were designed to represent approximately a 

half-scale model of prototype connection composed of CSSEUHSC columns and SEC beams used in 

high-rise buildings. The square column of six specimens had the same cross-section of 220 × 220 mm 

and height of 1500 mm, and the rectangular beams of six specimens had the same cross-section of 180 

× 250 mm and length of 2220 mm. The specimens consisted of the shaped steel, longitudinal 

reinforcement, hoop reinforcement and concrete. The configuration of specimen is shown in Fig.1. 

Material properties. The ultra high strength concrete (UHSC) mix was designed for the connection 

region and column. The mix proportions for 1 m
3
 UHSC consisted of 144 kg water, 420 kg Type PII 

52.5R cement, 60 kg silica fume, 120 kg Class-I fly ash, 1155 kg coarse aggregate, and 495 kg sand. 

The water-to- cementitious materials ratio was 24%. Type Sika-3301E superplasticizer was also used 

to improve workability and setting time. The cube compressive strength values of concrete used in the 

connection core region and column are list in  Table 1. The cube compressive values used in the beam 

were approximately 35 MPa. 

Steel coupons cut from the specimens were tested to determine their yield strength  and ultimate 

strength of the shaped steel. Three coupons were taken from the flange and web plates of the section. 

The strengths of the longitudinal reinforcement and hoop reinforcement were also tested. The average 

test values are summarized in Table 2. 

© (2011) Trans Tech Publications, Switzerland
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Fig.1 Connection configuration (unit: mm) 

 

Table 1 Summary of specimen information 

Specimen 

designation 

Cube compressive 

strength used in 

the connection 

core region [MPa] 

Stirrup 

spacing 

[mm] 

Volumetric 

stirrup 

ratio [%] 

Applied 

axial 

load ratio  

µ 

SSRC-II-40-1.0 96.3 119 1.0 0.40 3.04 

SSRC-II-35-1.6 102 75 1.6 0.35 3.65 

SSRC-II-40-1.6 105.4 75 1.6 0.40 3.50 

SSRC-II-45-1.6 98.7 75 1.6 0.45 3.23 

SSRC-II-40-2.2 103.8 54 2.2 0.40 3.56 

SSRC-II-45-2.2 103.8 54 2.2 0.45 3.42 

 

Table 2 Measured mechanical properties of structural steel and reinforcement 

Material Yield strength [MPa] Ultimate strength [MPa] 

6 382 551 

8  470 661 

14 357 469 

16 391 571 

I14 254 368 

 

Loading history. The lateral loading history of the connection was generally based on the 

JGJ101-96
[6]

 for cyclic testing. The axial load was applied up to the design level on the top of the 

column and was kept constant during the test. The cyclic lateral loads were imposed vertically at the 

ends of the beams using force-control before the specimen yielded, then using displacement-control 
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after the specimen yielded. Cycles were then taken to lateral yielding displacement levels of ∆y, 2∆y, 

3∆y, 4∆y, et al. Loading was repeated only once at each control point before the specimen yielded and 

repeated cubic at each control point to obtain the degraded curve of restoring force after the specimen 

yielded. The adopted loading history is shown in Fig. 2. 

Test setup. The test setup for simulating the loading state of connection is illustrated in Fig.3. 
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Fig.2 Typical loading history                               Fig.3 Test setup and measurement 

Ductility  

The displacement ductility is required to ensure ductile response and evaluate the deformation 

capacity. A displacement ductility coefficient (µ) is defined as the ratio of the ultimate displacement 

(∆u) corresponding to 15% drop in the strength from the peak value to the yielding displacement (∆y), 

namely µ=∆u/∆y. The ultimate displacement and yielding displacement of connections were 

determined according to “energy method” shown in Fig.4. Table 1 shows the displacement ductility 

coefficients of all specimens.  

It was shown that displacement ductility coefficient increased with increasing volumetric stirrup 

ratio and decreased with increasing applied axial load. 
 

                                           

CSSEUHSC column

SEC beam

①

②
③

④

⑤

 

Fig.4 Definitions of yield and failure points                      Fig.5 Main cracks progression 

 

           

Fig.6 Crack patterns of specimens at a drift angle of 1% 
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Crack pattern 

Cracking pattern can provide useful information regarding the failure mechanism of each 

specimen, so the cracking pattern was carefully marked and recorded during the experiments. For all 

specimens, the main progression of cracks is demonstrated in Fig.5. The primary crack ① and ② 

formed in the portion of the beams adjacent to the beam-column interface and at the beam end, while 

the cyclic lateral load reached at approximately 13% of peak load. With an increase of reversal cycle 

load, the concrete ③ was crushed for most specimens during the 3% and 4% drift angle stages. At 

approximately 64% of peak load, some cracks in the connection core region started and spread in 

diagonal direction, and crack ④and crack ⑤ formed during the 2% and 3% drift angle stages. 

The crack patterns of specimen at a drift angle of 1% are shown in Fig.6. During the 3% and 4% 

drift angle stages, the cyclic lateral load became maximum (namely peak load, approximately 95 kN), 

and no cracks started and the width of cracks relatively stopped increasing. Major cracks were 

concentrated in the connection core region and and at the beam end. during the 5% drift angle cycles, 

the cyclic lateral load decreased to 85%～90% of its peak load. 

Conclusions 

This paper had described a series of new tests for connection composed of CSSEUHSC columns 

and SEC beams. A discussion on the ductility and crack pattern had presented. From the results of this 

paper, the following conclusions may be drawn: 

(1) The displacement ductility coefficient of connection composed of CSSEUHSC columns and 

SEC beams ranged from 3.04 to 3.65, while displacement ductility coefficients of the concrete 

connection and steel reinforced concrete connection are 0.2 and 0.4 approximately.  

(2) All the connections behaved in a ductile manner and failed in bending with a beam plastic hinge 

and shearing in the connection core region as the traditional reinforced concrete connection subjected 

to reversal cycle load. 

Acknowledgements 

The research reported in the paper is a part of the Project 50878037 supported by National Natural 

Science Foundation of China, Project LP1015 supported by Open Foundation of State Key Laboratory 

of Coastal and Offshore Engineering and Project 20100471445 supported by China Postdoctoral 

Science Foundation. Their financial supports are highly appreciated. 

References 

[1] J. Hegger. High-strength Concrete for a 186 m High Office Building in Frankfurt, Germany. 

Engineering Structures, Vol.18 (1996). p.850 

[2] J. R. Tang, X. H. Chen. Behavior and Calculation of Shear Capacity of Steel Reinforced 

Concrete Beam-column Joint. Journal of Building Structures, Vol.11(1990). p.28  

[3] H. X. Zhang, L. G. Wang, W. N. Wang. Crack Resistance Behavior of the Joint of HSRC 

Column and HRC Beam under Low Reversed Cyclic Horizontal Loading. Journal of Shenyang 

Architecture and Civil Engineering University, Vol.19(2003). p.178  

[4] C. W. Yan. Study on Seismic Performance of Steel Reinforced Ultra High Strength Concrete 

Frame Connection. PHD Thesis. Dalian University of Technology, China (2009) 

[5] C. W. Yan, J. Q. Jia, J Zhang. Crack pattern and ductility of steel reinforced ultra high strength 

concrete composite joint subjected to reversal cycle load. Key Engineering Materials, 

Vol.417-418(2010). p.845 

[6] JGJ101-96. Specification for test methods of seismic buildings. Beijing: Architecture Industrial 

Press of China (1997) 

Shaobo Zhong, Yimin Cheng and Xilong Qu 399WWW.BEHSAZPOLRAZAN.COM



 

Kinematic/Dynamic Simulation of Gear System of 

Tunnel Boring Machine 

 

Lida Zhu1,2, Haifeng Zhao2, Mingliang Zhang3, and Wanshan Wang1
 

1School of Mechanical Engineering and Automation, Northeastern University, 110004, China 

2Northern Heavy Industries Group Co., Ltd,Shenyang, 110027,China 

3Shenyang Yuanda Aluminum Industry Engineering Co., Ltd,Shenyang, 110027,China 

zld1999@gmail.com 

Keywords: Tunnel boring machine; Kinematics; Dynamics; Gear System; Simulation 

Abstract. Gear system of tunnel boring machine is simulated and analyzed in kinematic/dynamic 

based on virtual prototype to ensure stability in motion process.  The three-dimensional model is 

built by using SolidWorks software and gear system of virtual prototype is simulated by using 

ADAMS. The angular velocity of gears and force curves between gears and shaft are got by 

simulation to analyze kinematically and dynamically, so the method can provide reference of 

dynamic optimization design.  

Introduction 

Tunnel boring machine is of necessary for underground construction and water conservancy and 

electricity. The design theory is not enough perfect and manufacturing technology is not reasonable 

in tunnel boring machine; therefore the key component need be researched. Gear transmission is a 

very important component in tunnel boring machine. Deformation and vibration will be emerged by 

support load and dynamic transmission process in Gear system of tunnel boring machine, which 

directly affect motion stability. Therefore, it is necessary of simulation analysis in kinematic and 

dynamic for gear system to forecast and improve before physical prototype manufacturing to ensure 

design feasibility and save development time [1-3]. 

The gear virtual prototype model is built using co-simulation method in SolidWorks and ADAMS 

software. Firstly, three-dimensional model is created by SolidWorks software, and then transformed 

ADAMS to virtual prototype model after adjusting model. Finally, the kinematic/dynamic 

simulation is realized to get angle velocity and force curves, which provides reference for motion 

stability [5-6].     

Virtual prototype modeling of gear system  

There are many CAD/CAM softwares applying industry at present, such as SolidWorks, Pro/E, UG, 

CATIA.  SolidWorks has many advantages, which makes the best of graphical user interface in 

Microsoft Windows and provides convenience in design.Table.1 shows some basic parameters of 

gear, such as gear number, modulus, pressure angles and width of gear. 

Involutes parameters equation is as following: 

                  
(cos sin )

(sin cos )

b

b

x r

y r

α α α

α α α

= +


= −
                             (1) 

Where, x, y is respective coordinate value in involutes. rb is basic radius. α  is angle of involute in 
basic circle. 

According to index and parameter gear in design, three-dimensional modeling of gear and shaft are 

created by using extend and removal Command in SolidWorks, and figure.1 shows assemble of 

gear. 
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Tab.1 Geometry parameters of gear  

 Gear number Modular Width of gear  Pressure angle 

Small gear 25 4 22 20 

Big gear 42 4 22 20 
 

 

     Fig.1 Assemble model of gear 

The virtual prototype model of gear is realized in ADAMS software. Firstly, three-dimensional 

model is created by SolidWorks software, and then transformed ADAMS to virtual prototype model. 

There are three graphics interchange formats that are respectively STEP, IGES and Parasolid. 

Parasolid format can avoid data lost during exchange of file, which is very important for validity of 

simulation results[7]. Fig.2 (a) shows three-dimensional model of gear into ADAMS/View using 

Parasolid format. 

 

    

(a)                                     (b) 
Fig.2 Virtual prototype mode of gear system 

The steps of modeling of gear system: 

1.  Some parts need be renamed, such as small gear, big gear and shaft. 

2. Material property is added to part. For example, material of gear is defined steel. In order to 

simulate real environment, aggravation will be set in ADAMS. 

3. Constraint relation is added between parts, such as shifting pair, revolute joint ,hinges and so on. 

4. When you create or modify a gear, you specify or change the revolute, or cylindrical joints 

located the marker defining the point of contact between the geared parts. 

5. Self-checking results are very important in ADAMS/View before adjusting relative among gears 

and shafts. Constraint relation and the degree of freedom are validity by self-checking results. 

At present, the broadly applied software is ADAMS in virtual prototype. Three dimensions FEM of 
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spindle is divided into thousands of elements with proper element type, and set its attributes and 

corresponding parameters. For connecting rigid bodies with flexible bodies, the exterior nodes of 

spindle are set, which are built on the center of relative gyration of flexible body to other parts in 

mechanical system, and dealt with by setting rigid region. The simulation is executed in Figure 2(b), 

which includes the information of the flexible body, such as mass, center of mass, moment of inertia, 

frequency, mode shapes and participation factors. The motion pairs are set up between exterior 

nodes and rigid bodies to connect flexible bodies and rigid bodies. 

Kinematic /dynamic simulation of gear system 

The motion process of gear system virtual prototype is realized based on motion function by 

user-defined in ADAMS. First step: gear begin acceleration to 25(deg/s) from 0 to 1s. Second step: 

gear can motion level off in 25 25(deg/s) from 1s to 9s. Last step: gear begins deceleration to 0 from 

9s to 10s. The angle velocity function of Small gear is as following:  

if(time-1:25d*time,25d,if(time-9:25d,25d,if(time-10:250d-25d*time,0,0)))  

 

Fig.3 Compare curves of small angle velocity in rigid shaft and flexible shaft 

 

                            Fig.4 Angle acceleration curves of small gear 
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                           Fig.5 Force curves between gears and shaft 

Figure.3 shows Compare curves of small angle velocity in rigid shaft and flexible shaft, and get the 

same results with mathematics calculation. Figure.5 shows forces between gears and shaft in 

simulation, which is respectively 24.7N and 49.4N. 

Conclusion 

Kinematic/dynamic simulation of gear system in tunnel boring machine is very important to 

reliability design and failure diagnose. Angle velocity and angle acceleration of gears and forces 

between gears and shafts can get from simulation curves, which can improve mechanical dynamic 

property and key part and components design. Therefore, it can provide some references of dynamic 

optimization design.  
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Abstract. This paper from the economic analysis, quantitative evaluation of the 2010 Shanghai 

World Exop impact. First, from the short-term and long-term benefits of the two considerations, the 

loss of earnings, base construction costs on the percentage of total funding, permanent building 

retained, the number of daily tours, the number of participating countries for the evaluation index, 

subjectively weight to the five indicators，calculate its scores to rank for five World Expos including 

Shanghai World Expo. Second, using principal component analysis, we get the five indicators of 

objective weighting and ranking for above five World Expos. The results show that the Shanghai 

World Expo will boost the economic development and has a huge influence on the economy. 

1. Introduction 

World Expo is sponsored by the government of a country, a number of countries or international 

organizations in order to show the human in the social, economic, cultural and technological 

achievements in the field of large-scale international exhibition. Its characteristics are held for a 

long time, large-scale exhibition, participating countries more and far-reaching. From 1851’s 

London “The Great Exhibition”, the Expo is becoming an important stage of the exchange of 

peoples history, culture, exhibition and technological achievements, embodied the spirit of 

cooperation and look forward to for future development. Shanghai has been successful to applicate 

World Expo in 2002, indicating that the rise of China’s comprehensive strength, and bringing great 

economic benefits to Shanghai. Choose a side interested in this issue, build a mathematical model, 

use the internet data, quantitative assessment of the 2010 Shanghai World Expo impact. 

  This paper consider its influence from economic point of view. World Expo impact on the 

ecnomy, you can use a number of indicators to measure. The main are: participating countries and 

international organizations, visitors, base construction costs on the percentage of total funding, 

whether the balance of payments, whether to retain the building. Participating countries and 

international organizations reflects the economic development of the host city. The number of 

visitors reflects the development of tertiary industry. Base construction costs on the percentage of 

total funding and whether to retain the building reflect the city’s long-term economic benefits. 

Whether the balance of payments reflects the short-term economic benefits. But the World Expo 

impact on each indicator is different. In this thesis, for the difference, we use principal component 

analysis to get Expo impact on each index, and then compare the recent five Expo to rank. 
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2. Model and Solution 

In order to better solve the problem, we assume: 

I )  Dose not take into account the different monetary values in different years; 

II )  It is not considered separately the number of tours on the impact of holidays; 

III )  Search data can be a very good response to the actual situation. 

In the following discussion, we use a ij ， ja ， jσ ，R，λ， p， Z ,  M ,  N ,i  if to denote 

evaluation of i-Expo countries j-index value of indexes, the average of the variable j, the standard 

deviation of the variable j, correlation matrix, eigenvalue, the number of indicators, loss of earnings 

States, permanent building to retain, principal component, i-indicator 

respectively.  

2.1 From the short-term and long-term benefits of the economic impact of the Expo 

  We select comprehensive exposition of nearly four times the data overseas and identify five 

indicators: loss of earnings, base construction costs on the percentage of total funding, permanent 

building to retain, the number of daily tours and the number of participating countries. These five 

indicators are weighted, so its rank, to see its influence. 

From the short-term benefits, above five indicators give weight: 0.3, 0.2, 0.1, 0.25, 0.15.  

Set if loss Z 0= ； if not Z 1.=  And if retain M =1； if not M =0.  

  We need to be standard raw data. Let 
ij

,
j

ij

j

a a
a

σ

−
=

1

1
,

n

j ij

i

wherea a
n =

= ∑  

2

1

1
( ) ,

1

n

j ij j

i

a a
n

σ
=

= −
− ∑  i=1,2,…,n; j=1,2,…,p. The results shown in Table 1. 

Table 1: five World Expo and its datas needed of five indicators 

Year Name 
Loss of 

earning 

Base 

construction 

costs on the 

percentage of 

total 

Permanent 

building to 

retain 

The number 

of daily 

tours 

The number 

of countries 

participating 

1970 Japan 0.7303 -0.8151 0.44721 0.77901 -1.24098 

1992 Seville -1.09545 1.27746 0.44721 0.04565 0.04337 

2000 Hanover -1.09545 -0.21723 0.44721 -1.29277 0.09341 

2005 Aichi 0.7303 0.77923 -1.78885 -0.66323 -0.40699 

2010 Shanghai 0.7303 -1.02436 0.44721 1.13135 1.5112 

  According to the datas in Table 1 and respective weight vector data, we have the scores and 

ranking of the World Expos, shown in Table 2. 
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Table 2: the short-term benefits and ranking of theWorld Expos 

World Expo 1970 1992 2000 2005 2010 

Score 0.1094 -0.0105 -0.6365 -0.0308 0.5685 

Ranking 2 3 5 4 1 

From the long-term benefits, above five indicators give weight: 0.1, 0.3, 0.25, 0.2, 0.15. Ranking 

shown in Table 3. 

 

Table 3:  the long-term benefits and ranking of theWorld Expos 

World Expo 1970 1992 2000 2005 2010 

Score -0.090 0.4011 -0.3075 -0.3341 0.3305 

Ranking 3 1 4 5 2 

  From Table 2 and Table 3 datas, Shanghai World Expo will have the economic impact of 

top-ranking, and explain Shanghai World Expo a great influence on the economy. 

2.2 Principal component analysis 

2.2.1 Model building 

  Specific steps are as follows: 

1) Standardization of data,  process is the same as 2.1. 

2) Find the correlation matrix of standardized data 
1

1
( ) , .

1

n

ij p p ij ki kj

k

R r where r a a
n

×
=

= =
− ∑  

3) Requirements related to eigenvalues and eigenvectors of R. Let |R- λ I|=0, obtain the 

characteristic roots, eigenvalue contrbution rate pi /λ , cumulative contrbution rate 

where =
1 1

/ ,
pm

i i

i i

p pλ λ
= =
∑ ∑ ; Let ( ) 0iR λ µ− = ，obtain the corresponding eigenvectors. 

4) Determine the number of principal components. Principal components usually take the 

cumulative number of m makes the 80% contribution rate. 

5) Write m principal components 1 2, ( , , , ),i i pN a a a a aµ= = � iµ  be eigenvector of iλ . 

6) Calculate principal components of the load. That is principal components iN  with the original 

variables ia  a correlation coefficient. 

7) Establishment of a comprehensive evaluation function to rank World Expos. 
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2.2.2 Solution  

According to Table 1, write the correlation matrix: 

 























1.000     0.224    0.228    0.205-  0.062-

0.224      1.000    0.371    0.493-  0.569  

0.228      0.371    1.000    0.436-  0.408-

0.205-    0.493-   0.43-   1.000    0.484-

0.062-    0.569   0.408-  0.484-   1.000  

 

 

We have its eigenvalues, the contrbution rate and the cumulative contrbution rate shown in Table 4. 

 

Table 4:  eigenvalues, the contrbution rate and the cumulative contrbution rate 

Indicators Eigenvalue 
The contrbution rate 

(%) 

The cumulative 

contrbution rate (%) 

Principal Component 1 2.1668 43.3360 43.3360 

Principal Component 2 1.4976 29.9522 73.2882 

Principal Component 3 0.8365 16.7295 90.0177 

Principal Component 4 0.4991 9.9813 99．999 

Principal Component 5 0.0001 0.0012 100.00 

  As seen from Table 4, the cumulative contrbution rate of the first three characteristics to achieve 

90.0177%, indicate that the first three principal components contain the basic information on the 

five indicators. So take the first three eigenvalues, their corresponding eigenvectors are: 

（0.4034  -0.5760  0.3104   0.5874   0.2532） T  

（0.6537  0.0187  -0.6618   0.0739   -0.3591） T  

（0.0896  0.1968   -0.3948  -0.0443  0.8918） T  

  So the first three principal components: 

Principal Component 1: 1N =0.4034 1f -0.5760 2f +0.3104 3f +0.5874 4f +0.2532 5f  

Principal Component 2: 2N =0.6537 1f +0.0187 2f -0.6618 3f +0.0739 4f -0.3591 5f  

Principal Component 3: 3N =0.0896 1f +0.1968 2f -0.3948 3f -0.0443 4f +0.8918 5f  

The first three principal components obtained eigenvalue contribution rate of weight coefficient, 

weight to the three principal components, calculate a composite score, that is 

N=0.4334 1N +0.2995 2N +0.1673 3N . 

According to the scores to rank, as shown in Table 5. 

Table 5: comprehensive benefits and ranking of the World Expos 

World Expo 1970 1992 2000 2005 2010 

Score 0.4176 -0.7312 -0.7686 0.1090 0.9732 

Ranking 2 4 5 3 1 
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As seen from Table 5, 2010 Shanghai World Expo ranked first, so the greatest influence on the 

economy. 

3. Conclusion 

Expo has impact on many aspects of the economy and different levels. We are taking a weighted 

means analysis, and all three different methods reflect the Shanghai World Expo will have great 

influence on the economy. Using principal component analysis avoid the subjective judgments in 

the weight, so that the results fit well with the fact.  
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Abstract. With rapid growth of national economy, infrastructure construction maintains its vigorous 

development, but there are some serious problems in this field, for example, construction unit and 

supervision unit may conspire together to swindle governmental capital. This paper introduces some 

background which exists in construction project management system, analyses relation and benefit of 

project’s tripartite main body, and establishes conspiracy game’s utility matrix of construction unit 

and supervision unit by introducing game theory. By establishing conspiracy game model between 

construction unit and supervision unit, the paper mainly discusses conspiracy action which may occur 

between construction unit and supervision unit (rent-seeking and rent-creating), gets equilibrium 

probabilities of seeking rent and creating rent, and make some further analysis. 

1 Introduction 

Project risk management, as a very important aspect of management research, is development and 

application of risk management in the field of project management. In recent years, with the 

prosperous development of project construction, project risk management has become the focus 

problem in the field of management research at home and abroad. To deal with global financial crisis, 

China put forward a series of polices, some of which are focused on infrastructure construction. 

However, the phenomena of conspiracies between construction units and supervision units emerge in 

endlessly, resulting in a lot of jerry-built projects[1,2]. 

In the process of governmental construction project, government, supervision unit and construction 

unit take important roles and form a certain degree of economic partnership[3-5]. The relation 

between government and supervision unit is the relation of entrusting and being entrusted, and the 

relation between supervision unit and construction unit is the relation of supervising and being 

supervised; construction unit may conspire with supervision unit to purse higher benefit, so 

supervision unit entrusted by government supervise the performance of construction unit strictly. At 

the same time, to pursue additional benefit, supervision unit has the possibility to conspire with 

construction unit, which influence the performance of project seriously [6-7]. This paper establishes a 

rational incentive mechanism to constrain supervision unit and construction unit by introducing game 

theory. 

2 Relation Analysis and Benefit Analysis of Project’s Tripartite Main Body 

By signing a contract, government and construction unit form principal-agent relationship. According 

to the contract, as party A of project, government presents the project to construction unit to perform; 

construction unit, as party B of project, is responsible for the performance including cost, completion 

period and quality of the project. The relation of government and construction unit is made by 

supervision contract, and is realized by performing the contract, which is the relation of entrusting and 

being entrusted. As soon as supervising contract is signed, the relation of entrusting and entrusted is 

made, supervising contract must strive to protect interest of owner, and government would give some 

supports to supervision unit to assist supervision unit and pay the cost of supervision according to 

contract. The relation between supervision unit and construction unit is relation of supervising and 
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being supervised; construction unit would perform project according to contract, and the whole 

process of performance would be supervised by supervision unit. 

As party A of project, the foremost concern of government are the cost, completion period and 

quality of the project, and its aim is to use least cost to  complete the project with high quality and 

short completion period. As party B of project, the aim of construction unit is to complete the project 

and get the fund of government within the stipulated time. In the process of performance, construction 

unit has the possibility to pursue the benefit of maximization by jerry-build. Supervision unit, as third 

party of project, is to gain the benefit by supervising the completion of project. At the same time, 

supervision unit has the possibility to pursue its own benefit of maximization by conspiring with 

construction unit. 

3 Game Model and Equilibrium Analysis of Conspiracy between Construction Unit and 

Supervision Unit  

3.1 Game Model of Conspiracy between Construction Unit and Supervision Unit  

In Chinese imperfect project management system, construction unit and supervision unit have the 

possibility to reach a natural motive to conspire. It is because that the work of construction unit must 

be reflected through the supervision units eventually, and supervision unit has the objective need to 

share fund to maximize its own interests, construction unit and supervision unit are highly 

interdependent in gaining additional private benefits. 

In fact, whether construction unit and supervision unit choose to conspire with each other or not is 

the course of mutual gaming. Game model is as follows: 

When construction unit transmits the information of conspiracy earlier to supervision unit to seek 

rent, if supervision unit accept and create rent then conspiracy comes into being, and supervision unit 

does not need to supervise construction unit resulting in loss of government benefit; if supervision 

unit doesn’t accept, supervision unit would perform stricter supervision to construction unit. In the 

same way, conspiracy may come into being when supervision unit create rent to construction unit 

earlier to transmit the intention of conspiracy, and construction unit is faced with two alternatives: 

accept or not accept. When accepting, conspiracy is generated; otherwise, the supervision of 

construction unit would be strengthened. 

    Make some assumptions:  

1) Construction unit and supervision unit are rational, and risk neutral;      

2) law-abiding construction unit would not seek rent to supervision unit, law-abiding supervision 

unit would not create rent to construction unit;      

3) For the sake of convenience, let all utility functions )(xu s of supervision unit and construction 

unit be x  ( xxu =)( ); 

    Let fixed net benefit of construction unit completing project be 1S ( 1S >0); let trust fund of 

supervision unit completing supervision be 2S ( 2S >0, not including governmental additional reward), 

let cost of supervision be 
J
C (

J
C < 2S ), then net benefit of supervision unit is 

J
U = 2S -

J
C ; so when 

conspiracy between construction unit and supervision unit doesn’t succeed, construction unit and 

supervision unit perform to pursue their benefits of maximization, and the utilities of construction 

unit and supervision unit are 
S

U = 1S , 
J

U = 2S -
J
C  respectively. 

Assume that the probability of construction unit seeking rent is 1P , that the probability of 

supervision unit creating rent is 2P , and that capital of government is R  which would be carved up by 

construction unit and supervision unit when conspiracy between them is achieved. The curve-up ratio 

is L:(L-1), namely, construction unit would get LR and supervision unit would get (1-L)R. In fact, 

conspiracy behavior between construction unit and supervision unit may be audited out (the 

probability is α , 10 <<α ), and construction unit and supervision unit would be punished 
JS
VV ,  
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respectively ( RLVLRV
JS

)1(, −>> ). When construction unit seeks rent but law-abiding 

supervision unit doesn’t accept, supervision unit would strengthen supervision force, resulting in 

benefit lost 
′

1S  of construction unit and additional supervising cost 
′
J
C  of supervision unit. When 

supervision unit creates rent but law-abiding construction unit doesn’t accept, supervision unit would 

also strengthen supervision force, resulting in benefit lost 
″

1S  of construction unit and additional 

supervising cost 
″
J
C  of supervision unit. So we could get conspiracy game’s utility matrix as Table 1   

Table 1 conspiracy game’s utility matrix of construction unit and supervision unit 

Construction unit 

 

Supervision unit 

Rent-seeking 

1P  

No rent-seeking 

1- 1P  

Rent-seeking 

2P  
S
VLRS α−+1  

J
VRLS α−−+ )1(2  

1S -
″

1S  

2S -
J
C -

″
J
C  

No Rent-seeking 

1- 2P  

′− 11 SS  

2S -
J
C -

′
J
C  

1S  

2S -
J
C  

3.2 Equilibrium Analysis of Conspiracy between Construction Unit and Supervision Unit 

Let expected utility of construction unit be 1µ  and expected utility of supervision unit be 2µ , so we 

could get that 





 −+″−−+



 ′−−+−+= 1211211121211 )1()()1())(1()( SPSSPPSSPVLRSPP

S
αµ  …………...(1) 

[ ] +












 ″−−−+−−+=

JJJ
CCSPVRLSPP 212122 )1()1( αµ (1- 2P )[ 1P ( 2S -

J
C

′
J
C )+ 

(1- 1P )( 2S -
J
C )]  …………………………………….….…(2) 

Do the first order to formulas (1) and (2) 

2

1

P∂
∂µ

= 1P ( 1S +LR-α
S
V )- 1P ( 1S -

′
1S )+(1- 1P )( 1S -

″
1S )-(1- 1P ) 1S =0 

We could get  

*

1P = ″+′+−

″

11

1

SSVLR

S

S
α

 …………….………………...….………………………....................(3) 

=
∂
∂

1

2

P

µ
2P [( 2S +(L-1)R-α

J
V )-( 2S -

J
C -

″
J
C )]+(1-

2P )[( 2S -
J
C -

′
J
C )-( 2S -

J
C ）]=0 

We could get  

*

2P = ″−′++−−

′

JJJJ

J

CCCVRL

C

α)1(
…………….………………………..………...................(4) 

Take formula (3) into formula (1) and take formula (4) into formula (2), we could obtain maximal 

expected utilities of construction unit and supervision unit *

1µ , *

2µ . 

*

1µ = ″+′+−

″

11

1

SSVLR

S

S
α

[
( 1)

J

J J J J

C

L R V C C Cα

′

′ ″− − + + −
1 S(  S +LR- V )α   
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1 1( )S S− ] 1

1 1

(1 )

S

S

LR V S Sα

″
+ − ′ ″− + +

[ 

( 1)

J

J J J J

C

L R V C C Cα

′

′ ″− − + + −
1 1( -S )S ′′

1(1 )
( 1)

J

J J J J

C
S

L R V C C Cα

′
+ − ′ ″− − + + −

]...............(5) 

*

2µ = ″−′++−−

′

JJJJ

J

CCCVRL

C

α)1(
{ ″+′+−

″

11

1

SSVLR

S

S
α

[ 2S +(L-1)R-α
J
V ]+(1 

- ″+′+−

″

11

1

SSVLR

S

S
α

)( 2S -
J
C -

″
J
C )}+(1- ″−′++−−

′

JJJJ

J

CCCVRL

C

α)1(
 

[ ″+′+−

″

11

1

SSVLR

S

S
α

( 2S -
J
C -

′
J
C )+(1- ″+′+−

″

11

1

SSVLR

S

S
α

)( 2S -
J
C )]...................(6) 

From formula (3), we could get that equilibrium probability 
*

1P  of rent-seeking is related with 

conspiring benefit LR of construction unit, punishment α
S
V , and loss 

′
1S . In fact, the probability 

*

1P  is unrelated with 
″

1S , because 
″

1S  is benefit lost of construction unit when construction unit does 

not accept rent-creating of supervision unit. Namely, construction unit is law-abiding and does not 

seek rent naturally, so 
″

1S  means nothing to equilibrium probability 
*

1P .  

From formula (4), we could get that equilibrium probability *

2P  of rent-creating is related with 

conspiring benefit (1-L)R of supervision unit, punishment 
J
Vα , and two kind of costs 

J
C ,

″
J
C . In 

fact, the probability *

2P  is unrelated with 
′
J
C , because 

′
J
C  is additional cost of supervision unit 

when supervision unit does not accept rent-seeking of construction unit. Namely, supervision unit is 

law-abiding and doesn’t create rent naturally, so 
′
J
C  means nothing to equilibrium probability *

2P .  

From analysis above, we could obtain that if and only if probability of rent- seeking is equal or 

greater than equilibrium probability 
*

1P ( 1P ≥ *

1P ) construction unit has the possibility to seek rent, 

and that if and only if probability of rent-creating is equal or greater than equilibrium probability 
*

2P ( 2P ≥ *

2P ) supervision unit has the possibility to create rent. In a summary, if and only if 
*

11 PP ≥ , 

*

22 PP ≥ , conspiracy between supervision unit and construction unit occurs successfully. 

4 Conclusion 

This paper introduces game theory into the analysis process, forecasting process and decision-making 

process of construction project, to prevent occurrrence of conspiracy. The paper establishes game 

model of Project’s Tripartite Main Body, discusses optimal strategy under equilibrium statue, and 

gets the conclusion that controlling the auditing probability and punishment would prevent 

conspiracy from occurring efficiently, which has the certain economical practical significance. Of 

course, in order that government encourage supervision unit to supervise construction unit by 

adjusting reward and decreases the probability of conspiracy between supervision unit and 

construction unit, the paper needs to design governmental incentive contract furtherly, and calculate 

optimal incentive reward which maximize governmental expected utility. 
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Abstract. With rapid growth of national economy, infrastructure construction maintains vigorous 

development, but there are some serious problems in this field such as the conspiracy between 

construction unit and supervision unit. This paper introduces some background of construction 

project management system, analyses relation and benefit of project’s tripartite main body, and 

establishes game model between government and supervision unit. Finally, the paper designs 

governmental incentive contract, and calculates optimal incentive reward which maximize 

governmental expected utility, which could encourage supervision unit to supervise construction unit 

by adjusting reward, and decrease probability of conspiracy between supervision unit and 

construction unit. 

1 Introduction 

Project risk management, as a very important aspect of management research, is development and 

application of risk management in the field of project management. In recent years, with the 

prosperous development of project construction, project risk management has become the focus 

problem in the field of management research at home and abroad. To deal with global financial crisis, 

China put forward a series of polices, some of which are focused on infrastructure construction. 

However, the phenomena of conspiracies between construction units and supervision units emerge in 

endlessly, resulting in a lot of jerry-built projects[1,2]. 

In the process of governmental construction project, government, supervision unit and construction 

unit take important roles and form a certain degree of economic partnership[3-5]. The relation 

between government and supervision unit is the relation of entrusting and being entrusted, and the 

relation between supervision unit and construction unit is the relation of supervising and being 

supervised; construction unit may conspire with supervision unit to purse higher benefit, so 

supervision unit entrusted by government supervise the performance of construction unit strictly. At 

the same time, to pursue additional benefit, supervision unit has the possibility to conspire with 

construction unit, which influence the performance of project seriously [6-7]. This paper establishes a 

rational incentive mechanism to constrain supervision unit and construction unit by introducing game 

theory. 

2 Relation Analysis and Benefit Analysis of Project’s Tripartite Main Body 

By signing a contract, government and construction unit form principal-agent relationship. According 

to the contract, as party A of project, government presents the project to construction unit to perform; 

construction unit, as party B of project, is responsible for the performance including cost, completion 

period and quality of the project. The relation of government and construction unit is made by 

supervision contract, and is realized by performing the contract, which is the relation of entrusting and 

being entrusted. As soon as supervising contract is signed, the relation of entrusting and entrusted is 
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made, supervising contract must strive to protect interest of owner, and government would give some 

supports to supervision unit to assist supervision unit and pay the cost of supervision according to 

contract. The relation between supervision unit and construction unit is relation of supervising and 

being supervised; construction unit would perform project according to contract, and the whole 

process of performance would be supervised by supervision unit. 

As party A of project, the foremost concern of government are the cost, completion period and 

quality of the project, and its aim is to use least cost to  complete the project with high quality and 

short completion period. As party B of project, the aim of construction unit is to complete the project 

and get the fund of government within the stipulated time. In the process of performance, construction 

unit has the possibility to pursue the benefit of maximization by jerry-build. Supervision unit, as third 

party of project, is to gain the benefit by supervising the completion of project. At the same time, 

supervision unit has the possibility to pursue its own benefit of maximization by conspiring with 

construction unit. 

3 Game Model and Inventive Contract between Government and Supervision Unit 

For preventing conspiracy occurrence, government must need to fully consider game strategy between 

self and supervision unit, and need to design incentive contract, assuring that supervision unit could 

bear project, and encourage supervision unit to complete project to maximize expected utility.  

3.1 Game Model between Government and Supervision Unit 

Make some assumptions: 

1) Let expected benefit of government’s investment be 0, and its aim is to pursue expected utility of 

maximization ; 

2) Let supervision units be risk neutral; let supervision unit’s utility function be )(xu ; 

3) Let government be risk averse, for the sake of convenience, let governmental utility function 

)(1 xu  be x  ( xxu =)(1 ); 

4) Assume that the probability of construction unit seeking rent is 1P , that the probability of 

supervision unit creating rent is 2P , and that capital of government is R  which would be carved up by 

construction unit and supervision unit when conspiracy between them is achieved. The curve-up ratio 

is L:(L-1), namely, construction unit would get LR and supervision unit would get (1-L)R. In fact, 

conspiracy behavior between construction unit and supervision unit may be audited out (the 

probability is α , 10 <<α ), and construction unit and supervision unit would be punished 
JS
VV ,  

respectively ( RLVLRV
JS

)1(, −>> ). let trust fund of supervision unit completing supervision be 

2S ( 2S >0, not including governmental additional reward). 

Game process is designed as follows: 

1) Government entrusts supervision unit with supervision of construction unit; 

2) Government signs an incentive contact with supervision unit; 

3) Supervision unit could choose his own risk status, namely, create rent or not create rent. The 

choice of supervision unit is unknown to government, but it is known that the probabilities of creating 

rent and non-creating rent are 2P  and 1- 2P  respectively. From analysis above, illegal benefit of 

supervision unit is (1-L)R under the condition of rent-creating, illegal benefit of supervision unit is 0 

under the condition of non-rent-creating. 

4) The probability of conspiring successfully is 21PP , the probability of conspiring unsuccessfully is 

1- 21PP . If conspiracy succeeds, government would loseR , and government would give supervision 

unit 2S  as entrusted reward. 

5) The probability of government auditing supervision unit’s risk statue successfully is α , and cost 

of auditing is D. If the result of auditing is that supervision unit conspires unsuccessfully, government 
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would think conspiring unsuccessfully attribute to supervision unit’s non-creating rent, so supervision 

unit would get 
′

2S = BS +2 , where B is the incentive reward for non-creating rent; but if the result of 

auditing is just reverse, government would retrieve illegal profit and supervision unit would be 

punished 
J
V . 

From analysis above, we could get game matrix between government and supervision unit as 

Table 2: 

Table 2 game matrix between government and supervision unit 

                           government 

supervision unit 

Auditing successfully 

α  

Auditing unsuccessfully 

1-α  

Conspiring successfully 

21PP  

DR −  

)( 2 J
VSu −  

BDR −−−  

])1([ 2 RLBSu −++  

Conspiring unsuccessfully 

211 PP−  

BDR −−  

)( 2 BSu +  

DR −  

)( 2 BVSu
J
−−  

3.2 Equilibrium Analysis of Game Model  

According to game matrix above, we could get expected utility of supervision unit under the condition 

of conspiring successfully is  

]})1([)1()({ 22211 RLBSuVSuPPE
J

−++−+−= αα ; 

expected utility of supervision unit under the condition of conspiring unsuccessfully is 

)]()1()()[1( 22212 BVSuBSuPPE
J
−−−++−= αα . 

When expected utilities of supervision unit under the condition of conspiring successfully and 

unsuccessfully are indifferent, namely, 21 EE =  

]})1([)1()({ 2221 RLBSuVSuPP
J

−++−+− αα = )]()1()()[1( 2221 BVSuBSuPP
J
−−−++− αα ....(1) 

We obtain equilibrium probability α  that 

)]()()[1(]})1([)({

])1([)()1(

22212221

221221*

BVSuBSuPPRLBSuVSuPP

RLBSuPPBVSuPP

JJ

J

−−−+−−−++−−

−++−−−−
=α …...............(2) 

If the probability of governmental auditing successfully *αα > , then optimal choice of supervision 

unit is conspiring unsuccessfully; conversely, optimal choice is conspiring successfully. To prevent 

the occurrence of conspiracy, government must strengthen supervising force to improve supervising 

quality. 

3.3 Designing Incentive Contract  

In fact, the incentive reward B needs to be designed rationally by government; otherwise, it would 

influence the effect of preventing occurrence of conspiracy. So government would establish an 

incentive contract to maximize its expected utility. For  the sake of convenience,let xxu =)( . We 

could establish the model of governmental expected utility )(BEu  of maximization (incentive reward 

B is unknown): 

1 2 1 2max ( ) [ ( ) (1 )( )]
B

Eu B PP R D PP R D Bα= − + − − − 1 2 1 2(1 )[ ( ) (1 )( )]PP R D B PP R Dα+ − − − − + − −  

s.t.  ++−+− BSVSPP
J 2221 )[1()({ αα  

)1()()[1(]})1( 221 αα −++−+− BSPPRL 2( )]
J

S V B− − *

2µ≥  …..(3) 

Where ( )Eu B  is governmental expected utility, ( )Eu B  is at least 0, and constraint condition (3) is 

incentive constraint which denotes expected benefit of supervision unit under the condition of 

incentive contract is equal or greater than that under the condition of non-incentive contract *

2µ . To 

solve the problem, simplify the constraint condition (3): 
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*

1 2 2 1 2 2 1 2(2 1)(1 ) [ (1 )(1 )] [(1 )( 1) ] (1 )
J J

PP B PP S L R V PP Vα µ α α α α α− − ≥ − + + − − − − − + −  

As mentioned above, α  is the successful auditing probability when conspiracy between 

construction unit and supervision unit occurs. However, in fact, at present our construction project 

management is not enough strict, supervising rules are imperfect, and force of attacking conspiracy is 

not enough. So the probability α  is always smaller than 10%, so  
*

2 1 2 2 1 2

1 2

[ (1 )(1 )] [(1 )( 1) ] (1 )

(2 1)(1 )

J J
PP S L R V PP V

B
PP

µ α α α α α

α

− + + − − − − − + −
≥

− −
…….…..................….(4) 

calculate governmental expected utility, we could get  

( )Eu B = 1 2 1 2 1 2[ (1 ) (1 ) ] ( ) (1 )[(1 2 ) ]PP PP B R D PP R Dα α α α− − + − + − + − − − . 

It is worthy to note that the function is linear function of incentive reward B , and that the function is 

monotonic decreasing about incentive reward B . So we could obtain governmental maximal 

expected utility, if and only if B  gets its minimum. 
*

2 1 2 2 1 2

1 2

[ (1 )(1 )] [(1 )( 1) ] (1 )
min

(2 1)(1 )

J J
PP S L R V PP V

B
PP

µ α α α α α

α

− + + − − − − − + −
=

− −
…….....................(5) 

So we could obtain governmental maximal expected utility as follows: 

2 1 2 1 2 1 2( , ) ( ) (1 )[(1 2 ) ] [ (1 ) (1 ) ]MaxEu S B R D PP R D PP PPα α α α′ = − + − − − − − + − ×   

*

2 1 2 2 1 2

1 2

[ (1 )(1 )] [(1 )( 1) ] (1 )

(2 1)(1 )

J J
PP S L R V PP V

PP

µ α α α α α

α

− + + − − − − − + −

− −
…..............(6) 

4 Conclusion 

This paper introduces game theory into the analysis process, forecasting process and decision-making 

process of construction project, to prevent conspiracy from occurring. The paper introduces some 

background of construction project management system, analyses relation and benefit of project’s 

tripartite main body, and establishes game model between government and supervision unit. In 

addition, the paper designs governmental incentive contract, and calculates optimal incentive reward 

which maximize governmental expected utility. So government encourage supervision unit to 

supervise construction unit by modifying reward B, decreasing the probability of conspiracy between 

supervision unit and construction unit, which has the certain economical practical significance.   
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Abstract. This essay starting with the origin of thought about equation, discusses the development 

course of radical formula for equation from simple to higher degree, introduces the derivation method 

of radical formula for cubic equation and quartic equation, and compares two methods of radical 

formula for quartic equation(Ferrali method and Descartes method). There is no general formula of 

root for equation of 5-th order or higher degree. Eventually, this essay expounds the development 

process of equation’s contributions to algebra field.  

1   Introduction 

With the further development of science, technology and all aspects of society, the research of various 

subjects were more and more in-depth, more and more inosculated. Many researches involved and 

delved into quantitative relations and geometric figures. Equation is such a good mathematical tools, 

which could explain the relationship between variables in realistic problems clearly and solve 

practical problems excellently. 

At one time a great philosopher brought up such a proposal: random question→mathematical 

problem→algebra problems→solving system of equations→solving algebraic equations with a single 

variable. Formula for roots of equation is the core to solve many practical problems, so we should 

realize the importance of solving the equation. Never forget where one's happiness comes from, never 

forget one's own origin. We memorize predecessor 'great achievements,  

which could make us widen sight, enlighten thinking, explore the law of development, and take 

comprehensive knowledge and profound understanding of mathematics. 

1.1   The origin of solving equations in ancient times 

Greece was the holy places in Mathematician and philosopher hearts, and equation theory was center 

topics of classical algebraic. Until the mid-19th century, algebra was still a mathematical subject with 

equation theory as the center. Solving algebraic equations remained the basic question, especially for 

solving equations with radicals. So-called equation has real roots, which could be understood that 

solution could be expressed through finite four operations and extraction to equation coefficients. 

Formula Solution of equation had been used to solve quadratic, such as 02 =++ cbxax ,by Greek 

mathematician Helen and his former Diophantine since A.D. 2nd century. Until A.D. 7th century 

Indian mathematician Brahmagupta investigated several different forms of quadratic such as cax =2 , 

cbxax =+2 and gave roots formula respectively, but he only solved the situation that coefficient was 

positive. 

The Arab has absorbed Greek and India's achievement, and impelled the equation rapid 

development. In A.D. 820 years, the Arabic mathematicians wrote a great influence book, "Algebra", 

which introduced the main content about solving equations, and proposed the method that equals to 
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"moving items " and " merging similar items". Precisely as a result of the Arabic mathematician's 

original development, the name of algebra evolved from this book. 

2  Solving formula of quadratic equation and the simple application 

The formula solution of equation had been greatly boosted by the Indian mathematician 

GhasKara(1114~1185) during the 12th century. First, expressed the formula named SamaGupta 

clearer; Second, made the quadratic equation unified, and then gave the extract formula for Roots of 

02 =++ cbxax ;Third, confirmed that quadratic equation has two roots, and proposed the existence of 

irrational roots.  

The methods to solve quadratic equations were completing the square, formula method, 

factorization method and so on. Completing the square is the basic of formula method. Arbitrarily a 

quadratic equation can become a general form
a

acb

a

b
x

2

4

2

2

1

−
+−= , 

a

acb

a

b
x

2

4

2

2

2

−
−−=  . 

Any quadratic equation changed into general form could be directly transformed into formula to 

solve. We lead factorization method into some special equations. This kind of thought that declines 

power is a kind of importance thought which handle higher power equations. This thought of reducing 

the equation order is a kind of importance thought which can handle higher power equations.  

3   The formula for roots of cubic equation 

Since the 15th century, the European mathematicians had started their independent study. Exploring 

formula for roots of the cubic equations was an initial research topic. In the 16th century,an Italian 

legend Taritalia(1500-1557) the earliest claimed he could solve the cubic equations. Another Italian 

mathematician G.Cardano(1501—1576) wanted studying the method of solving the cubic equations 

after learning that. When G.Cardano made confidentiality solemn oath, Taritalia gave him the 

solution manuscript. However, he did not keep his promise. In 1545, G.Cardano published a Latin 

book about algebra named “ars magna”,which detailed introduced the solution of the cubic equations 

from G.Cardano. 

The formula for roots of cubic equation could not be solved by general deductive thought. We 

should change the standard type 023 =+++ dcxbxax   into the special type 03 =++ qpxx . 

Three roots of 03 =++ qpxx  are: 
11 zy +  , 

1

2

1 zy ωω +  , 
11

2 zy ωω + . 

Here  

2742

32
3

1

pqq
y ++−=  , 

2742

32
3

1

pqq
z +−−=  , 

3
11

p
zy −=  . 

Looking into extract formula above, we can find that  

2742

32
3

1

pqq
y ++−=

 
,   

2742

32
3

1

pqq
z +−−= ,  

have the greatly similar form with  

a

acb

a

b
x

2

4

2

2

1

−
+−= ,    

a

acb

a

b
x

2

4

2

2

2

−
−−= , 

just as in quadratic equation ACB 42 −  which is the root discriminator. Actually, in cubic equation, we 

can discuss characters of roots from the value of 
274

32 pq
+

 
whether is positive, zero, or negative. 

If 0
274

32

>+
pq , 3y and 3z are real numbers, besides 33 zy ≠ .Suppose their real number cubic roots 

are 1y and 1z , well then roots are 11 zy +  ,   
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i
zyzy

zy 3
22

1111
1

2

1

−
+

+
−=+ωω , i

zyzy
zy 3

22

1111
11

2 −
−

+
−=+ωω . 

equation has a real number and two conjugate imaginary numbers. 

If 0
274

32

=+
pq

, 3y and 3z are real numbers, besides 33 zy = .  

Suppose their real number cubic roots are 1y , well then roots are  

111 2yyy =+ , 11

2

1 yyy −=+ωω , 111

2 yyy −=+ωω . 

equation has three real numbers , therein two roots are equal. 

If 0
274

32

<+
pq

, 3y and 3z conjugate imaginary numbers. Suppose they are ( )θθ sincos ir +  and 

( )θθ sincos ir − , then 








 +=
3

sin
3

cos3
1

θθ
iry  

and 








 −=
3

sin
3

cos3
1

θθ
irz ,   satisfy 

3

p
yz −= ,  

so the roots are: 








 −+






 +=
3

sin
3

cos
3

sin
3

cos 33
1

θθθθ
irirx  

3
cos23 θ
r= ,  

233
2

3
sin

3
cos

3
sin

3
cos ω

θθ
ω

θθ







 −+






 += irirx  








 +−=
3

sin3
3

cos3 θθ
r ,  

ω
θθ

ω
θθ








 −+






 +=
3

sin
3

cos
3

sin
3

cos 323

3 irirx  








 −−=
3

sin3
3

cos3 θθ
r 。 

In such complexion, equation has different three roots. 

4   The derivation of roots formula for quartic equation 

L. Ferrari(1522-1565) ,who is the student of Cardano, an Italy mathematician, began to conduct the 

research to the quartic equation under his teacher’s direction.,after the cubic equation be solved. He 

thought: Taritalia and Cardano worked out the solution of cubic equations which changed the cubic 

equation into a quadratic equation, and then obtained the result of the equations. Therefore, he 

associated that he could try to make the quartic equation melt into a cubic equation. Finally he proved 

that his mentality is completely correct. In the process of composing “ars magna”, the roots formula 

for quartic equation was solved successfully by Ferrari, which be write into “ars magna” by Cardano. 

The feature of Ferrari Method is making the left of equation melt into square form, which 

transforms the original equations into two variant quadratic equation. 

Quartic equation 

                                      0234 =++++ dcxbxaxx                                                  （1） 

Transposing, get  

dcxbxaxx −−−=+ 234
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coordinate, make equation (1)  melt into 
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The right of polynomials in equation (2) is not a complete square in the general situation, so we 

need to add a polynomial with undetermined coefficients t  in both sides of equation, which 
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equation（3）is a polynomial about x ,and the condition of its complete square is that the radical 

discriminent is zero.  

Namely  
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suppose 0t is one root, that equation (3) turn into  
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Solve quadratic equation (5) and (6), and get four roots of quartic equation (1). 

Thus, Ferrari Method tries to transform a quartic equation into a cubic equation （4）and two 

quadratic equation（5）, （6）. Theses two questions are also known in mathematics research, which 

commonly is used the reduction mathematics thought. The general quartic equation might solve, and 

these expressions of root specific formula was extremely complex, so this paper has not written them. 

We have another method to solve common quartic equation, which called Descartes Method. 

Descartes Method and Ferrari Method may successfully solve a quartic equation. They both use 

the same mathematics thought, which falls the high order equation to low order simplification. 

5   Solving the quintic and higher degree equation 

What can be seen from above is that the roots of quadratic equation, cubic equation or quartic 

equation all can be represented by algebraic of the equation’s coefficients. Moreover, seeking 

formulas for roots of the general quadratic equation relies on solving a related cubic equation, and 

seeking formulas for roots of the general cubic equation relies on solving a related quartic equation, 

which urges the people to ponder whether make the higher order equation induce into the low order 

equation to solve. 

Mathematicians had made efforts to explore the solution of quintic and higher degree equation 

for more than two hundred without any results. In 1824, a 24-year-old Norway mathematician Niels 

Henrik Abel (1802～1829) solved the mystery of quintic equation problem successfully. He 

concluded:” The general quintic and higher degree equation can not be solved with radical 

expression.” 
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6   The contribution of equation development course to Algebra domain 

In 1831, French mathematician Variste Galois(1811-1832) told us which kind of equation could be 

solved with radical expression. Abel inspired Galois to find the  “Galois Basic Theorem” which 

represents that radical solution is available for Algebraic equations and prove that the general algebra 

equations with more than 4 orders could not be solved with radical expression. Furthermore, Galois 

used the "Group" theory and method creativity, opened a new field of mathematics “Group Theory”, 

which over an age of algebra with a center of Equation Theory and turned the research to algebraic 

structure. 

As time goes on, Group Theory penetrates into other branch in mathematics gradually. In the 20th 

century, Group Theory have occupied an important position in mathematic field and been as one of 

the foundations in modern mathematic. 
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Abstract. Because the choice and important of learning rateη , the higher of η and the faster 

convergence it will be, but it may cause instability or function vibration if η  is too high; if η  is lower, 

although it may avoid instability, the speed of function convergence will reduce. In order to solve the 

contradiction, we introduce a variable of ∑∑∑
∂

∂
−==∆

=

−

=

−

m ij

n

m

n

ji

n

m

n

ij
mW

mF
mymnW

)(

)(
)()()(

0

0

0

0

0

1

0

1

0 αηδαη , 

and if the ∑
∂

∂

m ij mW
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)(
 this time is the same as that of the previous time, the weighted summation 

value will increase and it results in the regulation speed of right value W  at the stable regulation; and 

if the ∑
∂

∂

m ij mW

mF

)(

)(
 this time is contrary to that of the previous time, it indicates that a certain vibration 

and now the result of summation will make the value of )( 0nWij∆  decrease to play a role in stability 

and increase the speed of function convergence. 

1    Brief Introduction of BP Model 

BP network was put forward by the scientists group led by Rumelhard and McCelland in 1986 and 

is a multilayer feed-forward network trained according to error reversion propagation algorithm and is 

also one of the neural networks most widely applied at present. BP network may learn and store a 

great amount of input-output model mapping relations and need not to disclose the mathematical 

equation indicating the mapping relation in advance. Its learning rule is to use the steepest descent 

method and regulate the network weights and thresholds through counter propagation to minimize the 

error sum squares of network[1-2]. 

Topological structure of BP neural network model includes input layer, hidden layer and output 

layer[3]. It may be proved that the three layer network model with one hidden layer may approximate 

any nonlinear function and its topological structure is shown as follows: 

 
Fig. 1 Topological structure of three layer neural network 

 

Suppose the input vector mRX ∈ ， ),( 21 mxxxX �= ,and among which the hidden layers of 

mxxx �21 ,  has kE  neurons and the input vector stands for the input from neurons m�3,2,1 ; and the 

hidden layer has n  neurons and ),( 21 nmmm WWWW �=  indicates the connection strength between 
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the neurons m�3,2,1  and No. n  neuron, which is the weight value; and nb  is the threshold value 

and f is the transfer function and ),( 21 nyyyY �=  is the output of No. n  neuron[4]. 

nS  of the net input value of No. n  neuron is:  

∑
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=
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mnmn xWS
1

                                                                             (1) 

The application matrix shall be expressed as  
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                                                                  (2) 

The net input nS , via the transfer function f, will get the output hn： 
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Then the output of output layer  
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Where: f is a monotone increasing function and must be a bounded function, because that the cell 

transfer signal can not be increased infinitely and must have a max value. 

Therefore, f is a transfer function and in general adopts the sigmoid function: 
xe

xf
−+

=
1

1
)(  

Because that we research on GDP which involves in the large data and the change in output value 

after incorporating into the transfer function is not high, we adopt the function of 

100001

1
x

e
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=  other 

than the one mentioned above[5]. 

BP model is a kind of learning algorithm with teacher and belongs to δ  learning rate. Suppose that 

there are Q  learning paired samples ),( 11 TX , ),( 22 TX , ),( qq TX  and ),( QQ TX , where 

),,( 21

q

n

qq

q xxxX �=  is the input information and ()=qT is corresponding training teachers. If we take 

Qq XXXX ��21,  as the input of BP, the corresponding output is Qq YYYY ��,, 21  and 

),( 21

q

n

qq

q yyyY �= . The learning algorithm is to modify the weight and threshold connected by it by 

means of the error between Qq YYYY ��,, 21  and Qq TTTT ��21,  to make qY  approach to qT  as near 

as possible. 

The process of network learning is divided into two steps: 

(1) From bottom to top, transfer the input information to the output layer via the action of weight 

and threshold and then calculate the output values of various layers; 

(2) From top to bottom, calculate the errors of various layers and then modify the weight and 

threshold based on the algorithm result before transferring the error upwards. The two processes will 

alternate repeatedly until the convergence terminates. 

The concrete algorithm steps are shown as follows: 

1)  Suppose that iteration times n0 is 1 and the random initialization weight is 
0n

W and the threshold 

value is threshold value and learning rate 
0n

η  is a positive initial value lower than 1. 

2)  Suppose that 100 += nn  and then input the data in sample Q  into the model and then perform 

calculation respectively. 

Hidden layer output )()(
1
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==
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mnmnn xWfSfh  and input layer output )()(
1

∑
=

==
m

m

nnmnn hWfhfF  

424 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

3) Calculate the total error ε≤)( 0nE  (specified positive decimal) of the No. 0n  iteration 

according to the following formula and then terminate the iteration; otherwise, continue to execute the 

iteration of the fourth step. 

4  Calculate the errors of various layers: 

Input layer:  
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5)  Counter propagation method. Because the input layer performs reverse calculation according to 

“gradient descent method” and regulate the weight value layer by layer. Neuron i  cascade right 10 +n  

regulation shall be calculated according to the equation below: 
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6)  Return to step 2) to continue to perform iteration. 

The corresponding actual values and simulative values and the errors are shown in the table below: 
Table1  

Actual value Simulative value Error Actual value Simulative value Error 

0.406258 0.4153 -2.23% 4.819786 4.8831 -1.31% 

0.454562 0.4851 -6.72% 6.079373 6.0552 0.40% 

0.489156 0.5661 -15.73% 7.117659 7.0972 0.29% 

0.532335 0.5995 -12.62% 7.897303 7.8387 0.74% 

0.596265 0.6336 -6.26% 8.440228 8.4684 -0.33% 

0.720805 0.7022 2.58% 8.967705 9.0439 -0.85% 

0.901604 0.8254 8.45% 9.921455 9.8711 0.51% 

1.027518 1.0146 1.26% 10.96552 10.9743 -0.08% 

1.205862 1.1599 3.81% 12.03327 12.0386 -0.04% 

1.504282 1.366 9.19% 13.58228 13.5766 0.04% 

1.699232 1.7444 -2.66% 15.98783 15.9955 -0.05% 

1.866782 1.9587 -4.92% 18.32174 18.3088 0.07% 

2.17815 2.2216 -1.99% 21.19235 19.32 8.84% 

2.692348 2.6298 2.32% 24.95299 19.87 20.37% 

3.533392 3.4704 1.78%  
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Fig.2  

 

The number of training steps is determined to be 200 according to the diagram of relation between 

the number training steps and error. 

The simulative diagram based on it is shown as follows: 

 

 
Fig. 3 

 

The corresponding actual values and simulative values and the errors are shown in the table below: 
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Table2  

Actual GDP Simulative GDP Error Actual GDP Simulative GDP Error 

4062.6 3790 6.71% 48197.9 48140 0.12% 

4545.6 4630 -1.86% 60793.7 60730 0.10% 

4891.6 5220 -6.71% 71176.6 71200 -0.03% 

5323.4 5740 -7.83% 78973.0 78300 0.85% 

5962.7 6370 -6.83% 84402.3 84940 -0.64% 

7208.1 7120 1.22% 89677.1 90500 -0.92% 

9016.0 8340 7.50% 99214.6 98390 0.83% 

10275.2 10130 1.41% 109655.2 109620 0.03% 

12058.6 11680 3.14% 120332.7 120720 -0.32% 

15042.8 13830 8.06% 135822.8 135620 0.15% 

16992.3 17560 -3.34% 159878.3 159830 0.03% 

18667.8 20180 -8.10% 183217.4 183300 -0.05% 

21781.5 21690 0.42% 211923.5 205920 2.83% 

26923.5 26720 0.76% 249529.9 236670 5.15% 

35333.9 35190 0.41%    

The number of training steps and errors of the latter are far less than that of the former, so the 

prediction model of the latter is better than that of the former. 
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Abstract. It is difficult to solve the inverse problem because it always ill-posed. This paper 

introduced a new approach based on Genetic Algorithms (GA) for solve the parabolic equation 

inverse problem. The GA transforms the inverse problem into an optimization problem. The results of 

numerical simulation show that the method has high accuracy and quick convergent speed. And it is 

easy to program and calculate. It is worth of practical application. 

1  Introduction 

The research of inverse problems is a relatively new area. It had its origins in the sixties the basic 

thesis. In the history of science there is a well-known "blind listening to drum", which is a Danish 

physicist, proposed a mathematical problem in 1910. Drum in the shape of known circumstances, to 

determine the law of drum sound, which is the study of mathematical physics is a mature as early as 

their own issue. From the experience of people's lives, we can see the "ears on behalf of Head" has 

some possibilities. For example, in our selection of watermelon, through the voice by beatting, you 

can know what in it. This is because when the objects to determine the future of the material, its shape 

and its tone is closely related to the level of experienced people is not difficult to find some link 

between them. After nearly a century mathematician who explored in depth, so that the people of the 

reality of similar problems are prevalent in a more thorough understanding.  

The most roughly to say, the inverse question is how to get the input from the output. A simple 

example is that we have a group of input value g by a converter f, after a group of measured output o. 

The inverse problem is the output o and conversion functions (transfer function) f to get the input g. 

Everyone who research is more or less of inverse problem, but many people don't pay attention to 

this one word. Many people solve the inverse problem solution all the time more broadly. The inverse 

problem in reality is a purpose, such as physical each branch (involving collision or scattering, 

radiation, lattice vibrations), geology, sea, air, remote sensing, medical imaging and nondestructive 

testing of all kinds of graphics and image processing. Therefore, the inverse problem of different 

names, such as the inverse problem, inverse problems, the scattering problem, projection, etc. In the 

mathematics method often referring to the scattering of partial differential equation solution to a kind 

of method, but these equations can become integral equation.  

2 Parabolic Equation Inverse Problem 

If the partial differential equations of some original conditions into the unknown, and the 

original condition of the unknown function equation may still be unknown, or just know and the 

unknown function of some relevant information, we must through the equation, some additional 

condition and conditions to determine if these unknown quantity, such problems as the inverse 

problem of partial differential equations. Differential equation is studied how to describe the problem 

is with the physical process characterization, system status, and society, and a biological 

phenomenon, such as the differential equation established according to the specific conditions and 

process to solve certain solution, thus obtained the mathematical description of the process and the 

state. The ordinary differential equation by "refers to the" because ", namely known or partial 
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differential equation known unknown part of reverse equation. In recent years, various fields of 

science development of the inverse problem of these methods often have certain limitations, such as 

PST (pulse doppler technique) method, Tikhonov regularization, but these methods have 

shortcomings. The biggest advantage of genetic algorithm (GA) is directly to target function as a 

search for information, without the gradient of the objective function values and other ancillary 

information, and use multiple search point search information, has been successfully applied to 

machine learning and pattern recognition and economic forecasts and optimizing control and various 

complex data analysis and calculation, etc. 

The inverse problem of differential equation by partial differential equations and boundary 

conditions and the initial conditions and partial differential equations of the three component plus an 

additional conditions. The general form of written for is as follows: 

Differential equation: ),( txLu  = ),( txf  x Ω∈  t ∈ ),0( ∞  

The initial conditions: ),( txIu  =ϕ )(x  x Ω∈  0=t  

Boundary conditions: ),( txBu  =φ ),( tx  x Ω∂∈  

Additional conditions: ),(),( txktxAu =  x Ω∂∈  

Now the ordinary differential equation used in many fields, such as resource exploration, 

atmospheric measurement, economic forecasts, biological organs morphology analysis of disease 

diagnosis and quantum mechanics and other natural science and engineering field. The inverse 

problem of significance is hadamard is usually ill-posed. The concept is studied for mathematician’s 

hadamard first partial differential equations. If a partial differential equations and satisfy three 

conditions as follows:  

(1) The problem solution exists (existence);  

(2) Its solution at only one (uniqueness);  

(3) Its solution depends on continuous data (stability) says this solution is well-posed. 

If one does not meet the conditions will say the problem is ill-posed. In a long period of time, 

people always think from actual down out of the mathematics problems, if it is correct, always 

well-posed, this concept to people's attention firmly limitations in the circle of well-posed. Until the 

mid in the 1950s, the interpretation geophysical data cause people to focus on it. People have found 

wave equation; heat conduction equations and elliptic equations of classical ill-posed problems are 

not practical significance. This would encourage people to study, well-posed problems from the 

concept, theory and methods on the development of a new fields. The Soviet Union experts Tikhonov 

"ill-posed problem" is the first book in this field. Introduction of "conditions Tikhonov well-posed" 

concept for the appropriate solution (limited conditions, problems to solve well-posed) is the 

foundation of ill-posed. However, should admit ordinary differential equation, a new mathematical 

direction, say, is just in the form, in the vast majority of disciplines infancy. 

3 Genetic algorithms  

Genetic algorithm is a natural biological evolution by natural selection and biological and 

genetic mechanism and development of problem solving strategy and stochastic computation model. 

It uses simple encoding technology to say all kinds of complicated structure, and through a group of 

simple genetic encoding said operation and natural selection to guide the direction of study and 

determine the search. Because of the evolutionary computation itself has, since learning and adaptive 

intelligent characteristics such as the essence of parallelism and easy operation, strong commonality 

etc, has been successfully applied to machine learning, pattern recognition and economic forecasts, 

optimizing control and various complex data analysis and calculation, but the genetic algorithm for 

solving the problem of literature. 

Genetic Algorithm (GA) as Genetic done, in essence is a kind of specific issues not rely on direct 

searching method. Genetic algorithm applied in pattern recognition and neural network and image 

processing and machine learning and industrial optimization control and adaptive control and 

biological sciences and social sciences etc. Genetic algorithm is based on the basic thoughts of 
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Darwin's theory of evolution, the genetic and Mendel. Darwin by natural Selection (NAT. Ral theory 

to explain the species are) the origin and evolution of the theory of natural Selection, including the 

following three aspects: 

(l) Genetic (heredity) is the biological characteristics of “All things are difficult reap”, the biological 

information, to have offspring, in accordance with the information and offspring, differentiation, thus 

progeny always and have with the same or similar characters. Biological characteristics and species 

can stability. 

(2) Variation between offspring hue and the different between the individual and the progeny total 

some differences, this kind of phenomenon, called the variation. Variation is random variable 

selection and accumulation is the root of diversity of life. 

(3) The survival of the fittest survives from the surplus of natural selection and the struggle of 

existence. Because of the struggle of existence constantly, the result is the survival of the fittest, 

adaptive mutation of individuals are preserved, does not have to be eliminated, the variation of the 

individual through generations living environment, the choice is sure to variation of species for a 

direction, and gradually accumulated characters and the ancestors of different, for new species. This 

kind of natural selection process is a long, slow, continuous process. 

4 Solving Process Description  

Based on differential equation with several parameters to adjust (except), as long as the 

initial forecast system input parameters, and the numerical model of computer can output the 

forecast future, at nd certain moment in vector axel says some observations on Tt =  and 

),( txhh = , nd forecast system can realize the mapping as follows: 

niin dTxhxqA == ),())((  

Usually A expression cannot know. Requirements in this condition, namely using parameter 

inversion of observation, the parameters in nd within its area adK allows to find the optimal 

approximate opq , make model output and the corresponding observations of the minimum: 

n
kq

nop dqAdqA
ad

−=−
∈

)(inf)(  

If ndqA −)(  genetic algorithm of fitness functions, the parameter inversion as function 

optimization problems, according to the latest observation data provided by the evolutionary 

computation techniques, the model parameters to adjust the minimum, and obtained ndqA −)( to 

get the optimal parameters estimation. This method can in evolutionary parameters of function 

space by trigonometric function and polynomial function and spline functions on the 

undetermined parameter parameterized by genetic algorithm to the evolution of combination 

coefficients are obtained by the optimal parameters estimation. 

Using genetic algorithm is presented to solve the above problems, according to the first 

question in the region to allow adK  parameter by certain parameters of the operator, o coding 

strategies for the solution space (operator parameters for the search space). Don't assume operator 

only contain an unknown parameter )(xq  (parameters can also is the source, boundary condition, 

the initial conditions, etc.), assuming that given a set of functions, the parameters of the 

representation of the basic functions )(),(),( 21 xxx nϕϕϕ �  expresses as follows: 

∑
=

=
n

i

ii xkxq
1

)()( ϕ  

Make adKxq ∈)( , the real coded parameters of )(xq can be expressed as the vector( nkkk �,, 21 ). 

The question now is transformed into these coefficients of differential equation, the parameter 

inversion. If these undetermined coefficients of the genetic algorithm, using real number coding 
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chromosome into ( nkkk �,, 21 ), )),( obdqF −µ expressed as a function of the adaptive genetic 

algorithm, genetic algorithm can use to search for the solution space for operator parameters. 

5 Numerical Examples  

The homogeneous parabolic equation parameter inverse problem. 

  
ttxtxUxq

x

txU

t

txU
Ω∈−

∂

∂
=

∂

∂
),(),,()(

),(),(
2

2

  
]1,0[),()0,( ∈= xxfxU  

)1.0,0(),(),1(),(),0( 21 ∈=
∂

∂
= ttgtUtgtU

x

  

Among them: )sin()( 2xxf π= , 0)(1 =tg , 2 ( ) 2
t

g t eπ= − . 

Additional conditions for: ),...2,1)(02.0,( nixU i = ,
n

hihxi

1
, == , 10=n . Undetermined 

parameter is: 14)(2)( 222 −−= xxctgxq πππ , True solution for the problem is textxU )sin(),( 2π= . 

Select function groups ,...},,1{)( 2xxx =Φ  approximation )(xq  take 2

3210 )( xkxkkxq ++=  as 

the initial value. As a global variables of 321 ,, kkk . Search in the interval ]10,20[−  with true solution 

inside the near. 

   Take nvars number of variables, population size = 3 and prize = 20, the biggest maxgen = 10, 

evolutionary crossover probability and mutation probability PC = 0.8 and  PM = 0.2. Undetermined 

coefficients of unknown quantity calculation results are as follows: 

Figure1 The parameter inversion of initial value of search results 

Maximum 

evolutionary algebra 

Adaptive 

value 

Search range ),,( 1

2

1

1

1

01

+++

+ = jjj

j kkkk  

1000 4.3183×10
-5
 [-20，10] (5.19946277   -19.999999   -19.999999) 

6 Summary  

We studied using genetic algorithm to solve the parabolic inverse problem in this paper, and 

simulated of four kinds of Parabolic Equations inverse problems. The results show that we obtained 

with a small error between the approximation by using genetic algorithms and the real solution. It is 

feasible in practice and will have an important significance for inverse problem research.  
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Abstract. Let E be a real q-uniformly smooth and uniformly convex Banach space and K a
nonempty closed convex subset of E. Let Ti : K → K, i = 1, 2, . . . , N be ki-strictly asymptoti-
cally pseudocontractive mappings with ∩Ni=1F (Ti) 6= ∅, where F (Ti) = {x ∈ K : Tix = x}. Let
{xn} be the sequence generated by

xn+1 = (1− αn)xn + αnT
n
[n]xn,

where {αn} is a sequence in [0,1] satisfying certain conditions and T n[n] = Ti
n, i = n(modN).

Weak and strong convergence theorems for the iterative approximation of common fixed points
of the family {Ti}Ni=1 are proved.

Introduction

Let E be a real Banach space and Jq(q > 1) denote the generalized duality mapping from E
into 2E

∗
given by Jq(x) = {f ∈ E∗ : 〈x, f〉 = ‖x‖q, ‖f‖ = ‖x‖q−1} , where E∗ denotes the

dual space of E and 〈., .〉 denotes the generalized duality pairing. In particular, J2 is called
the normalized duality mapping and it is usually denoted by J . It is well known (see [1]) that
Jq(x) = ‖x‖q−2J(x) if x 6= 0, and that if E∗ is strictly convex then Jq is single valued. Let
K be a nonempty subset of E. A mapping T : K → K is called k-strictly asymptotically
pseudocontractive if there exists a constant k ∈ [0, 1) and a sequence {kn} ⊆ [1,∞) with
kn → 1 such that for all x, y ∈ K and j(x− y) ∈ J(x− y),

〈T nx− T ny, j(x− y)〉 ≤ 1

2
(1 + kn)‖x− y‖2 − 1

2
(1− k)‖(I − T n)x− (I − T n)y‖2

for all n ∈ N . T is called uniformly L-Lipschitzian, if there exists L > 0 such that ‖T nx−T ny‖ ≤
L‖x − y‖, for all x, y ∈ K and n ∈ N , and is said to be demiclosed at a point p if whenever
{xn} is a sequence in D(T ) such that {xn} converges weakly to x ∈ D(T ) and {Txn} converges
strongly to p, then Tx = p.

In [2], Acedo and Xu introduce an explicit iteration called the cyclic algorithm. The cyclic
algorithm is the sequence {xn} generated from an arbitrary x1 ∈ E as follows:

x2 = α1x1 + (1− α1)T1x1
x3 = α2x2 + (1− α2)T2x2
...
xN+1 = αNxN + (1− αN)TNxN
xN+2 = αN+1xN+1 + (1− αN+1)T1xN+1.
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In general, {xn} is generated from arbitrary x1 ∈ E by xn+1 = αnxn + (1−αn)T[n]xn, where
T[n] = Ti, i = n(modN), 1 ≤ i ≤ N .

In 2009, H.Zhang and Y.F.Su [4-5] modified the normal Mann iteration of strictly pseudo-
contractive map by the cyclic algorithm and proved weak and strong convergence theorems in a
q-uniformly smooth Banach space which is also uniformly convex or satisfies Opial’s condition.

Recently, M.O.Osilike and Y.Shehu [3,6] extended the cyclic algorithm to asymptotically
strictly pseudocontractive mapping and proved strong convergence theorem but in a 2-uniformly
smooth Banach space.

In this paper, motivated by [2-6], we extend the cyclic algorithm to asymptotically strictly
pseudocontractive mapping and at the same time extend the space to q-uniformly smooth
Banach space.

Preliminaries

Let E be a real Banach space. The modulus of smoothness of E is the function ρE : [0,∞)→
[0,∞) defined by ρE(τ) = sup{1

2
(‖x + y‖ + ‖x − y‖) − 1 : ‖x‖ ≤ 1, ‖y‖ ≤ τ}. E is uniformly

smooth if and only if limτ→0
ρE(τ)
τ

= 0. E is called q-uniformly smooth (q > 1) if there exists
c > 0 such that ρE(τ) ≤ cτ q. Hilbert spaces, Lp, lp spaces (1 < p < ∞), and the Sobolev
spaces, Wm

p, (1 < p < ∞), are q-uniformly smooth. Hilbert spaces are 2-uniformly smooth
while Lp, lp,Wm

p is p−uniformly smooth, if 1 < p ≤ 2; 2−uniformly smooth , if p ≥ 2.
It is shown in [7] that there is no Banach space which is q-uniformly smooth with q > 2.

We need the following Lemmas for the proof of our main results.

Lemma 2.1 ([9]). Let E be a real q-uniformly smooth Banach space which is also uniformly
convex. Let K be a nonempty closed convex subset of E and T : K → K be a k-strictly
asymptotically pseudocontractive mapping with a nonempty fixed point set. Then (I − T ) is
demiclosed at zero.

Lemma 2.2 ([8]). Let {an}, {bn} and {δn} be sequences of nonnegative real numbers satisfying
the inequality

an+1 ≤ (1 + δn)an + bn, n ≥ 1.

If
∑∞

n=1 δn <∞ and
∑∞

n=1 bn <∞, then limn→∞ an exists. If in addition {an} has a subsequence
which converges strongly to zero, then limn→∞ an = 0.

Main Results

In the following we denote T[n] by Tn.

Lemma 3.1. Let E be a real q-uniformly smooth and uniformly convex Banach space. Let K be
a nonempty convex subset of E and Ti : K → K, i = 1, 2, . . . , N be a ki-strictly asymptotically
pseudocontractive mapping with a sequence {kin} such that

∑∞
n=1(k

i
n−1) <∞. Let k = max{ki :

1 ≤ i ≤ N} and kn = max{kin : 1 ≤ i ≤ N} such that
∑∞

n=1(kn−1) <∞ and F = ∩Ni=1F (Ti) 6=
∅. Let {αn} be a real sequence in [0,1] satisfying the condition:

0 < a ≤ αq−1n ≤ b <
q(1− k)

2cq
(1 + L)−(q−2), n ≥ 1
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where a, b are constants in (0,1), and cq is the constant appearing in inequality (2.1), and L is
the maximal Lipschitz constant of {Ti}Ni=1. Let {xn} be the sequence generated from an arbitrary
x1 ∈ K by

xn+1 = (1− αn)xn + αnT
n
n xn.

Then ∀ p1, p2 ∈ F , the limit limn→∞ ‖txn + (1− t)p1 − p2‖ exists for all t ∈ [0, 1].

Lemma 3.2. Let E be a real q-uniformly smooth and uniformly convex Banach space. Let K be
a nonempty convex subset of E and Ti : K → K, i = 1, 2, . . . , N be a ki-strictly asymptotically
pseudocontractive mapping with a sequence {kin} such that

∑∞
n=1(k

i
n−1) <∞. Let k = max{ki :

1 ≤ i ≤ N} and kn = max{kin : 1 ≤ i ≤ N} such that
∑∞

n=1(kn−1) <∞ and F = ∩Ni=1F (Ti) 6=
∅. Let {αn}, {xn} be as in Lemma 3.1. Then ∀ p1, p2 ∈ F , limn→∞〈xn, J(p1 − p2)〉 exists.
Furthermore, if ww(xn) denotes the set of weak subsequential limits of {xn}, then 〈p− q, J(p1−
p2)〉 = 0, ∀ p1, p2 ∈ F and ∀ p, q ∈ ww(xn).

Theorem 3.3. Let E be a real q-uniformly smooth and uniformly convex Banach space. Let
K be a nonempty closed convex subset of E and Ti : K → K, i = 1, 2, . . . , N be a ki-strictly
asymptotically pseudocontractive mapping with a sequence {kin} such that

∑∞
n=1(k

i
n − 1) <∞.

Let k = max{ki : 1 ≤ i ≤ N} and kn = max{kin : 1 ≤ i ≤ N} such that
∑∞

n=1(kn − 1) < ∞
and F = ∩Ni=1F (Ti) 6= ∅. Let {αn}, {xn} be as in Lemma 3.1. Then {xn} converges weakly to a
common fixed point of {Ti}Ni=1.

Proof. Let p ∈ F . From Lemma 3.1, limn→∞ ‖xn − p‖ exists. So {‖xn − p‖} is bounded. Let
‖xn − p‖ ≤M, ∀n ≥ 1. It follows from (3.2) that

Mn‖xn − Tnxn‖q ≤ ‖xn − p‖q − ‖xn+1 − p‖q + δn‖xn − p‖q
≤ ‖xn − p‖q − ‖xn+1 − p‖q + δnM

q.
Since Mn is bounded, we have ‖xn − T nn xn‖ → 0, as n → ∞. Observe that ‖xn+1 − xn‖ =
αn‖xn − T nn xn‖ → 0, as n → ∞. Hence ‖xn+i − xn‖ → 0, as n → ∞, for all i = 1, 2, . . . , N .
Since Ti is uniformly L-Lipschitzian, then for all i = 1, 2, . . . , N we have
‖xn − T nn+ixn‖ ≤ ‖xn − xn+i‖+ ‖xn+i − T nn+ixn+i‖+ ‖T nn+ixn+i − T nn+ixn‖

≤ ‖xn − xn+i‖+ ‖xn+i − T nn+ixn+i‖+ L‖xn − xn+i‖.
Then ‖xn − T nn+ixn‖ → 0, as n → ∞, for all i = 1, 2, . . . , N . So limn→∞ ‖xn − T ni xn‖ = 0, for
all i = 1, 2, . . . , N . We have
‖xn − Tixn‖ ≤ ‖xn − T ni xn‖+ ‖T ni xn − Tixn‖

≤ ‖xn − T ni xn‖+ L‖T n−1i xn − xn‖
≤ ‖xn − T ni xn‖+ L‖T n−1i xn − T n−1i xn−1‖

+L‖T n−1i xn−1 − xn‖
≤ ‖xn − T ni xn‖+ L2‖xn − xn−1‖

+L‖T n−1i xn−1 − xn−1‖+ L‖xn − xn−1‖.
Then ‖xn − Tixn‖ → 0, as n → ∞, for all i = 1, 2, . . . , N . Since {xn} is bounded, it has a
weakly convergent subsequence {xnj

}. Suppose {xnj
} converges weakly to p. Since K is convex

and closed, K is weakly closed, then p ∈ K. Since limn→∞ ‖xn−Tixn‖ = 0, i = 1, 2, . . . , N , and
by Lemma 2.1, (I − Ti) is demiclosed at zero for all i = 1, 2, . . . , N , we have p ∈ F . If {xmk

}
is another subsequence of {xn} such that {xmk

} converges weakly to q , then we have q ∈ F .
So p, q ∈ F and p, q ∈ ww(xn). From Lemma 3.2 we have p = q. Hence ww(xn) is singleton, so
that {xn} converges weakly to a point in F . This completes the proof.

Theorem 3.4. Let E be a real q-uniformly smooth and uniformly convex Banach space. Let
K be a nonempty closed convex subset of E and Ti : K → K, i = 1, 2, . . . , N be a ki-strictly
asymptotically pseudocontractive mapping with a sequence {kin} such that

∑∞
n=1(k

i
n − 1) <∞.
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Let k = max{ki : 1 ≤ i ≤ N} and kn = max{kin : 1 ≤ i ≤ N} such that
∑∞

n=1(kn − 1) < ∞
and F = ∩Ni=1F (Ti) 6= ∅. Let {αn}, {xn} be as in Lemma 3.1. Then {xn} converges strongly to
a common fixed point of {Ti}Ni=1 if and only if limn→∞ d(xn, F ) = 0, where

d(xn, F ) = inf
p∈F
‖xn − p‖.

Proof. By Lemma 3.1, we have limn→∞ ‖xn − p‖ exists for all p ∈ F . Also, by (3.3) we have

d(xn+1, F ) ≤ (1 + δn)d(xn, F ), n ≥ 1.

From Lemma 2.2, limn→∞ d(xn, F ) exists. Now if {xn} converges strongly to a common fixed
point of {Ti}Ni=1, then limn→∞ ‖xn − p‖ = 0. Since

0 ≤ d(xn, F ) ≤ ‖xn − p‖,

we have limn→∞ d(xn, F ) = 0.
Conversely, suppose limn→∞ d(xn, F ) = 0. Thus, for arbitrary ε > 0 , there exists a positive

integer N0 such that

d(xn, F ) <
ε

3
, ∀n ≥ N0.

Furthermore, limn→∞
∏∞

j=n aj = 1 implies that there exists a positive integer N1 such that∏∞
j=n aj <

3
2
, ∀n ≥ N1. Choose N = max{N0, N1}. Since ‖xn+1 − p‖ ≤ an‖xn − p‖, for all

n,m ≥ N and p ∈ F , we have
‖xn − xm‖ ≤ ‖xn − p‖+ ‖xm − p‖

≤ (
∏n−1

j=N aj +
∏m−1

j=N aj)‖xN − p‖
≤ 2

∏∞
j=N aj‖xN − p‖.

Taking infimum over all p ∈ F , we obtain

‖xn − xm‖ ≤ 2
∞∏
j=N

ajd(xN , F ) < ε.

Thus {xn} is Cauchy sequence. Suppose xn → p, as n→∞. From Theorem 3.3, limn→∞ ‖xn−
Tixn‖ = 0, i = 1, 2, . . . , N . So p ∈ F . This completes the proof.
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Abstract. This paper will focus on the control method of the brake test- bench, we have used physics, 

theoretical mechanics, numerical methods method and use Matlab software, Excel software to 

calculated data and drawing. Eventually we establish a mathematical model to control electric 

current.  

)] e- e (*144.0344)-0.9987*(-49.3937+) e- e (*0007)60.1984/0.+[(10.83333*1.5=)1( 1)-0.9987(i0.9987i1)-0.007(i0.007i+iI . 

The model will help us testing the merits of the brake, and assist us in the design process. 

Introduction 

There are driving brakes and parking brake. In the driving process, we generally use driving brakes to 

facilitate the process of deceleration in the forward stop; when the car have completely stopped, use 

the parking brake to prevent the vehicle front and rear slip slide. Therefore, during operation of the 

vehicle, the brake is the important automotive components for driver. a car, the brake design directly 

relates to the life and property. Test a car's brakes and improving qualified brake brakes braking effect 

is the important task of the designer[1].  

Bench refers to the stage in a special brake test on the road test designed to simulate the test, 

make up the shortage that the road can not test. The principle is that let the brake test on bench wiht 

the vehicle brakes on road test during braking as consistent as possible[2].  

Brake test rig installed the flywheel generally spindle, the drive spindle motor, base, auxiliary 

devices and brake applied measurement and control system, etc., as shown in Fig 1.   

(1)the measured brake device, (2) twist moment sensor, (3) flywheel plate, (4) safety brake, (5) 

speed sensor, (6) tachometer generator  

41 6

3

52

Figure (1) brake test rig the general structure  
       

The model assumptions 

1.  Assuming that the friction between tire and the ground is infinite in the road test, so the tire and the 

ground without sliding.  

2. The spindle angular velocity and angular velocity of the wheel is always consistent.  

3. Spindle and the flywheel and etc. are the rigid body on the experimental bench 

4. The equivalent in energy conversion process has ignored the wheels turning their energy.  

5. Spindle acceleration is certain.  

6. We do not consider the error of energy measurement error, random error and continuous problems 

arising from the discretization error.   
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Model and Solution 

By the kinetic energy theorem we know that 
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So we can get the equation 22 r
g

G
mrJ d == . when NGmr 6230,286.0 == , 2.52 mkgJ d = , 

Therefore, the equivalent moment of inertia. is 2.52 mkg . 

    The mass flywheel is ∫==
diameter Inside

diameter Inside

2 rdrdvm πρρ , and then from the definition type of inertia 

2mrJ d = , Obtained flywheel inertia,  

 

∫=
diameter Inside

diameter Inside

2 2 rdrdrJ f πρ  

Among them, ],0.1568,0.07840392.0[ mmmd = , kg/m3 7810=ρ ， 14.3=π , mr 1diameter outside = , 

m2.0r diameter inside =  

We can obtain the moment of inertia of the three flywheels, 

].m119.9724kg,m59.9862kg. ,m29.9931kg.[ 222=fJ ， 

Approximate to the flywheel moment of inertia, 

   30kg.m  ,30kg.m ,30kg.m 222=fJ  

Combine with the basis of inertia, kgJbasis 10=  and the three moment of inertia of the flywheel, we 

can get the following result.  

The basis of inertia ).( 2mkgJbasic  1jJ  2jJ  3jJ  4jJ  5jJ  6jJ  7jJ  8jJ  

10 40 70 130 100 160 190 220 10 

,

,
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Because the equivalent moment of inertia 2.52 mkgJ d = , the motor can compensate for the inertia of 

the energy range corresponding to [-30, 30] kg • m2. According jd JJ − , we can get the compensation 

inertia to meet the conditions. 2.12 mkgJb = , 2.18 mkgJb −= .  
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According to the theoretical knowledge of mechanics bb aJM = , and then meat the meaning of the 

questions bMI 5.1= ,  

Because
r

a
α

= , therefore 

r

J
I bα5.1=

 
According to physics 

t

vvt 0−
=α

 
Therefore, 

rt

vvJ
I tb )(

5.1 0−
=

 
 (Motor drive current depends on the observable mathematical model)  

Among them, 

].18,.12[ 22 mkgmkgJ b −= ， m 0.286=r ，

km/h, 50

,h/k0

0 =

=

v

mvt
 

So, 262.2399A] ,-174.8266A[I =  

According to kinetic energy theorem, the total energy consumption when the road test,  

2

0

2

2

1

2

1
wJwJE dtd −=∆  

Among them 

tt nw π2= , 00 2 nw π= , 2kg.m 48=dJ , 60/514rpmnt = , 60/2570 rpmn =  

So JE 52150=∆ .  

If find braking energy consumption on the brake test bench, we need to find the points within a certain 

time period of the energy loss, so we find the energy of a single time formula, 

iii ME θ=  

Among them,  

ii

ii

nw

tw

π

∆θ

2

;

=

=
 

got 49291.94J2
470

3

470

3

1 === ∑∑ tnMME iiii ∆πθ∆ . 

According to the definition of relative error (the ratio of absolute error and the true measured value),  

%6008455.5%100*1 =
−

=
E

EE

∆
∆∆

δ  

Through access to information, the relative error of evaluation of control method should fluctuations 

in the 5%, so that the control method can be used, however, the control method is not consistent with 

control requirements, when the torque due to a certain value , computer controlled current fluctuations 

cause torque unstable, thereby affecting the value of the observed torque fluctuations around this 

constant value, leading the torque to the observed value is discontinuous change, when get loss of 

energy by the sub-periods time, resulting in inaccurate data obtained.  

According mathematical model 
r

J
I bα5.1=  

We get a equation about bM ,  

JM

J
M b

b = , 
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According to this mathematical model and data in the table to get a new set of data on bM , and then 

the application of this set of data fitted a new curve[3] 

 

 
Fig.2 

The equation of this curve, 

I/1.52.4164-t*212.8460          

t^2*219.5596-t^3*111.7456t^4*29.9807-t^5*4.0656t^6*-0.2196Mb

=+

++=
; 

So 

209523/t^4*287374883553701873/1406329112625-t^5*7623/1250t^6*-1647/5000I ++=
804651110553663/4391404159911t^2*3218437208883112677/351158759999-t^3*1250 +  

18123/5000-t*4  

The equation is the computer control equation for the current value, then evaluate this method, 

Assuming the brakes’s consumption of energy when the road test, 

2

0

2

2

1

2

1
wJwJE btb −=∆ , 

Substituting the obtained data,  

2J14141.9709=E∆  

Braking energy consumption during brake test bench, 

13352.49J  2
470

3

470

3

1 === ∑∑ tnMME iiii ∆πθ∆  

According to the concept of relative error, 

%5825.5|%100*| 1 =
−

=
E

EE

∆
∆∆

δ  

The model needs to be improved, we can assume uniform changes based acceleration, and then 

improve the model[4]. 

Model Evaluation and Promotion 

Influence by the previous stage Value of the model is relatively large, relatively slow, so the model 

should be optimized[5]. 

We that the nervous control system is very efficient, in recent years many scientists study it, there 

are mentioned on the mathematical neural network and its application in pattern recognition, so if its 

introduction into the model can accelerate the speed to fast and efficient control methods, and this is 

where we should try next[6]. 
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Abstract. This paper is to discuss the competition and cooperation of portal and search engine mainly 

by building stability model. We can use Lotka-Volterra mutualism model to describe and build 

cooperation model of portal and search engine, and we can use Lotka-Volterra predator – prey model 

with Logistic items to describe and build competition model of portal and search engine.  

The basic assumption 

(1) There is only a search engine in the Internet search market or other search engines click-through 

rate is very low, they can be ignored  

(2) The considered portal in the same market occupies the absolute position, and it is the main source 

of search engine users and searching content, so we ignore the impact of other portals  

(3) Search engines and portals are competing, it is that the number of users M  flows to search engine 

from the portal is less than the number N from search engine to the portal in Unit time 

(4) The Web site users click rate (simply click-through rate) means that CTR is the ratio of number of 

users visiting the website among all the Internet users in the unit time (usually in days) 

(5) Ignoring the impact of unexpected events, Such as web to be attacked. 

Model 

From assumption 3, We known NM < .
 

  

  

  

  

 

 

According to background analysis and Figure 1[1], we have established the following models: 







−+−=

−−=

))()()(()(

))()()(()(

22212122

'

2

21211111

'

1

txatxabtxtx

txatxabtxtx
        （1） 

Among them: )(txi  is user click-through rate of website i  at the moment t , dttdxtx ii )()(' = is 

the rate of change of )(txi )2,1( =i . For convenience, let's remember it as )(txx ii = ， 2,1=i . Since 

1x  and 2x are all positive, we only discussed at 
∆

=+
2int R  }0,0:),{( 2121 >> xxxx . 

Parameter )0( 11 >bb  is the intrinsic growth rate when there is no other portal site’s influence; 

parameters )0( 1111 >aa  is Block interaction coefficients that portals of their own hits retard the 

growth factor. Parameter )0( 1212 >aa  is the competition rate of search engine with portal site; 

Portal Search engine 
The number of users M  

The number of users N  

Fig. 1 
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parameter )0( 22 >− bb  is the internal growth rate of search engine if there is no portal site. Parameter 

)0( 2121 >aa  is the Popularity rating that the portal site supports search engine, the parameter 

)0( 2222 >aa  is Block interaction coefficients that the search engine hits on their own retard the 

growth factor. We have established a portal and search engine competition model, the following that 

we will qualitative analysis the model. 

Mathematical analysis of Model (qualitative and stability analysis) 

We will prove that there is no closed trajectory in system (1) , and Analyze the localized states and the 

overall state of singular point[2]. 

1 closed trajectory 

Theorem 3.1 there is no no closed trajectory in system (1) inside 2int +R . 

Proof: Take the Dulac function 1

2

1

121 ),( −−= xxxxB  so 
2

2

1

1 )()(

x

BX

x

BX

∂
∂

+
∂

∂
 

0)())(())((
1

22

2

11
2221212

1

1

2

2121111

1

2

1

<+−=−+−
∂
∂

+−−
∂
∂

= −−

x

a

x

a
xaxabx

x
xaxabx

x
 

When 2
21 int),( +∈ Rxx , there is no no closed trajectory in system (1) inside 2int +R .  

2 the stability of critical point 

Let )(),( 21211111211 xaxabxxxX −−=  , )(),( 22212122212 xaxabxxxX −+−= ,then  the singular point of 

the system (13) is the solution of the following equations: 

    




=

=
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0),(

212
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xxX

xxX
                                                  （2） 

Therefore, non-negative singular point of the system (1) is: )0,0(1O ， )0,( 1111 abE ， ),( *

2

*

12 xxE 。

and 
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So 
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x
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x

                                                （4） 

When 211121 baba > , 2E is positive singular point[3]; when 211121 baba = , 2E and 1E coincide. 

 For the stability of singular points in system (1), we obtain the following theorem[4]: 

Theorem 3.2 The singular points of system (1) are 1O , 1E , 2E . 

)(i  1O  is a saddle point; 
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 )(ii  When 112211 abab < , 1E  is local asymptotically stable point; 

When 112211 abab > , 1E  is a saddle point; 

When 112211 abab = , 1E  is the saddle node, the part in the upper half plane is locally 

asymptotically stable node; 

       )(iii  When 112211 abab > , 2E  is locally asymptotically stable node or focus; 

 When 112211 abab ≤ , 2E  is not in 2int +R . 

Proof:  

We have to calculate the Jacobimatrix eigenvalues of the system (13), which Jacobimatrices are 

defined as follows:           
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                     （5） 

First, the eigenvalue of J  at 1O  is 0)(,0 21 <−> bb : So 1O  is unstable saddle point[5]. 

Further, the eigenvalue of J  at 1E  is 0)( 1 <−b ， )(
21

2

11

1
21

a

b

a

b
a − , then, when 112211 abab < , 1E is 

locally asymptotically stable node; When 112211 abab > , 1E  is a saddle point. When 112211 abab = , there 

is a zero eigenvalue. Do coordinate transformation, so that 1E As the starting point, let 

11111 abxy −= , 22 xy = , t−=τ , the system (1) becomes 

 

                       










+−=

++=

2222121
2

11

1
1212111

1

)(

))((

yyaya
d

dy

a

b
yyaya

d

dy

τ

τ
             （6） 

The zero solution )0,0('1E  of system (6) corresponds to 1E , from the first formula of (6), we get  

                                                )( 22

11

12
1 yoy

a

a
y +−=                 （7） 

Substituting to the second formula of (6), we obtained 

)()( 2

2

2

2

11

11222112
2 yoy

a

aaaa
y +

+
=ψ        （8） 

Since 0)( 1111222112 >+ aaaaa , therefore we have known that )0,0('1E  is saddle node, which in 

the last half-plane is the unstable node (Parabolic sector). Therefore 1E is a saddle node too, but the 

trajectory direction is the opposite with )0,0('1E , its part in the upper half plane is locally 

asymptotically stable node. 
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The last: the value of J  at 2E   is: 
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*

1x
*

2x  satisfy (4). Therefore the eigenvalues λ  of (9) satisfy the equation: 

 0)()( *

2

*

121122211

*

222

*

111

2 =++++ xxaaaaxaxa λλ                  （10） 

When 112211 abab > , 0*

1 >x , 0*

2 >x , therefore the two roots of (10) have negative real part, 2E is 

locally asymptotically stable node or focus (possibly degenerate). Certificate completion. 

3 the stability of singular points at infinity 

In order to analyze the global stability of system (1) , we also need to consider the singular point 

of system at infinity. For Poincaré transformation ]9[ , let xx 11 = , xux =2 , the system (1) becomes 










−−+−+=

−+−−=

])()()[(

][

1222211211

12111

uaaxbbaau
d

du

uaxbax
d

dx

τ

τ
         （11） 

Among them xdtd =τ . Let 0=x , we got singularity point )0,0(2O  and 

))()(,0( 122221113 aaaaE −+ . Here, 2O and 3E  respectively corresponding singular points of system 

(1) at infinity which are along the -1x  axis and the line )()( 1222211112 aaaaxx −+= . 

Consider the singular points of system (1) at infinity along the -2x axis, for Poincaré 

transformation ]9[ , let yx 12 = , yvx =1 , system (1) becomes 










+−++−=

+−−−=

])()()[(

][

2111211222

21222

vaaybbaav
d

dv

yaybay
d

dy

ξ

ξ
     （12） 

Among them ydtd =ξ . We got the singular points )0,0(3O  of system (1) at infinity along the 

-2x axis. All types as follows: 

Theorem 3.3 All types of singular points at infinity as follows: 

      )(i   2O  is the unstable node (or degraded node); 

)(ii  When 1222 aa > , 3E  is a saddle point; 

            When 1222 aa < , 3E  is stable node, but not in the first quadrant; 

            When 1222 aa =  , 3E does not exist; 
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)(iii When 1222 aa > , 3O  is the unstable node (or degraded node); 

            When 
1222 aa < , 3O is a saddle point; 

           When 1222 aa = , 3O is the saddle node, the saddle point is in 2int +R . 

Proof: 

 )(i  The Jacobi  matrix eigenvalue of system (11) at 2O  is: 011 >a , 02111 >+ aa , so 2O  is the 

unstable node (or degraded node). 

)(ii  The Jacobi  matrix eigenvalue of system (11) at 3E   is t 0)( 2111 <+− aa , 
1222

21212211

aa

aaaa

−
+

, so 

it can be evidence. 

)(iii  The Jacobi  matrix eigenvalue of system (11) at 3O   is 022 >a , 1222 aa − , so when 

1222 aa > , 3O  is the unstable node (or degraded node); when 1222 aa < , 3O  is a saddle point; when 

1222 aa = , (12) is the standard form, by the first formula of (12), we got 0=y ,substituted into the 

second formula of (12) , we got 2

2111 )()( vaav +−=ψ , and 0)( 2111 <+− aa , so 3O  is a saddle node, 

the part in 2int +R  is a saddle point. 

Conclusions 

Because many literature has discussed the cooperation model of portal and search engine[6],this 

paper will not be addressed on this model in detail.Then for the competition model of portal and 

search engine, we mathematically analyze the qualitative and stability of the model and prove the 

global stability of the model. Then we give a series of competitive strategy for portals and search 

engines. 

Finally we test net hits of Tencent and Baidu net from Alexa Web, we use the least squares 

method to estimate parameters, we get the result: the model we established not only fit with the actual 

data quite well, and the short-term prediction capabilities are also very good. 
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Abstract. The regularization which constructs with the first filter function is precisely the Tikhonov 

regularization. This article has proven the Tikhonov functional minimization problem is decides 

suitably, namely satisfies the solution the existence, the solution unique reconciliation to rely on 

continuously the data stability; and this minimization problem in solves the first class equation 

equally the normal equation. The numerical simulation experiment's result indicated that 

distinguishes the inverse with the regular reduction solution parameter to have the numerical 

precision to be high and the stability is good and convergence rate quick characteristic. 

1  Introduction 

If the two problems in a statement or handling problems involved or contains another problem of 

all or part of the knowledge. Then says one problem and another is for the inverse problem according 

to J.B.K eller formulation. As far as the partial differential equations be concerned, as for the inverse 

problem definition: The inverse problem of partial differential equations is refers to from some 

functional of the partial differential equation’s solution to determine the coefficient or right margin 

the item of the partial differential equation." For example a sheet stretch process, what needs to know 

is that the sheet nature also has the sheet when the withstanding stretch receives drawing force. Then 

may obtain the corresponding response by these known parameters through the computation. So  

namely this circumstance and the deformation for problems. But sometimes we are unable to get 

material parameters or by the load is unknown. Therefore we can measure sheet deformation and the 

deformation to get material parameters or load process for the inverse problem solving. With the 

following form to illustrate: 

Set space for certain significance and operaters FU  and  are the metric spaces, and called the 

solution space and data space. The existing one operator K  makes F  allude to U , namely UFK →:  

and expressed as follows: 

( ) UuFfufK ∈∈= ,        

The relationship between a system described the working principle. The system as K  is 

mathematical model. The input parameters of f , u  for output variable. The so-called direct problem 

is by the system model and the input parameter inspection system's output, so namely obtains u  by 

known mathematical modelK and parameter f  through the above relations. But the inverse known 

outputs to the extrapolation model or the input. The value of  u is known and operator K  is known 

and obtaining parameter f through the above relations the process. The operator K  is part unknown 

and also for an undetermined parameter part.  

If on above defined available popular saying that was the direct problem for obtaining the output 

response by the model and the input parameter, but the inverse obtains the input parameter by the 

output response and the system model. Perhaps obtains system's partial model parameter by the output 

response and the input parameter. 

 As a result of inverse's ill-posed ness and the misalignment causes its theory and the solution are 

more difficult than direct problem. Moreover involves the aspect of knowledge to be broad and 
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involves the partial differential equation and the ordinary differential equation and optimized method 

transitive volumetric heat mechanics and so on a series of knowledge. Taking the simple member 

axial tension question as the example and assigning restraint which and load pole's material parameter 

and receives. Then obtaining pole's various nodes displacement through the finite element equation. 

But by obtaining the displacement responds in turn the solution material parameter or the restraint and 

the load is named the inverse problem. 

2 The regularization method 

Regularization method is an effective and widely used for solving the ill-posed ness problem of 

stability of approximate solutions of the numerical method. The concept of the problem posed, such 

as Hadamard definition and qualitative characteristics of the problem will not produce the numerical 

solution of the nature of the impact of the problem can not be characterized as a numerical 

approximation of the solution of its disturbance data. Therefore, approximate solution directly to the 

equation the standard method for the qualitative equations will not produce meaningful numerical 

results. The extent of the problem ill-conditioned is determined the size of the condition number and 

the greater the condition number of the morbid nature of the problem is more serious.  

Having the following form of Fredholm integral equation:  

( ) ( ) ( ) [ ]dcxxudssfsxK
a

b
,           , ∈=∫  

The function ( )sxK ,  is a integral kernel function and ( )sf  is the integrand and ba,  are the 

integral upper and lower limits. Respectively, dc,  for the variable x  in the upper and lower bounds. 

It is clear from the known integral kernel function ( )sxK ,  and the decision of integrated function 

( )sf  the right hand side ( )xu  is positive problem solving process. We consider the inverse problem is 

that the right hand side of ( )xu  and the integral equation obtained integrand ( )sf . 

If a given ( ) pst = ( )mssin , where mp,  is a given constant and there are points on the lower limit 

of π== pa ,0 .For any of the integral kernel function ( )sxK ,  and in m  are sufficiently large as 

follows: 

( ) ( ) 0,
0

→∫ dsstsxK
π

 

Therefore 

( ) ( ) ( )( ) ( )xudsstsfsxK →+∫
π

0
,  

If so 

( ) ( ) ( )dsstsxKpxuu ∫+=
πδ

0
,  

From the functions ( )xuδ  can see the approximate to ( )xu . Its raw data to add a small 

perturbation ( )xu , then ( )xuδ  corresponds to the solution for the disturbance data as follows: 

( ) ( ) ( ) ( )mspsfstsff sin+=+=′  

Function ( )xf ′ can be described as the approximate solution of ( )xf , when the p  value will be 

for different problems of varying degrees of approximation and p  get great value. The solution 

accuracy is clearly very poor, that is the problem of data is very sensitive to disturbance response and 

solutions the uniqueness and stability are not met. So regularization method has emerged to solve 

such problems as an effective method. 

3 The proposed Tikhonov regularization method  

Many scholars have done a great deal and made a lot for this kind of problem solving techniques 

and computation because the sick or ill-posed ness for inverse problem solving. The regularization 
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method is widely used to attenuate the pathological nature of the problem of a calculation in many 

proposed inversion method.  

To consider any kind of problem as a model, we using an operator equation description as follows: 

                     ( ) UuFfufK ∈∈= ,                        

The type of a mapping operator K , f  and u  belong to the corresponding parameter space. The 

inverse problem is investigated by the known data u  to reverse parameters f  for the above form. 

Typically, the definition of generalized inverse operators and the generalized inverse method to 

express the parameters of the inversion results. Thus the unknown parameters f  of the least squares 

norm solution uKf ls
+=  of which, +K  is the Moore-Penrose generalized inverse and the definition of 

generalized inverse problem of pathological characteristics according to different differentiated. The 

regularization method is to consider the known data and calculated data and least squares and based 

on known information provided by the root of the problem to limit the solution to construct a 

functional on the determined parameters. The application scale factor to coordinate the relationship 

between the two, as described singular value of the function of the amendment in order to get the 

stable solution. 

It is based on the operator's singular value decomposition for simple linear problem, and then 

constructed on the singular value of the correction function. The Tikhonov regularization method for 

the correction function for such problems as follows: 

( )
α

ωα +
=

2

2
2

s

s
s  

The parameter s is the system of singular value and α  is the regularization parameter. For large-scale 

pathological system, singular value decomposition is difficult or impossible to achieve, then there is 

the expression used variation Tikhonov regularization method as follows: 

[ ] ( )( ) [ ]fufKfM U Ω+= αρα
,

2
 

    The functional Tikhonov regularization method is known as the flattening of functional (smoothing 

functional).Where α > 0 is the regularization parameter. This parameter weighed the request of the 

solution accuracy and stability, regulating the relationship between the two in order to reverse the 

error of solutions by small  ( )( )ufKU ,
2ρ  for the corresponding norm of space considerations. It is 

usually in the second norm. The operater [ ]fΩ  or the penalty for the stability of functional and its 

definition of information based on the number of unknown parameters to understand the difference is 

usually norm of the parameters or their derivatives to define the norm. Reverse the first question in the 

investigation into the space has an extreme value as follows: 

[ ]fMMin
Ff

α

∈
 

Parameters belong into reverse to find an optimal parameter space makes the target to reach the 

minimum and the optimal parameter shall approximate solution of inverse problems. The Tikhonov 

regularization for the construction of the problem operator, through a functional extremism treatment 

to achieve the purpose to solve the problem. 

4 Numerical Simulation  

We use the iterative method and select the basis function of { }�,,,1 2xx  . The first three ( )3=n  

force ( )xc  close to solving the following parameter identification problem )I(  and ( )I'  as follows: 
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Additional information  

          ( ) 31, xexu ⋅=          ( )I'    

Exact solution of this problem is: ( ) ( ) textxuxxc 32 ,,
12

1
== ∗∗ .If taking the initial value as 

follows: 

( ) 2

0 1.01.01.0 xxxc +−=  

 The regularization parameter 1.0,06.0 == τα  and the variable x  where the interval ]1,0[  was 

divided into 11 nodes ]1:1.0:0[ . The time variable t  where the interval ]1,0[  was divided into5 

nodes ]1:2.0:0[ . The numerical results the following table: 

    Exact solution is =∗k (0,0,0.8333) and the numerical solution is 91k =(-0.0004,-0.0002,0.0834). 

5 Summary  

The use of regularization method in solving the time and the selection of the regularization 

parameter α  is greater impact on the effect of the algorithm. Since it is mainly the role of regulatory 

factors. If α is larger, then the stability of functional role of D on the large and the stability of the 

solution process the better. But the deviation increased with the original problem. If α  is minor, then 

the stability and functional role of D is also small and the solution may not achieve stability in the role. 

There are several real calculation shows that the test of the regularization parameter was best to 

take 510−=α .From the numerical simulation results show that the proposed numerical iterative 

algorithm has high accuracy and good stability and fast convergence characteristics. 
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iterative times j ( )jjj

j kkkK 321 ,, δδδδ =  ( )1

3

1

2

1

11 ,,
+++

+ = jjj

j kkkK  

1 (-0.0983,0.0295,-0.0999) (0.0017,-0.1295,0.1999) 

10 (-0.0003,0.0013,-0.0010) (0.0010,-0.0049,0.0869) 

30 (-0.2864,0.9625,-0.6904) 510−×  (-0.0004,-0.0002,0.0835) 

50 (-0.1882,0.6087,-0.4536) 710−×  (-0.0004,-0.0002,0.0834) 

70 (-0.1239,0.3999,-0.2966) 910−×  (-0.0004,-0.0002,0.834) 

90 (-0.2101,0.2323,0.1689) 1110−×  (-0.0004,-0.0002,0.834) 

450 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

Solution to China’s GDP Prediction Problem by BP Neural Network  

Guanchen Zhou1, Kaili Wang2, Tong Cui1 
1 
College of Light Industry  Hebei United University Hebei Tangshan 063009,China  

2
 College of Science  Hebei United University Hebei Tangshan 063009,China  

43698059@qq.com 

Keywords: GDP, BP neural network, sigmoid function and learning rate. 

Abstract. GDP algorithm has become the important means for China’s economic management 

departments to acquaint with the economic operation conditions and the important basis on which the 

economic development strategies and planning and various macroeconomic policies are worked out 

by them. Therefore, research and establishment of GDP model have an important and practical 

significance. In this paper, the BP neural network is adopted to perform the research and prediction of 

China’s GDP. Firstly, the original data of larger ones are observed and introduced into the commonly 

applied function of sigmoid function, but the effect is not ideal and the normalization point 

concentrates on 1=y , which may affect the predicted values, so a simple improvement is made for the 

sigmoid function to make the function value distribute between 0 and 1 and then the normalized 

function after improvement is better.  

0    Introduction 

GDP is short for gross domestic product and refers to the sum of market value of all final goods 

and services produced within a country in a given period of time of a nation or region. It is commonly 

regarded as the optimum index to balance a national economy condition and the core index of modern 

national economy accounting system and it reflects not only economic development and people living 

standard of a country or a district but also strength and wealth of a country. GDP may provide a more 

complete image of economic conditions and it may judge whether the economy of a country is in the 

state of contraction or prosperity or not, determine whether the economy is required to be stimulated 

or restricted and whether it is in the serious recession period or under the threat of inflation by means 

of GDP. GDP algorithm has become the important means for China’s economic management 

departments to acquaint with the economic operation conditions and the important basis on which the 

economic development strategies and planning and various macroeconomic policies are worked out 

by them. GDP is of great significance to economic research and management and is closely related to 

each of us. In the business circles, GDP is always the important basis on which the management 

decisions are made. Whether the economy grows or not demonstrates the change in enterprise’s 

management environment in the macroscopic view and the entrepreneurs pay attention to the basic 

situation of GDP growth. Governments at all levels are always pursuit of GDP healthy development, 

and in case of unbalanced development or low development speed of GDP it indicates that the 

problems exist in the economic development and the governments shall adopt appropriate measures 

to carry out macro-control to guarantee the economic sustained and stable development. Therefore, a 

timely and accurate prediction on GDP has an important and practical significance. 

At present, many methods may be adopted to predict China’s GDP and common methods used by 

the scholars include ARMA model prediction, grey prediction model, DMDH-ARCH combined 

model, time-series analysis model and data fitting model and so on. The method of time-series 

analysis model among which is widely applied in the prediction and Zhou Xuan made an analysis of 

actual GDP time series data from 1987 to 2006 by means of statistical software and established 

ARMA model and predicted the CDP of the period from 2009 to 2011 and achieved a good prediction 

result[1]. Tan Guolan and Li Jian and other persons adopted the grey prediction method and amended 

the model by means of residual value prediction to promote the prediction accuracy and drawn a 
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conclusion that the kind of prediction model has a good prospect of application of it in GDP 

prediction[2]. Ding Wenbin compared the regression model with the time-series model and the 

former is popular in practical application, but some requirements and assumption conditions during 

establishment of model leads to great restriction in practical operation. Dai Yu and other persons 

applied another method of GM (1,1) to predict the total amount of GDP and achieved a high 

precision[4]. 

The neural network may perform the parallel processing for the information on a large scale and 

has a good robustness and fault tolerance and learns a great amount of information and abstracts the 

objective laws implied in data and is applicable to classification, identification and prediction and 

other works. The neural network models are of various types and the most representative and widely 

applied among which is BP model because of its simple structure, reliable basis, rigorous derivation 

process, high precision, better universality and ability to simulate the non-linear input and out 

relations, but the standard BP algorithm has such disadvantages as follows: slow convergence speed 

and easy to fall in local minimum value; however, there are many improvement methods at present. In 

this paper, it attempts to apply the BP neural network to make an analysis of China’s GDP from 1978 

to 2007 and predict the GDP in the coming five years. 

1    Model Improvement 

Because the choice and important of learning rate η, the higher of η and the faster convergence it 

will be, but it may cause instability or function vibration if η is too high; if η is lower, although it may 

avoid instability, the speed of function convergence will reduce. In order to solve the contradiction, 

we introduce a variable as follows: 
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Where )1( 0 −∆ nWijα  is a variable, 10 <<α   

It action is that: when the training samples are added orderly, the equation above becomes the time 

series with 0n  as a variable and m  is from 0 to 0n ; therefore, the equation above may be regarded as 

the first order difference equation of )( 0nWij∆  and )( 0nWij∆  may be solved according to the equation 

below:  
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 this time is the same as that of the previous time, the weighted summation value 

will increase and make the )( 0nWij∆  increase and it results in the regulation speed of right value W  at 

the stable regulation; and if the ∑
∂

∂

m ij mW

mF

)(

)(
 this time is contrary to that of the previous time, it 

indicates that a certain vibration and now the result of summation will make the value of )( 0nWij∆  

decrease to play a role in stability. 

Therefore, the error function surface of the function may become smoother through change in 

momentum term and we may take the large η  values to accelerate the convergence speed without 

generating the vibration. 
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2    Application of BP Neural Network in China’s GDP Prediction 

Because that the units of data we obtained are different, it needs to perform [-1,1] normalization 

processing for the data to facilitate the data processing and at the same time accelerate the 

convergence during program execution so as to improve the disadvantage of slow convergence speed 

of the standard BP neural network. Because that the common conversion relationship function is 

sigmoid function, the scatter diagram conversed by the function for 
x

e
y

−+
=

1

1
 is shown as follows: 
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Fig. 1  

 

The scatter diagram shows that the values of y are around 1 and have small variation, so it may 

affect the predicted value; therefore, we make a small adjustment for the function to make the values 

distribute between 1 and 1, and the function is 

100001

1
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=  and the scatter diagram is shown as 

follows: 
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Fig. 2  

 

It shows obviously that the function after improvement contributes to promotion of prediction 

precision. 

Determine the number of training steps respectively:Work out the diagram of relation between 

training steps and errors respectively.Primary normalized function 
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Fig. 3  

 

The number of training steps is determined to be 600 according to the diagram of relation between 

the number training steps and error.The simulative diagram based on it is shown as follows: 

 
Fig. 4  
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Abstract. It is feasible for the inverse problem of research in the very vital significance between in practical 
application. Genetic algorithm is applied in many aspects, but we are more concerned with the application in 

mathematics. From the start of genetic algorithm, the collection to search for comprehensive coverage of 

preferred. Due to genetic algorithm is used to search the information, and does not need such problems with 

the problem is directly related to the derivative of the information. Finally, the results of numerical simulation 

show that the GA method has high accuracy and quick convergent speed. And it is easy to program and 

calculate. It is worth of practical application. 

1 Introduction 

In the natural sciences and the engineering field that has many problems of partial differential 

equation can be used to describe. The partial numerical solution of differential equations is a powerful 

tool for solving these problems. Partial differential equations of the inverse problem due to its actual 

background and study from the vast field and multi-disciplinary characteristics and the theoretical 

research and practical application has become a specialized subject with the important significance. 

There are many scholars at home and abroad to study in this field, and use various numerical methods, 

and the latest research results to solve various problems of partial differential equation.  

The basic structure and the basic process of research based on genetic algorithm theory and 

application of some research work on the traditional genetic algorithm and based on analysis of 

traditional genetic algorithm, the improvement of the traditional genetic algorithm extends the 

concept of community. According to the biological "multiply, the principle of" survive competition, 

subdivision of the traditional genetic algorithm was proposed.  

2 Partial Differential Equations Inverse Problem 

From the perspective of mathematics, the differential equation of the inverse problem of research 

in the three aspects. Firstly, to solve the problems in the theory, the correctness of the formulation. 

Usually the inverse problem of complete description should contain differential equation, definite 

(they are composed of differential equation and the additional problem). Additional conditions and 

general refers to the solution of the parameters and the boundary condition. The second is the inverse 

problem of solving methods. The problem for differential equation is the development of a series of 

numerical analysis method, etc. But these methods are usually not directly used to solve inverse 

problem. Therefore for different types of inverse problem must through the proper operation and 

transform the pattern can convert.  

At present, the development of fully nonlinear inverse methods, but represents the direction of 

research, the theory of inversion is inversion of theoretical research frontiers. There is widely used in 

the practical choice fitting method, the method, and the approximate formula of the methods and 

replace fitting process. 

For equations as follows: 

uAz =                                                                 (1) 
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In the formula Uu∈  and Fz∈ . U and F  is metric Spaces. Operator to reflect A F U .Again, 

there are inverse operator hypothesis A 1−
，but in general A is tight operator, it is not a continuous 

equation and its solution is ill-posed. 

In practice, a method of calculating formula is approximate solution of (1) is widely used. This is 

a possible solution can be given in advance of the subclasses )( FMM ∈  element and calculate Az . 

Which namely solution is a problem. An element in the collection of M  such as approximate 0z  as 

the approximate solutions which in the gap of integrating M make ),( uAzPu  minimum as follows: 

uρ≤0 ),( 0 uAz = ),(inf uAzu
Mz
ρ

∈
 

But because of the original material is error, and may not belong to the set elements AMu∈ , in 

this case, the equations (1) is not exist solution (classical solution), thus introducing fitting. The right 

solution for fitting, approximate AMu∉ . Therefore, according to the formula we can get uAz 1−= : 

constituent equation (1) the approximate solution. This is the u  projection and  have u to AM again, 

That is, the solution of infinite dimension to approximate solution to turn the finite dimensional 

space. But there is only one in a given set of sufficient conditions of the solution isM to set is convex 

tight and space within the sphere is strictly convex. 

The inversion method is to substitute for an operator to heat it "close" operator. Approximate 

solution method and with its approximate formula of the type and the method of solution process may 

require such is set. However, many problems of the application of such tight, and not with the 

approximate formula right associated change, can make it out of AM . 

Regularization method is to establish the approximate solution of the equation uAz = in the 

original material, it changed circumstances mentioned above can't solve the problem is not top of 

stability. 

Tikhonov regularization method is to ask questions of the solution of equation 

δδαδαα uAAzAz •• =+ ,, for Tikhonov functional transformation of the minimum value as follows: 

XxzuAzzJ ∈+−=
22

:)( αα  

For Tikhonov functional αJ  only α is minimum, and the minimum value is the only solution. 

δδαδαα uAAzAz •• =+ ,,  

The shaped equation of regularization parameter is the inverse problem solving, so the equation 

for the transformation of the solution, but this is α  must in advance, if not given α  proper. The 

regularized solutions is obtained. 

3 Genetic algorithms solve the initial value inverse problem  

The following with parabolic equation parameter identification counter-question titled example 

is given to illustrate the application of genetic algorithm. 

Considering the rectangular domain R inside the parabolic partial differential equations of the 

initial-boundary value problem: 
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);()0,( 0 xhxh = );()0,( 1 xhxht =  

 In the equation, )(),(),(),(),,(),,(),,(),(),( 1021 xhxhtgtgtxftxdtxcxqxp  is given. The inverse 

problem is according to the equations (I) and other known additional information to determine 

the )(xq . In order to identify the parameters, often based on certain observation. It is nonlinear 

optimization problems. The different ways of observation we often have the following kinds: 

(1) When we get a little observation at different moments of ),( 0 itxh , )2,1( ni �=  value. 
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(2) When we get the same time difference observation on ),( 0txh i , )2,1( ni �= . 

(3) When we get the observation on the differences in different times ),( ji txh , 

)2,1,2,1( mjni �� ==  

If the fixed functions )(),(),(),(),,(),,(),,(),( 1021 xhxhtgtgtxftxdtxcxp is knowm, it is said 

the corresponding solution is different when equation (I) on the )(xqq =  to say the compliance. 

The equations (I) for the solution of the different ),),(( txxqhh =  observed, according to the 

parameter ),( txh recognition problem )(xqq =  can be transformed into below the corresponding 

optimization problem. 
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For these problems, we have given in chapter 4 of the inversion of unknown variables of the 

best perturbation iterative method, during iteration algorithm, due to the unknown variables 

before to determine the )(xΦ  group based on the function as follows: 
T

n xxxx ))(),......,(),(()( 21 ϕϕϕ=Φ  

To function as a form of group as follows: 

* *

1
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i

c x k xϕ
∞
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=∑  

To simulate the iteration of the unknown variables and functions and to get the coefficient  to 

approximate solution is unknown variables of the form. That is as follows: 
n

n

T Rkkkk ∈= ),...,,( 21  

Question is how to determine the initial value iteration coefficient is close to the initial value 

can satisfy real solutions, and the precision of the best perturbation iterative solution. This 

chapter genetic algorithm is used to determine the initial value coefficient. 

4 Numerical Simulations  

Test kit for two boundary problem of diffusion equation as follows: 
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Additional information is 1)1,( 2 += xxu . 

The true value of )(tϕ test is 21 tt ++ . Calculate by additional information on [0, 1] and 

1=t time points. In the genetic algorithm, the group of 20 individuals and each individual 

contains 3 to estimate the parameters of the scope and the function )1,(xu  parameters in interval 

[0,1].  
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After 1000 generation of genetic algorithm, the estimated parameter ),,( 210 aaa  for: 

1.08228429148493+0.81781096910138 t +1.09998498478719 2t  

Its mean square  error is 12904849836121. We sign the approximate solution to "o" 

asfollows: 

 
Fig. 1 The approximation and the real value 

5 Introduction 

The genetic algorithm is adopted random search method of optimal solution, choose to embody the 

optimal solution is approaching, cross reflects the optimal solution, mutation reflects the global 

optimal solution of the cover.  
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Abstract. This article discussed the partial differential equation inverse problem. Because the partial 

differential equation inverse is the misalignment improperly posed problem, therefore analyzed has had the 

improperly posed reason. To process the partial differential equation inverse correctly not well-posed ness this 

difficulty, obtains relies on continuously the data stable approximate solution, has drawn support from the 

regularization related concept and the regularization general theory.  

Introduction 

The inverse problems exist in many natural science and engineering technology fields, particularly in 

engineering practice such inverse problem (parameter inverse problems)of undetermined known 

parameters is the most common. For the practical problems of differential equations, initial 

conditions, boundary conditions and additional conditions described, namely:  

Differential equation: ( ) ( )( ) ( ) 0,        ,,, >Ω∈= txtxfxptxuL  

Initial conditions: ( )[ ] ( ) 0,     , =Ω∈= txxtxuI ϕ  

Boundary conditions: ( )[ ] ( ) Γ∈= xtxtxuB        ,, ψ  

Additional conditions: ( )[ ] ( ) ( )txhtxhtxuA ,,, 0=≡  

It is assumed that ( )txu ,  is the solution of the differential equations, ( )txf ,  for the right end of 

the source term, ( ) ( )txx ,,ψϕ  and ( )txh ,0  are the initial, boundary and additional conditions, 

L , I , AB,  respectively differential operator, the initial operator, boundary operator and the additional 

operator son; ( )xp  as a model system in the physical parameters, Ω  for the region of space where the 

model parameters, Γ  for the Ω  region boundary. 

For the above problem, if the conditions are known, the direct problem is the process of solving 

the problem ( )txu , , these conditions are indispensable. When at least one of the above conditions is 

unknown, by responding to get this process is unknown conditions for the inverse problem of partial 

differential equations.  

Regularization Theory  

Regularization method is Tikhonov and Phillips in the 20th century, made 60 years separately, 

regularization method through a long development process, the theory more mature. Usually 

regularization method introduced, first introduce the concept of the problem posed, Hadamard made 

in the early 20th century. Considering the following formal definition of the equation  

                 ( ) UuFfufK ∈∈= ,                                                                    (*) 

UF , belong respectively to the corresponding parameter space, UFK →:  is a mapping operator. 

Definition: If the above equation as posed, the need to meet the following conditions:  

(1)  Existence: For any Uu∈ , there Ff ∈ ; (Existence) 

    (2) Uniqueness: Any Uuu ∈21, , F  exist in space, with 1f , 2f one-one correspondence, and 

when 21 uu ≠ ,then 21 ff ≠ ; (unique solution) 

   (3) relative to the solution space of stability (the stability of solution), for any ε > 0, there is 
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( )εδ > 0, as long as follows: 

( ) ( ) ( )UuuuU ∈< 2121 ,u       , εδρ  

There is 

( ) ( ) ( )( )221121 ,       , ufKufKffF ==< ερ  

Where ( )21,uuUρ  means the parameter 1u  and 2u  in the metric space U. The function ( )21, ffFρ  

have two parameters 1f  and 2f  in their respective metric space. If these three conditions are met, the 

problem is posed, or, if there is one or more unsatisfied, it is called improperly posed problem, that 

malaise.  

Target, such as (*)-type operator equations considered, usually the real problem model to 

consider are: 

( ) ηδ += truefKu  

Where, δu  is the data entry with error, η  is the error term, truef  is defined as the true solution, the 

operator K , the singular value decomposition: 

( ) T

i VsTdiagK =  

is  is the singular value, T  and V  are the singular vector matrix. it  Remember for the T  column 

vectors, called the left singular vector, iv  is the column vector V , called the right singular vector, 

then the following relationship: 

ijjijji vvtt δδ == i                
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Where ijδ  is directed function, that is as follows: 
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f ′  is the study and the approximate solution.it is an error for the true solution and the role of and. 

Singular value is too small will result in the error term η  is magnified, resulting in the solution can 

not meet the problem get the required accuracy. One way to solve this problem are singular value m 

for the amendment, namely singular value in the original by adding a correction function based on the 

item ( )2

ia sω , and the meet when the singular value s  → 0, there are ( ) 12 −ssαω  → 0.Have: 

( )( ) ( ) ( ) i
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− ∑== ααα ωω  

Where ( )2

isαω  is called a filtering function, ( )2

isαω  the device originates from different, will be 

different forms of regularization operator. 

For example:  
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In this method, the filter function if access to type (1), then known as the truncated singular value 

decomposition (TSVD) regularization method, principle of this method is to filter out the small 

singular values; if taken as the type (2), Tikhonov regularization method was the method by adding a 

correction term to correct the situation of singular value is too small.  
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Regularization Method to Implement  

For the residual ( ) δδ
αφ ufK −= , from the perspective of approximation to the regularization 

parameter α  should be smaller the better, however, numerical stability point of view, the parameters 

of α  getting bigger is better. On the regular solution 
δ

αf  and the true solution truef  of the error 

estimates of the following: 

truetruetruetrue ffuuRffffff −+−≤−+−≤− αδααα
δ

α
δ

α  

on the type of data items trueu  is the non-error, αf is the grounds of non-error data obtained by regular 

solution, αR is said the regularization operator. Type in the true solution in the exact right hand side of 

truef  and trueu  are unknown, but there is 0lim
0

=−
> trueffαα

, so the relationship must exist for a 

constant C > 0, so Cff true ≤−α , while there are 
αα

1≤R , if so ( )δ
αfKuT ≈ , get regular 

solution of the residual value of the upper bound of the approximate estimate 

( )
C

ufK
ff true +

−
≤−

α

δ
δ

α

α
 

As the regular solution 
δ

αf  for any regularization parameter α > 0 are numerically stable, it should 

be minimized so that the corresponding residuals, from numerical stability point of view, the 

parameter α  have to get bigger we go as far as possible, so, selected so that the error bound for the 

small parameter, which determine such a parameter α , so ( )
( )

α
αϕ

δδ
α ufK −

=  for the small can. This 

is a very small error criterion, which accounts for both the approximation and numerical stability 

requirements. 

Achieving of Tikhonov regularization method  

First of all, given the initial regularization parameter 0α > 0, the initial guess
0

0f Fα ∈ , ε > 0 and the 

observation datauδ . 

(1) initial application of the regularization parameter on the objective function (3.4) type is 

solved, get extreme point 
i

i
fα . 

(2) if ( ) εδα ≤ufK
i

i
-  meet, that is, the solution obtained to meet certain precision, then 

i

i
ff α=*  

for the approximate solution, turn (4); otherwise go to (3). 

(3) According to the calculated approximate solution and the regularization parameter, using 

principles of re-selection bias regularization parameter, get the appropriate regularization parameter 

1+kα , by solving the approximate solution 
1

1

+

+

i

i
fα , go to (2). 

(4)Initial regularization parameter is the man given, for their problems to be large enough to 

ensure that the revised question is posed. It detects the approximate solution for solving the obtained 

problem is what we seek the stability of the approximation. 

Numerical Simulation 

Using iterative method, select the basis function family { }1,sin .cos ,sin 2 ,cos 2 ,x x x x�  of the first 5 

items ( 5n = ) approximation of ( )c x , the following parameters identification problem solving ( )I  

and ( )I′  
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Additional information  

                     ( ) xexu sin1, 1−=          ( )I′     

The exact solution is ( ) ( ) xetxuxxc t sin,,sin1 ** −=+=  for the inverse problem.  

If the initial value of taking ( ) xxxxxc 2cos1.02sin2.0cos3.0sin4.05.00 ++++= , are the 

parameters of 1.0,0003.0 == τα , the variable x  where the interval ],0[ π  was divided into 31 nodes 

]:10/:0[ ππ , the time t  where the interval ]1,0[  was divided into 11 nodes ]1:1.0:0[ , the numerical 

results the following table: 

Exact solution is *K =(1,1,0,0,0),Arithmetic solution is 81K =(1.0012,0.9968,-0.000,0.000,0.000). 

The genetic algorithm is adopted random search method of optimal solution, choose to embody the 

optimal solution is approaching, cross reflects the optimal solution, mutation reflects the global 

optimal solution of the cover.  

Summary 

The use of regularization method in solving the time, the selection of the regularization parameter α  

is greater impact on the effect of the algorithm. When the data have small errors, caused about a very 

big difference, but this difference was not caused by the algorithm (in fact two kinds of solutions are 

exact solutions of the corresponding equation). This situation in practical engineering calculations 

frequently encountered as the coefficient matrix elements and the right end of the constant is 

measured in practice. 
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Abstract. Digital Cameras positioning has a wide range of application in the aspect of traffic 

monitoring (e-police). The introduction of space Cartesian coordinate system together with the 

principle of image formation of digital camera and the physical relations among image, camera, and 

the original picture is where the general linear space model, with the Gaussian formula, Physical 

optics imaging as the constraint condition, is built, putting forward the theoretical formula of 

pinpointed coordinates of the center of the circle in the target plane on the plane of camera. Then we 

can safely draw the conclusion that the track of the target plane formed on the plane of an oval track. 

Second, the use of graphic tools extracting the track of the edge can help to fit out of elliptic 

equations, showing the coordinates of the five centers. 

Introduction 

Digital Cameras positioning has wide range of applications in traffic monitoring (e-police) and the 

most commonly used method is binocular positioning method, which uses two cameras to locate. 

The images of the characteristics point in the objects taken by two cameras fixed in different 

positions can be used to determine the coordinates in the plane of the cameras. Once the precise 

relative position of the two cameras is determined, the coordinates of the characteristics point in 

certain camera can be known geometrically, which means the determination of location of the 

characteristics point. Thus the key to binocular positioning method is to accurately determine the 

relative position of two cameras, which is known as system calibration[1].  

Take the photos of several points randomly chosen in the flat panel by the two cameras and get the 

image points of them in the image plane. And the relative position of the cameras can be known 

through the geometric relationship of the two groups of image point. While the points without 

geometric size cannot be got in the object plane or the image plane[2]. The practical approach is to 

draw several circles in the object plane and regard the centers as the geometric points (known as 

targets).  Therefore, once the centers of the circles could be precisely found in the target, the 

calibration can be achieved. 

According to the imaging principle of a digital camera, you can know all light from all the 

directions will suffer some distortions when traveling through the lens, causing the change of the 

direction of its propagation direction. 

 

Fig.1 Convex (simple camera) of the imaging light path map 
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If there is one point on the lens, through which the light in any direction will not suffer any 

distortion of its propagation direction, that is, the direction of the exit direction and the incident 

direction are parallel to each other, then the point is called optical lens center, regarded as point O. 

In order to simplify the process of the solution, when the object distance and image distance are 

certain, the line   is the only light to be studied, and establish three-dimensional space Cartesian 

coordinate system, in which the optical center is taken as origin[3]. And the image of the 

independent casual point formed in the image plane is the intersection of the image plane and the 

line connecting the casual point and the origin point, as shown in the Fig. 1. 

Establishment of the model  

Establish three-dimensional space Cartesian coordinate system, in which the optical center is taken 

as origin and z-axis as the main light axis and the xoy plane as the plane in which the image plane is. 

)Z,Y,X(Q : an independent casual point; f :focal length; u： object distance; v： image distance, 

xoy plane parallel to the image plane.According to the principles of imaging, the optical 

configuration is established in the coordinate system as shown in Fig.2 

 
Fig.2 

Because the light will not suffer any distortion of its propagation direction, therefore, the direction 

vector of the straight line traveling through point ),,( 000  and point )Z,Y,X(  is  

)
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And the parametric equation of straight line 'QQ  is  
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For the vz −−−−====  plane parallel to the xoy plane which the lens plane is in, if vz −−−−==== is 

introduced, we can get:  
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In accordance to Gaussian imaging formula, we can get uZ = , for
vuf

111
+= , then it can be 

simplified and we can deduce the image coordinates: )v,
u

v
Y,

u

v
X('Q −−−=  

The moment when the camera takes photographs, the distance between objects and camera 

remains unchanged within exposure time. The distance between the lens and the film is called 

image distance whose value is constant. Clear pictures can be achieved through automatically 

adjusting focal length (The camera lens is not a single convex lens but a group lens, which can 
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make the camera automatically adjust the focal length). Digital camera can even automatically 

adjust the focal length. And the five points from the circle corresponds to a different object 

distance[4]. 

Establish three-dimensional space Cartesian coordinate system, in which z-axis is the main 

light axis and the xoy plane as the plane in which the image plane is. f :focal length; u : object 

distance; v :  image distance, xoy plane parallel to the image plane. In order to demonstrate the 

imaging process, the three-dimensional space Cartesian coordinate system is under the condition.  

 
Fig.5 Three-dimensional Space Cartesian coordinate system 

Fig.5 demonstrates the5 target original images and their corresponding images in the image plane. 

Set the corresponding coordinates of the 5 centers (in the target) are: 

),,(),,,(),,,(),,,(),,,( ezeyexEOdzdydxDOczcycxCObzbybxBOazayaxAO  

Based on the position relations of the 5 targets in the original images, the center coordinates can be 

deduced as:  

)
4

,
4

,
4

(),,( ezdzczazeydycyayexdxcxax
oOozoyoxoO

+++++++++
=  

Therefore the normal vector of the image is:  

dzczdycydxcx

ezazeyayexax

kji

n

−−−

−−−

→→→

==
→

)( γβα ，，

 

The equations in space of the 5 targets in the original image are: 

0)0()()( =−+−+− zzoyyoxx γβα  

And the cosine of angle between the xoy plane and the original image in which the 5 targets are can 

be deduced as follows: 

222 γβα

γ
θ

++
=cos 。 

The image can change with the change of the angle. When the angle isθ , it can match what has 

been discussed about image situation; therefore, the image coordinates can be figured out. 

Set object distance u  in the general model ① as )u,u,u,u,u( EDCBA , then 
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  （ o,E,D,C,B,Ai = ） 

Calculation of the image coordinates of the center of the circle in the target plane on the image 

plane 

In order to make the relation between the target and the image consistent with the position relation 

in which the images in the picture are, the first thing to do is to identify the corresponding image 

motion equation of motion equation of the circle in the target, and then make image track and its 
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track in the pictures match with each other. Then the angleθ , target coordinates ),,( iziyix , and 

image coordinates ),','( viyix −  can be derived. 

Identify the curvilinear equation of the circle 

Determine the equation of the target in accordance with Title 1: put the target into the space 

Cartesian coordinate system, and set normal vector: ( , , )n α β γ
→

=  For the shape of the target is 

round, the edge trajectory equation is as follow (intercepted by the plane in which the target is, with 

the sphere):  

For the normal vector is ),,( γβα=
→
n , the equation of the plane in which the target locates is  

0)()()( =−+−+− izziyyixx γβα  

In accordance to the locus equation parameters of the target circle, it can be known that every point 

can have its image in the image plane through differentiation, which can help to identify the 

trajectory equation of the image. The parameter equation of the circle is as follow: 
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The direction vector of the light is ），，（ iii zsinRysincosRxcoscosR +++ θϕθϕθ , then  
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Therefore, the parameter equation of the image is as follow: 
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After simplification, what the parameter equation can confirm is that the track it forms in the image 

plane is an oval. 

Further solution and conclusion 

Solving the above we can see through the validation: the graphic plane as elliptical, but also 

because of the digital photo is comprised of pixels, using canny edge detection method to find 

graphics on the edge of the discrete trajectory points (call MATLAB Toolbox) (see procedure 

Annex 2) as shown in Figure 6 results: 

From the validation and solution above, it is very clear that the graphic on the image plane is 

elliptical. And the digital photo is comprised of pixels, so by using the method of canny edge 

detection, the discrete trajectory points on the edge of the circle can be found (launching the toolbar 

MATLAB)( Procedure: see Annex 2). In order to make it clear, the author studies the 5 images in 

the picture as 5 parts separately (see Annex 3). Fit out the relative information of 5 ellipses by the 

method of least square based on the discrete points on the edge of the circle(see Annex 4). 
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Table 1: Information Table of Elliptical coordinates (unit: pixels) 

ellipse x  y  a  

major axis 

b  

stub axle 
θ (included angle 

with the horizontal 

plane ) 

A 188.7418 323.0611 44.1380 41.4442 -1.1261 

B 196.2783 421.6797 42.9862 41.1858 -1.2216 

C 213.2580 639.8139 41.4217 37.0768 -0.5934 

D 502.3286 285.0095 41.6357 36.5573 -1.2802 

E 502.8296 582.9677 38.2625 32.2437 -0.9970 

 

As the image plane is parallel to xoy plane, and the origin point is the optical center, therefore, the 

axis which goes through the optical center and is normal to xoy plane is the primary optical axis. 

The intersection of the primary optical axis and the image plane should be located in the central 

place （512，384） of camera’s sensitive film. Since the camera’s image distance( distance between 

the optical center and the image plane) is 1577 pixel units (1 mm is about 3.78 pixel units), and 

camera’s resolution is 1024 × 768, so when measured in pixels, the image coordinates of the center 

in space should be converted to ),384,512( voyox −−− . In order to unify the units in calculation, the 

pixels are converted into mm, and the coordinates are )
3.78
,

3.78

384
,

3.78

512
(

voyox −−− . 

Set the pinpointed coordinates of the 5 centers as iO , and the corresponding results of 

)E,D,C,B,Ai( =  are as follow: 

-417.196),18.73698,3636.31(),-417.196,-60.0023,31153.31(

7.196)3.7191,-41-45.1993,3(  , .196).8187,-4179.6883,-234-( 17.196),50.0201,-4-51.6538,-(

ED

CBA

OO

OOO
 

Acknowledgment  

This work is supported by the Natural Scientific Fund Project in Hebei Province 

(No.A2009000735), Scientific Technology Research and Development Plan Project of 

Tangshan(No.09130202C).The authors are grateful for the anonymous reviewers who made 

constructive comments. 

References  

[1] Zhou Fuqiang,Zhang Guangjun,Wei Zhenzhong,Jiang Jie, The targetlocation of two eyes visual 

sensor of one-mansion based on unknown motion,Mechanical Engineering Journal,Volume 42, 

Journal 9: 3-4,2006. 

[2] Zhou Fuqiang,Hu Kun, Zhang Guangjun, Correction based on linear feature points of Video 

Camera detortion Mechanical Engineering Journal,2006,Volume 42, Journal 9:174-177 

[3] Song Keou，Wang Fengti, Search for  the quick decrease of the target  Centroid of two 

values,Volume 7,Journal 2：56-62，1994. 

[4] SONKA M，HLAVAC V，et a1．Image Processing，Analy—sis and Machine Vision(2nd 

Edition)[M]，New York：Thommn Press，2002．460—469． 

 

Shaobo Zhong, Yimin Cheng and Xilong Qu 467WWW.BEHSAZPOLRAZAN.COM



Research on a Single Camera Location Model and it’s Application 

Liu Chunfeng, Kong Shanshan, Wu Haiming 

Hebei United University  College of Sciences  Hebei Tangshan 063009,China  

Liucf403@163.com 

Key words: Transition matrix, Centroid Algorithm, Least-squares Method ,Binocular Calibration 

Abstract: Digital cameras have been widely used in the areas of road transportation, railway 

transportation as well as security system. To address the position of digital camera in these fields 

this paper proposed a geometry calibration method based on feature point extraction of arbitrary 

target. Under the meaning of the questions, this paper first defines four kinds of coordinate system, 

that is the world coordinate system. The camera's optical center of the coordinate system is the 

camera coordinate system, using the same point in different coordinate system of the coordinate 

transformation to determine the relationship between world coordinate system and camera 

coordinate. And thus determine the camera's internal parameters and external parameters, available 

transformation matrix and translation vector indicated by the camera's internal parameters of the 

external parameters and the establishment of a single camera location model. According to the 

model, using the camera's external parameters to be on the target circle center point in the image 

plane coordinates. 

Introdaction 

Digital Camera positioning technology has a wide range of applications in traffic monitoring and 

satellite remote sensing. Digital camera positioning refers to the digital camera shooting pictures of 

objects to determine some characteristics of a surface location of the point. A feature point on the 

object, using the photos taken by two cameras fixed at different locations respectively to obtain the 

point in the two cameras on the image plane coordinates. As long as we know precisely the relative 

position of two cameras, we can get the geometric method of feature points, a camera at a fixed 

coordinate system of coordinates, that is characterized by the location of the point. Thus positioning 

of the eyes to accurately determine the relative position of two cameras is the key, a process known 

as system calibration.  

   One of calibration approaches is paint a number of points on a plate at the same time with these 

two cameras to take photograph, the image points of these points were obtained in their plate. Using 

these two sets of geometric relations, the relative positions of two cameras can be got. However, 

whether on the object plane or image plane, we can not directly get any “points” of no geometry 

size. Practical approach is to draw a number of circles on the object plate (called the target), and the 

center of the circle is a geometric point. And their images are usually deformed, as shown in Figure 

1, we must find the image of the circle center from those images of the cicles in the target 

accurately, thus calibration can be achieved. 

To address the digital camera binocular positioning, we need to include the four main steps:  

  The first step, give a single digital camera calibration, establish mathematical models to 

determine the image plane coordinates of the circle center in the cameras under normal 

circumstances; this key issue is how to select the coordinate system, selection of coordinate system 
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and establishment of the model and the degree of difficulty of the solution is closely related to each 

other. 

The second step, by the given image and data in the question to derive and find the camera's 

internal parameters and external parameters, Using the established mathematical model to calculate 

the coordinates of the image of the circle center in the imaging plane target. The key issue is how to 

determine the camera's internal parameters and external parameters.  

  The third step, give a centroid algorithms of image processing, find the image plane coordinates 

of the center of a circle of targets, and thereby test the model and discuss the algorithm accuracy 

and stability of this model. 

   The fourth step, apply the method of least squares to establish a mathematical model with 

three-dimensional coordinates, using this target to give a mathematical model and methods of a 

fixed relative position of two cameras. This issue focuses on how to discuss the relationship 

between the nature of matrix and external function, you can obtain the mathematical model with 

relative position of the fixed two digital cameras. 

The creation of a single camera calibration model  

The world coordinate system: wwww ZYXO −  in the figure, available point wp at any point in the 

space can be shown by ),,( www zyx . The world coordinate system origin wO  can be seen as the 

center of the square target surface.. 

Camera coordinate system: cccc ZYXO −  in the diagram, in which cO is the camera's optical 

center, z  axis and the optical axis are collinear. 

The image plane coordinate system: xyo − in the diagram, parallel to the camera coordinate 

system, its origin o  is overlapped with pixel coordinates of the center. 

Pixel Coordinates: uvo −'  in the diagram. 

  

 

Chart 1: Four kinds of coordinate system-building programs 

 

 

Shaobo Zhong, Yimin Cheng and Xilong Qu 469WWW.BEHSAZPOLRAZAN.COM



R is transformation matrix of the world coordinate system and camera coordinate system, T is the 

translation vector of the world coordinate system and camera coordinate system , 

then TRPP wc += . In which 
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Assume the image plane coordinates of the ideal image point is ),( YX , the distance from the 

optical center to the plane is v . 

From knowledge of optical phenomena, we can see the object point, image point, optical 

center are in the same straight line, then the object point and image point is proportional to the 

corresponding coordinate values (Figure 2), namely, that is, 
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Suppose, the coordinates of image point p in pixel coordinates is ),( ji  , that is, the position of 

image point p in the image is the i  row and the j column then. Assume the identifying rate of 

the camera is m n× , then )
2

(
78.3

1 m
iX −= , )

2
(

78.3

1
j

n
Y −= . As long as to define the camera  

image distance v , transformation matrixR , translation vectorT , we can obtain the image point 

coordinates of the object point in the image plane of. by the world coordinate system the 

coordinates of object points.  

Solving target on the circle's center in the image on the image plane coordinates  

In this problem, from Figure 5 we can easily get target coordinates on the vertical circle 0=wz , so 

model (1) reduces to 
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 The transition matrix R in the column vector is an arbitrary value. given the camera image 

distance in the problem (ie, the distance between the focus to the imaging plane) is a 1577-pixel 

units (1 mm is approximately 3.78 pixel units), that is mmv 1958.417
78.3

1577
== . 

The world coordinate system at any point in the pixel coordinate system corresponding pixel 

coordinates from the pixel coordinate system and the image plane coordinate system 

transformation between the relationship, to determine pixel coordinates of object points with the 

relationship between the transformation:  
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In this problem, the substitution of (3) and simplify as follows: 
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Mapping method we use to determine targets for each circle on the tangent point in pixel 

coordinates on the pixel coordinates of object points and be known as the point of the pixel 

coordinates into (4) type, solution obtained transformation matrix and translation vector 
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Target coordinates on the center of each round are as follows: 

)50,50(−A , )50,20(−B , )50,50(C , )50,50( −D , )50,50( −−E  

Substitution of (3) centered on the various obtained the image of the image plane coordinates:  

)73513.51,3983.50(' −=A , )66789.49,8603.22(' −=B , )43202.45,56638.33(' =C  

Conclusion 

Through the interpretation of the subject, it is not difficult to find this is a kind of system 

calibration problems. Let us set up a single camera calibration model, and then solving them and 

verify the last set up a model of binocular positioning. Careful analysis of the model we have 

established is not difficult to find: These models not only for positioning a digital camera, its 
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calibration of binocular stereo vision problems also played a guiding role. 

This model was created to solve the digital camera binocular positions. Through the 

establishment of a single camera calibration model, we have leads to binocular positioning model. 

The solution of this problem is a typical system calibration, we model the use of a very broad, 

can be applied to the integrity of the workpiece, surface roughness measurement; microelectronic 

devices (IC chips, PC boards, BGA) and other auto-detection; soft, fragile parts of the testing; a 

variety of mold detection of three-dimensional shapes; robot vision guidance and so on. 
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Abstract: By giving a centroid algorithm to extract pixel coordinates of each circle in the center of 

a circle under the coordinates, through the coordinate transformation the image coordinates can be 

obtained. Based on the data obtained from above to verify the model, from the specific data of the 

relative error, absolute error and error propagation theory to discuss the algorithm accuracy and 

stability. Finally using the least square method, according to the mean square error criteria for the 

establishment of a minimum of three-dimensional coordinate system fixed relative position of two 

cameras, binocular positioning mathematical models and by discussing the nature of matrix and the 

relationship between the relative position of the camera to calibrate the binocular digital camera. 

Introduction of Centroid Algorithm  

By application of centroid algorithm, the image coordinates of various circles of the target 

on the plane can be found by computer image processing methods, its algorithm is as follows.
 

First, for the image of the target[1-2].
 

Set nm× the value of two-dimensional images ),( ji , in which the objective part is A, the 

background portion of B. Namely: 
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Using the centroid algorithm to test the above model  

   By the centroid algorithm in the image plane coordinates, image coordinates in the plate of 

respective circle center can be  obtained. The model can be tested, an then calculate the 

corresponding center point coordinate error[3]. The results show that the absolute error is less than 

0.685687, the relative error is less than 0.029121 under both methods given in the coordinates of the 

center of a circle as the horizontal and vertical coordinates. 

 

Table 1: Model solution value and the value of the centroid algorithm  

X-coordinate model for 

solving the 

value 

centroid algorithm for 

solving the value 

relative error absolute error 

A′  -50.39828562 -50.02783069 0.007405 0.370455 

B′  -22.86034516 -23.54603175 0.029121 0.685687 

C ′  33.56637735 33.83582011 0.007963 0.269443 

D′  19.0091277 18.71240741 0.015857 0.29672 

E ′  -59.97516382 -60.14134921 0.002763 0.166185 

Y-coordinate model for 

solving the 

value 

centroid algorithm for 

solving the value 

relative error absolute error 

A′  51.73512504 51.45674603 0.00541 0.278379 

B′  49.6678933 49.48616402 0.003672 0.181729 

C ′  45.43202418 45.19783069 0.005182 0.234193 

D′  -31.78946349 -31.4768254 0.009932 0.312638 

E ′  -31.19983698 -31.15690476 0.001377 0.04293 

 

   

474 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



The centroid algorithm is a simple addition, multiplication, and division operations, in which there 

is no involution operation, the index operation. From the perspective of the error analysis, the error 

will not be enlarged, therefore, this algorithm is more stable. 

The creation of binocular positioning model  

The mathematical model of binocular digital camera model composed by two sets digital 

cameras is as shown in the figure. The measurement coordinate system Oxyz  is based on left 

digital camera and right digital camera coordinate system is 2222 zyxO . The projection of the left 

camera coordinate system is 111 yxO ′′′ and the right digital camera for the projection coordinate system 

is  222 yxO ′′′ . Assume the space point iQ is located in the projections of the left and right digital 

cameras are respectively iq1 and iq2 . iQ in the homogeneous coordinates Oxyz  

is T

iiii zyxq ]1[~ =  , and in the homogeneous coordinates 2222 zyxO . is T

iii yxq ]1[~
111
′′= . 

The homogeneous coordinate of iq1 is 
T

iii yxq ]1[~
111
′′= and iq2 ’s is 

T

iii yxq ]1[~
222
′′= .  

From the digital camera model, we can get 
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Euclidean transformation between Oxyz and 2222 zyxO , it can be expressed as 

[ ] 0~~
2 ≠= λλ ii qtRq  

Where - 3 × 3 is orthogonal rotation matrix , - 3 × l is translation vector. 

By equation (10) and (11) we can see that the relationship wiQ  between iq1 and iq2  are 

respectively: 

[ ] 0~~0~
111 ≠==′ λλ iii qPqIq , [ ] 0~~~

222 ≠==′ λλ iii qPqtRq  

Where - 3 × 4 is camera projection matrix of the left  3 × 4 is projection matrix the right digital 

camera,- 3 × 3 is unit matrix . As shown in Figure 3, we can see iQ , O and 2O  define a plane, 

space point in the two projection plane of the corresponding points satisfy the epipolar constraint 

relationship. Plane 2OOQi is the very flat, il1 is the right projection points, corresponding to the left 

of the polar projection plane, il2  is for the left-right projection points, corresponding to the 

Shaobo Zhong, Yimin Cheng and Xilong Qu 475WWW.BEHSAZPOLRAZAN.COM



projection of the polar plane. Coplanar epipolar constraint can be expressed as 0)(
1222
=×

ii OqOOqO lll , 

the corresponding algebra is expressed as: 012 =′′
i

T

i qQq . 

In the formula Q ___ the nature of matrix, from the above analysis we can see, Q contains all 

the parameters, through the decomposition 2P  can be obtained. Then according to the upper 

equations, and projection coordinates obtained by the two digital cameras, using least-squares 

method we can calculate the three-dimensional coordinates of space point[4-6].  

 

Solving the relationship between the relative positionof two digital cameras 

    First, examine the nature of the nature of the matrix. 

Theorem 1: If the projection matrix of the left and right digital cameras are 

respectively )( 1111 TMMA −= and )( 2222 TMMA −= , and then corresponding to the nature of 

matrix these two digital cameras are x

T TTMMMQ )]([)( 1211

1

2 −≈ −  . From this theorem we know, 

the essential matrix Q can be decomposed into a full rank matrix Rwith a symmetric matrix 

product S , that is RSQ ≈ . The following theorem states that such a decomposition is almost 

unique (up to a difference of one scale factor). 

Theorem 2: If a 3 × 3  square Q can have two kinds of decomposition 

method 2211 SRSRQ ≈= , in which iS is non-zero antisymmetric matrix, iR is full rank matrix, 

then there must be 21 SS = , and if ×= ][tS i , then TatRR +≈ 12 , a  is a three-dimensional vector. 

Theorem 3: If the relative position of the left and right digital cameras is fixed, 

{ }21 ,AA and }{ 21 , AA ′′  is two different projection matrices, then, { }21 ,AA and }{ 21 , AA ′′ correspond to 

the same essential matrix Q if and only if there exists a full rank matrix of 4 × 4'sH  to make and 

11 PHP ′≈ and 22 PHP ′≈ . 

Using the nature of matrix calibration to define a digital camera binocular 

   The above theorem reflects the fact: the relationship of the relative position of matrix between 

two digital cameras and the nature is almost equivalent. That is, to set the relative position of the 

two digital cameras R̂ and T̂ ,that is to give the system of matrixQ ; On the contrary, given the 
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nature of matrixQ , two digital cameras, the relationship between the rotation R̂ and T̂  the 

translation is almost set up, which is at most have a difference of a constant of proportionality 

factor. "Almost" means that the identification of R̂ and T̂ calibration of a scale factor needed k . 

Reference book (5)gives a convenient method Q by solving, R̂  and T̂  , that is let Q  

eigenvalue decomposition, solution )(SVD ,  TUDVQ = . 

According to theorem 1 in the previous section, we get TUGVR = , T

x VZVt =][ , Among 

them 















 −

=

100

001

010

G , 















 −

=

000

001

010

Z , it is to shift the matrix as a vector of three elements. 

So, we have identified the basic form of the relationship between rotation and translation 

R andT . But, there is a difference of one scale factor between R̂ and T̂  andR andT , namely, the 

calibration can make use of the known world coordinate distance in two and then obtain the 

relationship between the relative position of two cameras through the least-squares method. 
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Abstract: According to the principle of the digital camera’s forming image, we measure the distance 

between the points on the target and digital camera respectively, then we construct the limited 

equation, and calculate the position relation between target and digital camera through this limited 

equation, then by using the coordinate’s transformation, we transform the coordinate which takes 

digital camera as original points into the coordinate which takes target as original points. After that 

step, we could fix the coordinate which compare to the target. Finally, we finish the fixation task of 

the doubled-sight digital camera. 

Introduction 

Currently, with the spreading and application of the digital camera, the domain of its application 

expands gradually (taking electronic police for example). Therefore, the problem of relative 

position between photos taken by digital camera and the original entity turns to be very important.  

This paper mainly focuses on the fixation of digital camera and constructs the line able geometric 

model by using reflecting relation between the coordinate of target’s surface and the coordinate of 

target’s image. We take the optical center of digital camera as the original point of coordinate, 

meanwhile, we also take two straight lines which parallelized among the median line of the target’s 

surface as X axis and Y axis. Then, we construct the space coordinate system by taking optical axis as 

Z axis. We make use of the method of abstracting the center of a circle to find out image’s coordinate 

of the target’s center of a circle which exits on the surface of image. (Unit: mm)  

According to the imagery coordinate’s mapping relation between the three points’(A,C,E) 

geometric limited condition on target surface ( length, perpendicular) and the image’s coordinate on 

the imagery plane surface to construct non- lineable equation models, we make use of the method of 

abstracting the center of a circle to get the coordinates of the three points 'A , 'C , 'E . 

In order to improve the precision and decrease the quantity of operation, we take the accelerated 

Newton repeating substitution method (it known as Newton Raphson method) to evaluate the original 

numerical value x
�

by adding its repeating times to increase the precision of model, then to solve out 

the numerical value of coordinates of the three points A,C,E on the target’s surface, on the basis of 

this numerical value, we can fix the solution of the target’s surface’s equation. We also can make use 

of the geometry’s limited qualification to obtain the coordinates of B , D  on the target’s surface, 
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moreover, we take advantage of the constructed mathematical model to calculate the coordinates of 

'B  , 'D  which situate on the target’s imagery surface. Then we get the remainder value between the 

calculation value of coordinates  'B  , 'D  and its gauge value , after that, we choose differently 

combinations and repeat that procedure, then we get a series of  that kind of erroneous value. Try to 

assure the precision of the constructed model through these erroneous values, meanwhile, to make out 

the concrete analysis about the model’s stability. 

Firstly, we construct the mapping relation between the coordinate of object’s surface and the 

coordinate of image’s surface, testify and deduce the mathematical equation of a circle on target’s 

surface which mapped on the image’s surface. Then measure the coordinate of its center of circle 

according to the geometric characteristics of the mathematical equation[1]. In terms of the fixation of 

the target’s image’s coordinate on the image’s plane surface, after we construct the space systematic 

coordinates, then this problem converts into the solution problem of the target’s coordinate of its 

center of circle on image’s plane surface. Meanwhile, we construct geometric model according to the 

geometric relationship between target’s plane surface and its image’s plane surface internally.  

Secondly, it turns the fixation problem of approximately ellipse’s center of a circle which situates 

on the target’s imagery plane surface. On the basis of the pixel points we got from the target’s image 

surface, we get the sum figure by using all of the pixel points’ coordinate value which located in the 

approximately ellipse, then we take the average figure of it, the we can obtain the center of a circle of 

the approximately ellipse, following that way, the technician compile procedure by taking MATLAB 

method, after N(N ≥  5) times of measurement, let’s give up its maximum figure and minimum 

figure. And let’s calculate its average figure, following that method, we can get the coordinate value 

of the approximately ellipse’s center of a circle. Furthermore, the technician could solve out the value 

of image’s coordinate on the target’s image’s plane surface[2]. 

However, the doubled-sight fixation of digital camera means that under the situation that we 

known the relative position of two digital cameras to take photos of the same target by using two 

digital cameras simultaneously try to record the position at sometime, and to find the 

intersected-point in an opposite direction which is constructed by the two digital camera’s images 

through the geometric knowledge, then we restore the position of real images. 

This paper mainly focuses on the fixation of digital camera and its analysis, to construct the 

properly space systematic coordinate, and construct the mathematic model by using the mathematic 

physical optical knowledge, therefore to analyze and get solution of digital camera’s fixation 

problem. 

Measuring Distance Model of Doubled-sight Digital Camera 

As picture 7 showed, ， L , R represent two video cameras, pointO  represent characteristic point on 

target, the video camera’s focal distance is 'f  , the distance between two video cameras isb , 0L  is 

the photo’s center taken by left video camera L ( we called it as left photo). xL Is the formed image of 

pointO  on the left photo, 0R is the photo’s center taken by right video cameraR , (we called it as 

right photo), xR is the formed image of pointO on right photo. According to triangle relation, it can 

fix the value of c , then it can calculate the vertical distance between pointO  and the connecting line 

of L and R , it is  

Rxx

bf
d

−
=

1
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In it, lx is the photo of the point xL below,{ J ’s lateral coordinate， Rx is the lateral coordinate of 

point xR on the right photo }. 

 
Fig.1 Photo of Doubled-sight Measuring Position  

 

The key point of measuring distance by using doubled-sight stereoscopic vision technique is the 

choosing and matching of characteristic point (that is pointO ). The common method of it is choosing 

a target’s shape in one photo as its characteristic point, and to make the match in another photo on the 

basis of its degree of grey. While, the counting method of matching is very complex, and the amount 

of calculation is very large, and it requires highly about the quality of taken photos. Otherwise, the 

probability of making erroneous matching is greatly[3]. To take problems we got above, and consider 

the concrete target in this research, this paper proposes such method, that is, to adopt the matching of 

the shape’s center to replace the choosing and matching of ordinary characteristic point. 

As picture 8 showed, circle 4 is the circle on target. 0L is the center of left photo, xL is the shape’s 

center of left photo on target. 0R  is the center of right photo, xR is the shape’s center of right photo 

on target. Here, we regard xL and xR are the formed photo, they are the same point but takes on two 

differently photos on target respectively. Obviously, if it really exists such point, it must be the center 

of circle 1O . 

 

 

Fig.2 Photo of Measuring Center of a Circle 
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According to the result of recognizing photo, it is easy to obtain the coordinates of shape’s center 

which belong to the circle in the two photos[4]. Then it can get the distance d between 1O and the 

connecting line LR by using equation )1.4.5( , but what we really need is the distance 1d between 

pointC on target and the connecting line LR  , then the measuring distance formula should convert 

into the equation: 

 

c
xx

bf
d

R

−
−

=
1

1  

 

The conversion method of circle’s space coordinate 

Let’s suppose CBA ,, are three points in stereoscopic space, it is known that BCAB ⊥ , it can fix 

the coordinates of CBA ,, through lineable equations. 

Let’s suppose A  as original coordinate point, then change its coordinate with its original 

coordinate, its changing matrix isR , and then it has:  
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Therefore, it can obtain the position of digital camera’s coordinate which takes A as its original 

point. 

Conclusion 

 This model has strictly theory evidences, it can measure the distance of digital camera accurately 

by using target. The characteristic of this model is its strongly practicability. This model can apply 

into the fixation of digital camera commonly. When it applies into practice, if we know he distance 

between the object within the two digital cameras, then we can get the concrete coordinate of a third 

part. It can also apply into all kind of the measuring distances which require lower precision, but 

because it neglects the influence of the lens to the light, therefore, it may exceed the erroneous 

domain under the condition that needs highly precision. Besides that, because the amount of model’s 

calculation is very large, so it is better to use the mathematical software. 

It is possible to reduce the number of equations by using geometric knowledge to simplify the 

equations. It is also possible to reduce the quantity of equations and conclusions by using the relation 

between geometry to combine the equations, and then it is much simpler to calculate the equations. In 

addition to that, this paper mainly focuses on the fixation of object’s position in space by using the 

doubled-sight measuring method, we can make use of the same theory to measure the space structure 
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of an object by using many digital cameras, the purpose of this is to restore the real shape of an object. 

Because it is very complicated to settle such problem, so we don’t discuss the problem here.  
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Abstract: Digital Cameras positioning has a wide range of application in the aspect of traffic 

monitoring (e-police).In this paper, the author builds and solves the mathematical model of 

positioning of monocular by edge detection methods and physical principles of optical imaging of 

Gauss, and offers a distortion error algorithm to test models, and finally sets up to solve the problem 

of relative position of multi-cameras. The introduction of distortion error algorithm, could be used 

to quantitatively examine the models in the first two steps. In accordance with the image situation 

of multi-image planes, the relative position between the cameras could be determined. This model 

of camera generates Multi-Vision Inspecting Technique of general distribution of the relative 

position. Relative position can be figured out if only the parameters of the pictures to be determined 

are available to determine the inner and outer parameters of the camera. 

Introduction 

Based on the perspective projection transformation, the track of space ellipse (circle as a special 

case) in the digital camera plane is elliptic curve. In order to obtain accurate center of space ellipse, 

the current visual inspection method is to get camera he two-dimensional center of the space ellipse 

on the plane of digital camera and then calculate the three-dimensional coordinate which is the 

center of space ellipse based on detection model of visual. And the elliptical center through being fit 

out the elliptical curve on digital camera’s plane is the accurate two-dimensional image point[1]. 

However, this approach is only an approximate method. And for the inherent characteristics of 

perspective projection transformation, this method is accurate only in space with an oval 

cross-section plane parallel to digital camera’s plane. In most cases, there are some deviations 

which are called distortion error. If in practical applications, we substitute the center of being fit out 

on the image plane for the center of the space ellipse, such introduction of errors in measurement 

will be inevitable as. 

When straight line AD is determined, their corresponding point coordinates can be identified. In 

accordance with the principle of convex lens imaging, the point of intersection of line GF and the 

line going through E and the middle point on the line of AD is the point J. The middle point of GF if 

I, and the line going through I and E intersects with the line AD at C[2]. And |BC| is regarded as the 

distortion error of point which could also expand the space. The error’s level of points can be 

expressed by the distortion error. 

About algorithm error distortion 

Define error distortion theoretically and from data: 

For this problem, based on the perspective projection transformation and spatial analytic geometry 

theory, we can deduce three-dimensional visual inspection of the mathematical model of imaging 
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error-deformation of the center in the oval [3]. Elliptical space imaging camera schematic is as 

shown in Fig.1. 

For the convenience of calculation, general consideration is advised. The position relation of 

11111 DCBAO  are as follows: one axis: 11CA  of 1111 DCBAO'  is orthogonal to Vector 1OO' , and an 

inclined elliptic cone which is through the centre of perspectives O is regarded as 1111 DCBAO'   

formed on 'z'y'xO'  , and 1111 DCBOA  on Oxyz . Then an isosceles triangular 11O' C∆A  is 

formed by the visible outline of 1111 DCBA'O . If 1111 OOCCOA '' ∠=∠=θ , 
2

11

π
>∠   DO'O , then 

11 OOD '∠=φ ; if the angle between Vector 2BO'  and the positive half of the 'x -axis 

anticlockwise= ϕ , then the image plane curve Γ  of 11111 DCBAO  can be established. 

In Oxyz , Γ  is the line of section between π  and 1111 DCBOA . If the equation of π  is: 

( ) 0=x,y,zF , and the equation of 1111 DCBOA  is ( ) 0=x,y,zG , then the equation of Γ is as follow. 

In the plane 'z'z 0= , the equation can be expressed as  
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After simplifying, and set 'z0  as the variable, that is to substitute 
'z  for 'z0 .then the equation of 

1111
' DCBAO  on '''' zyxO  is  

2

2
'

2''''

2

2''''

)(tan

)]coscos(cos)coscos(sin[

]sincos)[tan(

)]coscos(sincoscos[cos

z
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+

−+

−+−

θ

βγϕαγϕ

γγφγ
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From Figure 8, there is revolving relation between Oxyz  and '''' zyxO . Established by the 

following formula:  
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If γγφγ sincos)tan(u −+= , from ⑹ and ⑸, the equation of 1111 DCBOA  in Oxyz  can be 

changed into as follows: 
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Fig.1 Space ellipses’ imaging schematic of camera 

Then the equation of perspective projectionΓ formed on π  by 11111 DCBAO  in Oxyz  is  

02
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22222222

=−++−+

+−++−++−++−+
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From the second question, we can know Γ  is in the form of an ellipse or a circle. Then the 

coordinates of the center )b,a(  of Γ  is 

2 2 2

2 2 2 2 2 2 2

2 2 2

2 2 2 2 2 2 2
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The model of actual pinpointed coordinates of the center 

The actual pinpointed coordinates of the center 1O of 11111 DCBAO  can be identified through the 

intersection of line 1OO  and π . First establish the equation of 1OO . The intersection between 

1OO  and fz =:π  is the actual image point of 1O [3]. Take fz =  into ⑾, then  

frryrrxrr )coscos()coscos()coscos( 398271 αγβγαγ −=−+−  
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frryrrxrr )coscos()coscos()coscos( 698574 αγβγαγ −=−+−  

Based on ⑿, the coordinates of actual image point ),( '' ba  can be expressed as  
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In order to verify the error of model in the second part, take one ellipse as the object in the study, 

the shape of any circle of the five can be identified according to the length of its major and minor 

axes.  Reversibility of optical path can be used to identify the center of the circle and to search the 

trajectory of the round in the target plane[4].  

Get the image coordinate of the center in the image plane and calculate the distance between the 

image point and elliptical center and then identify the distortion error. 

Determination of the camera by the corresponding quadratic curve relation between the 

target and the image 

The information proves that the trajectory of the target is in the shape of round, but according to the 

second issue, the corresponding trajectory is expected to be an elliptical track. What the paper is 

going to do next is to determine the camera by the corresponding imaging relation    between the 

target and the image.  

First of all, consider the constraint of the intrinsic parameters of digital camera when there is only 

one plane. Such signals are used to signify certain meanings. T
vum ],[==== :two-dimensional point in 

the image; 

If the circle of plane curve is located in the target plane, its projection in the plane is ellipse Q , 

which has been proved， then they can be expressed as :
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then 2xH ， 3xH  can also be figured out. After the solution of 
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can be known（for 21 rr ⊥ ）. 

The two equations above are two basic constraints of the intrinsic parameters of camera from one 

homographic matrix. 8 degrees of freedom exist in one homographic matrix, and 6 external 

parameters (3 rotations and 3 translations). Therefore only 2 constraints of the intrinsic parameters 

of camera can be known from one homographic matrix. 1−− KK T  express the projection of the 

absolute conic on the image plane. 

Solution of the parameters 
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Two homogeneous equations with b  as the unknown quantity can be identified: 
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Solution and Conclusion  

From the simultaneous system of equations about n pictures of the target plane, 0=vb  can be 

known. v  is a matrix of 62 ×n .if 3≥n ，generally,b can be identified under the condition with the 

difference of  one scale factor. 2n =  is what the paper is going to solve. One additional 

constraint γ = 0 which is [0  1  0  0  0  0]b=0, is introduced as one additional equation of (a), 

then the solution of (a) is the corresponding feature vector of the smallest characteristic value of 

Matrix vvT .When b is solved, 1−K  can also be identified by Cholesky decomposition algorithm 

of matrix, and K  can be identified through inversion. The external parameters of every pictures 

are as follows:
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11
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Till now, the intrinsic and extrinsic parameters are both identified. The whole process is as follows:   

（1）put the target into the space rectangular coordinate system 

（2）take pictures from two different positions by two digital cameras(same way as one camera 

taking two pictures in different positions) 

（3）extracting two images 

（4）Identify the matrix of the intrinsic and extrinsic parameters of the camera according to the 

method ( identifying the relative position of the two pictures)  

The result proves that once the parameters of the characteristic locus can be identified in the two 

photographic planes, the relative position of the two cameras can be known, for the image is formed 

inside the camera.  
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Abstract. A bivariate spline is a piecewise polynomial with some smoothness defined on a
partition. In this paper, we mainly study the dimensions of bivariate C1 cubic spline spaces
S1,0
3 (∆CT ) and S1,1

3 (∆CT ) with homogeneous boundary conditions over ∆CT by using interpo-
lating technique, where ∆CT stands for a CT triangulation. The dimensions are related with
the numbers of the inter vertices and the singular boundary vertices. The results of this paper
can be applied in many fields such as the finite element method for partial differential equation,
computer aided design, numerical approximation, and so on.

Introduction

For a simply connected domain D ⊂ R2, let ∆ be a partition of the domain D given by finite
irreducible curves, and Di(i = 1, 2, . . . , N) the cells. For integers k and µ with k > µ ≥ 0, define
a bivariate spline space with degree k and smoothness µ over the domain D with respect to the
partition ∆ as follows([1, 2]):

Sµk (∆) = {s ∈ Cµ(D) | s|Di
∈ Pk,∀Di, i = 1, 2, . . . , N},

where Pk denotes the set of all real bivariate polynomials with total degree k.
Recently, many scholars have studied bivariate spline spaces with homogeneous boundary con-
ditions, defined as:

Sµ,rk (∆) = {s ∈ Sµk (∆) | ∂
ds

∂nd
|∂D ≡ 0, d = 0, 1, . . . , r},

where ∂D denotes the boundary of the domain D and r ≤ µ. Obviously, Sµ,rk (∆) is a linear
subspace of Sµk (∆). The spline in Sµ,rk (∆) is also important and useful in CAGD, plate bending
problem, scientific computation, and so on. There are currently many research papers on this
topic. In [3] and [4], the bivariate spline spaces S1,r

3 (∆
(1)
mn) and S1,r

2 (∆
(2)
mn) were well investigated,

where ∆
(1)
mn and ∆

(2)
mn are uniform type-1 and type-2 triangulations respectively. The bivariate

spline space S1,r
2 (∆̃

(2)
mn) over a non-uniform type-2 triangulation ∆̃

(2)
mn was well studied in [5].

While in [6], the dimension of the bivariate spline spaces S1,1
k (∆

(1)
mn) with k ≥ 4, and S1,1

k (∆
(2)
mn)

with k ≥ 3 are given. In [7], the dimension and the bases of the so-called Powell-Sabin spline
space subjected to homogeneous Dirichlet and Neumann boundary conditions were compre-
hensively investigated. In [8], Liu et al. determined the dimensions and constructed the locally
supported bases for the C1 cubic spline space and its subspaces with boundary conditions over
a non-uniform type-2 triangulation.
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In this paper, we are aimed to study bivariate C1 cubic spline spaces S1,0
3 (∆CT ) and S1,1

3 (∆CT )
with homogeneous boundary conditions over a CT triangulation ∆CT , where ∆CT (Figure 2)
is introduced by Clough and Tocher originally in [9], is a kind of remarkable refinement in the
relative literature. For arbitrary triangle in a given triangulation ∆ (Figure 1), we divide it into
three sub-triangles at any interior point of the triangle. And it has been proved that there exists
a unique bivariate C1 cubic spline on ∆CT (Figure 2) interpolating the function values and the
gradient values at the vertices of all triangles, and the normal derivatives at the midpoints of
all edges of the triangulation ∆.

Figure 1. The original triangulation ∆. Figure 2. The CT refinement ∆CT .

The remainder of paper is organized as follows: In Section 2, S1
3(∆CT ) is briefly introduced for

the sake of integrity. In Section 3, we mainly study the dimensions of S1,0
3 (∆CT ) and S1,1

3 (∆CT )
respectively. Finally, this paper concludes in Section 4.

Preliminaries

We begin by introducing the notations which we shall use throughout the paper. For a simply
connected polygonal domain D with a regular triangulation ∆, let

EI : number of the interior edges of ∆, EB : number of the boundary edges of ∆,
E = EI + EB : number of the edges of ∆, VI : number of the interior vertices of ∆,
VB : number of the boundary vertices of ∆, ṼB : number of singular boundary vertices of ∆,

V = VI + VB : number of the vertices of ∆.

For example, in Figure 2, VI = 2, ṼB = 1, E = 17 and EI = 10. Let Es and Vs denote the
set of the edges and the vertices of ∆, EIs and VIs denote the set of the interior edges and the
interior vertices of ∆, ṼBs denotes the set of the singular boundary vertices of ∆, respectively.
(See Section 3 for the definition of a singular boundary vertex.)
For a triangle4(v1v2v3), split it into three sub-triangles. For any given f(x, y) ∈ C1(4(v1v2v3)),
there uniquely exists a bivariate C1 cubic spline s(x, y) satisfies the following conditions

s(vi) = f(vi), ∇s(vi) = ∇f(vi),
∂
∂ni
s(mi) = ∂

∂ni
f(mi),

where ∇f denotes the gradient of f , ∂
∂ni
f(mi) denotes the normal directional derivative of

f at the midpoint mi on the edge ei := vivi+1 (i = 1, 2, 3 and v4 = v1). Similarly, for a CT
triangulation ∆CT (Figure 2), we can get a unique bivariate globally C1 cubic spline interpolates
the following conditions ([2, 10]):

s(v) = f(v), ∇s(v) = ∇f(v), ∂
∂ne

s(me) = ∂
∂ne

f(me),
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where v ∈ Vs, me is the midpoint of the edge e ∈ Es, ne is the normal direction at me.
By the unique existence of the interpolation spline, the dimension of S1

3(∆CT ) is 3V +E. Its
locally supported bases V j

i (x, y) and Ek(x, y) can be constructed by the following interpolation
conditions: 

V j
i (vl) = δilδj0

∇V j
i (vl) = δil(δj1, δj2)
∂

∂neh
V j
i (meh) = 0

and


Ek(vl) = 0

∇Ek(vl) = (0, 0)
∂

∂neh
Ek(meh) = δkh

where i = 1, 2, · · · , V ; l = 1, 2, · · · , V ; h = 1, 2, · · · , E; k = 1, 2, · · · , E; j = 0, 1, 2, and δαβ are
the Kronecker symbols.

Main Results

Bivariate spline space S1,0
3 (∆CT ) From the definition of bivariate spline space with bound-

ary conditions, we have:

S1,0
3 (∆CT ) = {s|s ∈ S1

3(∆CT ), s|∂D ≡ 0}.

For any spline s ∈ S1,0
3 (∆CT ) ⊂ S1

3(∆CT ), it can be expressed as follows:

s(x, y) =
V∑
i=1

(s(vi)V
0
i (x, y) +

∂s(vi)

∂x
V 1
i (x, y) +

∂s(vi)

∂y
V 2
i (x, y)) +

E∑
h=1

∂s(meh)

∂neh
Eh(x, y), (1)

where vi ∈ Vs (i = 1, 2, · · · , V ), meh is the midpoint of the edge eh ∈ Es (h = 1, 2, · · · , E).
The restriction of s(x, y) on each edge of ∆CT is a univariate cubic polynomial. In particular,
for a boundary edge eb, let v1 := (x1, y1) and v2 := (x2, y2) be its two endpoints, eb :=
(x2 − x1, y2 − y1) the directional vector. Suppose that the restriction of s(x, y) on eb is s(t).
So, the necessary and sufficient conditions for s(t) ≡ 0 are that the function values and the
directional derivatives along eb at the endpoints of eb vanish simultaneously, this implies:

s(v1) = s(v2) = 0
∂s(v1)
∂x

(x2 − x1) + ∂s(v1)
∂y

(y2 − y1) = 0
∂s(v2)
∂x

(x2 − x1) + ∂s(v2)
∂y

(y2 − y1) = 0

.

For a representative boundary vertex v0 := (x0, y0), let eL := vLv0 and eR := v0vR be the two
boundary edges emanating from it, where vL := (xL, yL) and vR := (xR, yR) are the left and
right neighboring points, respectively. From the above discussion, at each boundary vertex v0,
we have: 

s(v0) = 0
∂s(v0)
∂x

(x0 − xL) + ∂s(v0)
∂y

(y0 − yL) = 0
∂s(v0)
∂x

(xR − x0) + ∂s(v0)
∂y

(yR − y0) = 0

. (2)

If vL, v0 and vR are not collinear, then we get s(v0) = ∂s(v0)
∂x

= ∂s(v0)
∂y

= 0. v0 is called a non-
singular boundary vertex. Conversely, if vL, v0 and vR are collinear, then v0 is called a singular
boundary vertex. The second equation and the third equation in (2) are linearly dependent.
Thus, the gradient of s at v0 does not necessarily vanish. We study this special case particularly.
Let (cos θ0, sin θ0) and (sin θ0,− cos θ0) be the unit directional vector and the unit norm vector
of the line vLv0vR respectively, we construct two aided splines:

F u
v0

(x, y) = cos θ0V
1
v0

(x, y) + sin θ0V
2
v0

(x, y),
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F n
v0

(x, y) = sin θ0V
1
v0

(x, y)− cos θ0V
2
v0

(x, y).

It is easy to observe that the directional derivatives of F u
v0

(x, y) and F n
v0

(x, y) along (cos θ0, sin θ0)
and (sin θ0,− cos θ0) are 1, 0 and 0, 1 respectively. We have:

V 1
v0

(x, y) = cos θ0F
u
v0

(x, y) + sin θ0F
n
v0

(x, y),

V 2
v0

(x, y) = sin θ0F
u
v0

(x, y)− cos θ0F
n
v0

(x, y).

Submitting into (1), noting that ∂s(v0)
∂x

cos θ0 + ∂s(v0)
∂y

sin θ0 = 0, we get:

s(x, y) =

ṼB∑
ĩ=1

(
∂s(ṽi)

∂x
sin θṽ

i
− ∂s(ṽi)

∂y
cos θṽ

i
)F n

ṽ
i
(x, y) +

E∑
h=1

∂s(meh)

∂neh
Eh(x, y)

+

VI∑
i=1

(s(vi)V
0
i (x, y) +

∂s(vi)

∂x
V 1
i (x, y) +

∂s(vi)

∂y
V 2
i (x, y)),

where vi ∈ VIs, i = 1, 2, · · · , VI ; ṽi ∈ ṼBs, ĩ = 1, 2, · · · , ṼB; and meh is the midpoint of the edge
eh ∈ Es, h = 1, 2, · · · , E. Notice that the right-hand splines in the above linear combination
are still linearly independent, so we have:

Theorem1. The dimension of S1,0
3 (∆CT ) is 3VI +E+ ṼB. V

j
i (x, y), F n

ṽ
i
(x, y) and Eh(x, y) are

the basis splines, where i = 1, 2, · · · , VI , j = 0, 1, 2, ĩ = 1, 2, · · · , ṼB and h = 1, 2, · · · , E.

Bivariate spline space S1,1
3 (∆CT ) By the definition of bivariate spline space with boundary

conditions, we have:

S1,1
3 (∆CT ) = {s|s ∈ S1,0

3 (∆CT ),
∂s

∂n
|∂D ≡ 0}.

For an arbitrary spline s(x, y) ∈ S1,0
3 (∆CT ), ∂s(x,y)

∂n
|e is a univariate quadratic polynomial, where

∂s(x,y)
∂n
|e denotes the restriction of ∂s(x,y)

∂n
to the boundary edge e := v1v2.

∂s(x,y)
∂n
|e ≡ 0 is equivalent

to
∂s(v1)

∂n
=
∂s(v2)

∂n
=
∂s(me)

∂n
= 0.

Therefore, if s(x, y) also belongs to ∈ S1,1
3 (∆CT ), we conclude that for any boundary vertex v0

and any boundary edge e, we have:

s(v0) = ∂s
∂n

(me) = 0
∂s(v0)
∂x

(x0 − xL) + ∂s(v0)
∂y

(y0 − yL) = 0
∂s(v0)
∂x

(xR − x0) + ∂s(v0)
∂y

(yR − y0) = 0
∂s(v0)
∂x

(y0 − yL)− ∂s(v0)
∂y

(x0 − xL) = 0
∂s(v0)
∂x

(yR − y0)− ∂s(v0)
∂y

(xR − x0) = 0

.

This implies:

s(v0) =
∂s

∂x
(v0) =

∂s

∂y
(v0) =

∂s

∂n
(me) = 0.

Shaobo Zhong, Yimin Cheng and Xilong Qu 491WWW.BEHSAZPOLRAZAN.COM



Hence, for an arbitrary spline s(x, y) ∈ S1,1
3 (∆CT ), it can be expressed as follows:

s(x, y) =

VI∑
i=1

(s(vi)V
0
i (x, y) +

∂s(vi)

∂x
V 1
i (x, y) +

∂s(vi)

∂y
V 2
i (x, y)) +

EI∑
h=1

∂s(meh)

∂neh
Eh(x, y),

where vi ∈ VIs, i = 1, 2, · · · , VI ; and meh is the midpoint of the edge eh ∈ EIs, h = 1, 2, · · · , EI .
By the linearly independence of the splines in the above linear combination, we obtain the
following theorem:

Theorem2. The dimension of S1,1
3 (∆CT ) is 3VI + EI . V

j
i (x, y) and Eh(x, y) are the locally

supported basis splines, where i = 1, 2, · · · , VI , j = 0, 1, 2; and h = 1, 2, · · · , EI .

Conclusions

In this paper, we obtain the the dimension of bivariate C1 cubic spline space with homogeneous
boundary conditions over a CT triangulation. The results of this paper can be applied in
many fields such as the finite element method for partial differential equation, computer aided
geometric design, numerical approximation, and so on.
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Abstract. The proposed hybrid parallel evolutionary method for Job Shop scheduling with parallel 

machines was verified by application in a steam turbine factory. The population diversity was 

improved, and premature elimination of reasonable evolutionary patterns could be avoided. The 

results indicated that the energy consumption was saved by using this method while the limits of time 

and costs were satisfied. 

Introduction 

Current market trends such as variety of consume demands; shorter product life cycles, lower 

production costs and energy consumption have resulted in the need of rapid responding in production. 

Effective and accurate production schedule is viewed as a competitive tool by the manufacturing 

firms to respond to the market nowadays [1]. Therefore many experts focus on the methods for 

scheduling.  

An integrated optimization model of production planning and scheduling for batch production was 

constructed in [2]. The function objective of the proposed model was to minimize the sum of total 

setup cost, stock cost and production cost. These ants coordinated with each other by simulating the 

ant foraging behavior of spreading pheromone on the trails, by which they could make information 

available globally, and further more guide ants made optimal decisions. An evolutionary tabu search 

(GTS) was presented in [3]. An effective neighborhood structure was proposed which was based on 

the famous TSAB algorithm, to achieve the right balance between intensification and diversification 

searches. A proposition concerning the neighborhood swapping strategy was presented and proved in 

[4], which could be used to verify whether a neighborhood swapping was acceptable or not. A 

nonlinear mix integer programming model was presented and solved by a hybrid genetic algorithm in 

[5]. In the hybrid algorithm, the heuristic rules are used to improve the initial solutions. The proposed 

algorithm in [6] applied the parallel hybrid architecture of collaborative evolutionary algorithm and 

genetic algorithm, in which a kind of migration operator was designed to dynamically associate the 

coevolved subpopulations and the independently evolved common population.  

In this paper, parallel hybrid architecture was applied in hybrid collaborative evolutionary 

algorithm, in which the collaborative evolutionary algorithm and the genetic algorithm were included. 

A kind of migration operator was designed to dynamically associate the coevolved subpopulations 

and the independently evolved common population. This gives full play to the role of both algorithms. 

The best complete solution resulting from the coevolved subpopulations would be reserved and 

migrated into common publication for further evolution. And this algorithm could avoid premature 

elimination of proper evolutionary patterns, which was decided by the dynamic property of 

collaborative evolutionary algorithm. A neighborhood-based evolutionary strategy was also 

employed to improve the population diversity. Both mutation operator and crossover operator were 

designed according to the characters of practical problem  
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Scheduling Optimization Model in Manufacturing Cell 

The problem of Job Shop scheduling with parallel machines considering energy consumption is to 

determine which machine will be used in machining process, what is the starting time of process and 

processing sequence, and then make the best scheduling performance under the conditions. Here, 

scheduling indexes include completion time Cmax, number of tardiness work pieces nT and energy 

consumption ec. 

                              { }max max | 1, 2,...,iC C i n= =                                                                     (1) 

                              
1

n

T i

i

n U
=

= ∑                                                        (2)  

                              
1

m

l l

i

ec ec p
=

= ∑                                                    (3) 

Where pl is total working time of the machine Ml (subscript l is machine ID).  

The scheduling target is to minimize completion time, reduce the number of tardiness work pieces, 

and decrease energy consumption. The objective function is as follow: 

                              ( )maxmin min Tf C n ec= + +                             ( 4 ) 

Solving this kind of scheduling problem comprises two decision processes. One is to assign 

operation ( 1,2,..., ; 1,2,..., )ij iO i n j n= =  of work piece ( 1,2,..., )iJ i n= to a machine belonged to machinery 

group { }| 1,2,...c

ij lM l Wµ ∈ = . When  1ijµ =  , the operator ijO  will be assigned to the only machine in 

that group. The other is to decide the processing sequence of the machine ( )1,2,...,lM l m=  , where 

1

W
c

l

i

m M
=

=∑   is the number of machines 

Flow of Algorithm 

In general, the population diversity has a great affect on the searching speed of genetic algorithm. 

The population with higher diversities can avoid the local optimum by producing new evolution 

patterns successively. Here a neighborhood-based evolutionary strategy was adopted to improve the 

population diversity. Operation allocation subpopulation P (1)  , operation sequencing subpopulation  

P(2)  and common population  P(3)   were all designed based on a 2D square grid architecture, where 

[ ] ( 1, 2,3)ijNP k k =   is a 3x3 neighborhood including individual (i, j) and 8 neighbors which belonged 

to population  P (k). 

The proposed evolutionary schema includes these steps: First a random evolutionary center (i, j) is 

selected and the 3x3 neighborhood [ ] ( 1, 2,3)ijNP k k =  constructed; collaborative evolutionary 

algorithm is used in the neighborhoods of [1]ijNP   and [2]ijNP  . Independently evolution schema is 

used in the neighborhood of [3]ijNP . At last, repeat this process through choosing another evolution 

center (i, j) until the termination criterion is satisfied. The algorithm flow is as follow: 

Step 1: Initialize and generate 3 kinds of population P (k)(1,2,3) , where P(1)  is operation 

allocation subpopulation,  P(2) is operation sequencing subpopulation and   P(3)  is common 

population. 

Step 2: Evaluate the fitness values of the initial individuals in every population. In common 

population, the evaluation of initial individual can be executed directly to determine the best fitness 

value. However a symbiotic companion is needed in the evaluation of sub-populations P (1) and P (2). 

The symbiotic companion is the individual with the same order in the other subpopulation. 

Step3: Choose a evolution center (i, j) and construct neighborhood [ ] ( 1, 2, 3)ijNP k k = , set   q =1.  
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Step 4: Execute the hybrid collaborative evolutionary based on neighborhood [ ]ijNP q  . 

Choose parent individuals from neighborhood [ ]ijNP q by fitness based roulette mechanism. And 

generate two children individuals according crossover operator. Then replace two individuals of 

lowest fitness in the neighborhood [ ]ijNP q . 

Execute mutation operation on the individuals in the neighborhood [ ]ijNP q   according the 

mutation probability.  Evaluate the fitness values of evolved individual. Meanwhile, the evolved 

individuals in common population can be evaluated directly. The best fitness value fbest will be 

renewed if the evolved individual has a higher fitness value. 

Set   q←q+1, where q is the number of populations. Back to step 4 if   q ≤3, otherwise step to 5. 

Step 5: Replace the individuals of lowest fitness in neighborhood [3]ijNP   with the co-evolved 

individuals of the neighborhood [ ] ( 1, 2)ijNP q q = . That means migrate operation allocation 

subpopulation and processing sequence subpopulation according the migration operator. 

Step 6: Stop the evolutionary procedure if the terminal criteria are satisfied; otherwise back to step 

3 and start a new round of evolution. 

Algorithm Design 

Encoding    

Use combinations of machine operation set 1τ , ( )1 2, ,..., ,..,u l mS τ τ τ τ= , to indicate the operation allocation 

solution to the scheduling problem. Here  ( 1,2,..., )l l mτ = =  is operation set allocated to machine lM  . 

Use combinations of processing sequences of machine  ( 1, 2,..., )lM l m=  , ( )1 2, ,..., ,..,v l mS τ τ τ τ=  , 

to indicate the operation sequence resolution of scheduling problem as well as the final resolution to 

whole scheduling problem . Where ( 1,2,..., )l l mπ =   is the sequence of operations to be executed on the 

machine lM   in set 1τ  . 

Initialization of population  

Get the initial solution of operation allocation problem by using load balancing strategy. First, the 

operations in { }| ; 1,2,..., ; 1,2,...,c

ij ij l iO M i n j nµ = = =  , which need .to be executed on the parallel machines 

{ }| 1; 1,2,...c c c

l i iM M M i W∈ > = , were sorted according to the ascending order of operation time. Then 

according to the sorted sequence, every operation in the set will be allocated to the least loaded 

machine in parallel machines respectively. Here, machine load is the sum of operation time of 

operations to be executed on it. At last, the operation in { }| 1; 1,2,..., ; 1,2,...,ij ij iO i n j nµ = = =  would be 

assigned to the only machine on which the operation can be executed. 

Selection  

A roulette mechanism based operator was adopted to select the parent individuals for crossover 

operation. The higher fitness value of the parent individual is, the higher possibility it will be chosen. 

Crossover Operation  

In crossover operation, arbitrary two random operations in set jτ   and kτ  were chosen respectively, 

then their operation orders would be exchanged in parent individuals. Where jτ   and kτ are operation 

sets of machines , c

j k lM M M∈  , both belonged to same machinery group { }| 1; 1,2,...c c c

l i iM M M i W∈ > = .  

In subpopulations P (1) and P (2), crossover operations were performed respectively according to this 

strategy. In common population   P(3) , crossover operations in both parts were performed 

simultaneously according operation allocation strategy and sequencing schema. 
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Mutation  

In operation allocation subpopulation, arbitrary two operations in set jτ   and kτ  were chosen 

respectively and the operation in set ( )k jτ τ   would mutate to the other set ( )k jτ τ .Where, jτ   

and kτ are operation sets of machines , c

j k lM M M∈ , both belonged to same machinery 

group { }| 1 ; 1,2,...c c c

l i iM M M i W∈ > = . A position-exchanging mutation operator was introduced in 

sequencing subpopulation. In the process of mutation, first, two random positions in an arbitrary 

processing sequence ( 1, 2,..., )l l mπ =  will be chosen; then their orders will be mutated to each other. 

Just like that in crossover operation, mutation of individual in common population   P (3) was 

executed in both parts simultaneously.   

Migration  

A migration operator was proposed here in order to keep the best complete solution individual as 

the substitute of the worst one in the neighborhood of common publication. One priority of this 

schema is that the reasonable evolutionary patterns deduced from coevolved subpopulations will be 

reserved for further evolution. The other is that these complete solution individuals coming from 

outside of common populations will enhance the population diversity, avoid local optimum, and 

improve the whole performance of the proposed algorithm. 

Fitness Value  

Symbiotic companion was introduced because that the individuals of subpopulations were not 

complete solution. The method for symbiotic companion selection is various and that depends on the 

practical problem. The easy schema used here is to choose a random individual in the neighborhood. 

After that, the complete solution, combination of individuals in subpopulations and their symbiotic 

companion will be substituted in (1) - (4), then objective equation values will get. The objective 

equation value was used as fitness values in this paper. 

Case Analysis 

In this case there are 5 manufacturing tasks, 15 work pieces and 6 available machines. Partial data 

of tasks in a manufacturing unit are showed in Table I . The unit of costs is hundred yuan, the unit of 

energy consumption is kilogram standard coal, and the unit of time is working day. “—” means the 

operation cannot be supported by this machine. Scheduling scheme in the manufacturing unit is 

showed as Fig.1, and data of the manufacturing tasks are showed in Table II. The unit of costs is yuan, 

and the unit of time is working day. 

Table 1   Partial Data of Tasks in A manufacturing Unit 
Manufac- 

turing 

Task 

Workpiece   Due 

Date   

Operation M1/M2/M3  M4  M5  M6 

C EC T C EC T C EC T C EC T 

1  

 

J1,J2,J3  20  

  

1 7 28 7 — — — 8 18 6 — — — 

2 8 32 8 8 24 8 9 21 7    

2  

 
J4,J5  10  

  

1 6 24 6 — — — 6 15 5 8 12 4 

2 4 16 4 — — — — — — 6 9 3 

3  

 

J6,J7  27  

  

1 7 28 7 — — — 8 18 6 — — — 

2 6 24 6 6 18 6 7 15 5 8 12 4 

3 4 16 4 4 12 4 4 9 3 6 9 3 

4  

 

J8,J9  20  

 

1 7 28 7 7 21 7 8 18 6    

2 5 20 5 5 15 5 6 15 5 8 12 4 

3 — — — — — — — — — 6 9 3 

5 J10,J11,J12,  

J13,J14,J15 

21   1 3 12 3 3 9 3 3 6 2 4 6 2 

 

 

496 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

 

Tables 2   Data of the Manufacturing Tasks in the Unit 
Manufacturing  

Task 

Total   

Costs 

Average 

Costs 

Total Energy  

Consumption 

Average Energy  

Consumption 

Average Energy   

Consumption in History 

Completion 

Time 

Work 

Time 

1 3600 1200 152 50.7 61.3 20 20 

2 1860 930 79 39.5 44.5 10 10 

3 2980 1490 113 56.5 67.9 27 21 

4 2600 1300 93 46.5 53.7 20 20 

5 5256 876 224 37.3 43.7 21 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Scheduling scheme in the manufacturing unit 

Table II  shows that about 16% energy consumption is saved by using this method, at the same time 

the limits of time and costs are satisfied.  

Conclusions 

In order to solve the problem of Job Shop scheduling with parallel machines considering energy 

consumption, an optimization model of Job Shop scheduling with parallel machines was constructed, 

in which the energy consumption factor was included. The objective function of the model was to 

minimize the sum of completion time, number of tardiness work pieces and energy consumption. A 

hybrid collaborative evolutionary method was adopted to design the algorithm of Job Shop 

scheduling with parallel machines. In the algorithm a neighborhood-based evolutionary strategy was 

adopted to improve the population diversity. Finally, feasibility and effectiveness of the method are 

verified by an application case. 
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Abstract: In [1] it gives an ideal of Hilbert Algebras in BCK-algebras, as well as some propositions. 

So in this paper, we will give a fuzzy Ideal of Hilbert Algebras in BCK-algebras and it’s 

propositions. 

Introduction 

The notion of BCK-algebras was formulated first in 1966 by K. Iséki, Japanese Mathematician. 

This notion is originated from two different ways. One of the motivation is based on set theory, 

another motivation is from classical and non-classical propositional calculi. The notion of ideals in 

BCK-algebras was introduced by K. Iséki in 1975.The ideal theory plays a fundamental role in the 

general development of BCK-algebras, Y. L. Liu and J. Meng discussed fuzzy ideal, fuzzy positive 

implicative and fuzzy implicative ideal in BCI-algebras. So in this article we will give a fuzzy ideal 

of Hilbert Algebras in BCK-algebras, and some propositions. 

Definition 1.1 Let X be a subset with a binary operation∗ and a constant 0.  Then ( ; ,0)X ∗ is   

called a BCK-algebra if it satisfies the following conditions: 

BCI-1 0)())()(( =∗∗∗∗∗ yzzxyx , 

BCI-2 0))(( =∗∗∗ yyxx , 

BCI-3 0=∗ xx , 

BCI-4 0=∗ yx and 0=∗ xy imply yx = , 

BCK-5 00 =∗ x . 

Definition1.2 Suppose H is a nonempty set, → is a binary operation on H , H∈1 . Then 

)1,,( →H is a Hilbert algebras if it satisfies the following conditions for any zyx ,, inH : 

1H  1)( =→→ xyx ; 

2H →→→ ))(( zyx 1))()(( =→→→ zxyx ; 

3H  If 1=→ yx and 1=→ xy , then yx = . 

Lemma1.1 Suppose )1,,( →H is a Hilbert algebras, the following conditions are satisfies for any 
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zyx ,, inH : 

4H =→→ )( zyx )()( zxyx →→→ ; 

5H  )()( zxyzyx →→=→→ ; 

6H →→ )( yx 1))()(( =→→→ zxzy ; 

7H  1))(( =→→→ yyxx ; 

8H  1=→ xx ; 

9H  11 =→ x . 

Let ( ; ,0)X ∗ be a BCK-algebra, a fuzzy set A in X is a map ]1,0[: →XA . If ξ is the family 

of all fuzzy sets in X , ξλ ∈x is a fuzzy point if and only if λλ =)(yx when yx = ; and 

0)( =yxλ when yx ≠ .We denote by })1,0(,{ ∈∈= λλ XxxX
�

the set of all fuzzy points on X and 

define a binary operations on X
�

as following: ),min()*(* µλµλ yxyx =  

It is easy to verify that ,*)(X
�

satisfies the following conditions: 

For any Xzyx
�

∈αµλ ,,  

BCK-(1’) ),,min(0)*(*)*(*)*(( αµλµααλµλ =yzzxyx  

BCK-(2’) ),,min(0*))*(*( µλµµλλ =yyxx  

BCK-(3’) λλλ 0* =xx  

BCK-(4’) ),,min(0*0 µλµλ =y  

The condition BCK-5 is not true in ,*)(X
�

.So the partial order ≤ in X can not be extend 

in ,*)(X
�

.We can also eatablish the following conditions:for any Xzyx
�

∈αµλ ,,  

(1) ),min(0* µλµλ xx =  

),min(0*)2( µλµλ =yx and ),min(0* αλαλ =zx imply ),min(0* αµαµ =zy  

),min(0*)3( µλµλ =yx imply *)*( αλ zx  ),,min(0)*( αµλαµ =zy  

µαλαµλ yzxzyx ∗= )*(*)*)(4(  
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),min(0*)*)(5( µλλµλ =xyx  

µλµλλλ yxyxxx ∗=))*(*(*)6(  

),,min(0*)*)(7( αµλαµλ =zyx imply ),,min(0)*( αµλµαλ =∗ yzx  

),,min(0)(*)]*(*)*)[(8( αµλµλαµαλ =∗ yxzyzx  

),,min(0]*)[(*)]*(*)*)*)[((9( αµλαµλαµλαλ =∗ zyxzyxzx  

ααλαλλαλ zzxzxxzx *)()]*(*[*)*)(10( ∗=  

If A is a fuzzy subset of a BCK-algebra X , A
�

is a subset of X
�

then we have the 

following: })1,0(,,)({ ∈∈≥= λλ λλ XxxAxA
��

 

For any )1,0(∈λ }{ XxxX
��

∈= λλλ , }{ AxxA
��

∈= λλλ  

Fuzzy Ideal and Propositions 

Definition2.1 Given a Hilbert algebras )1,,( →H , a nonempty subset I ofH is said to be a 

Hilbert ideal if it satisfies for all zyx ,, inH . 

(I) I∈1 , 

(II) Ixyz ∈→→ )( and Iyz ∈→ imply Ixz ∈→  

    Definition2.2 A fuzzy subset A of Hilbert Algebras in BCK-algebras X is a fuzzy subalgebra if 

and only if for any Xyx ∈, , ))(),(min()( yAxAxyA ≥→  

Definition2.3 A fuzzy subset A of Hilbert Algebras in BCK-algebras X is a fuzzy ideal if and 

only if: 

)1( For any )()1(, xAAXx ≥∈  

)2(  For any ))(),(min()(,, yAxyAxAXyx →≥∈  

Definition2.4 A
�

is a weak ideal of X
�

if and only if: 

)1( For any AAu u

�

∈∈ 1),Im( ; 

)2( For any Xyx
�

∈µλ ,  such that Axy
�

∈→ λµ and Ay
�

∈µ ,we have Ax
�

∈},min{ µλ  

Thorem2.1 Let A  is a fuzzy subset of a Hilbert Algebras in BCK-algebras X , then the 

following conditions are equivalent: 

)1( A  is a fuzzy subalgebra of X ; 
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)2(  For any )1,0(∈λ , λA
�

 is a subalgebra of X
�

; 

)3(  For any )1,0(∈t , the t-level subset })({ txAXxA
t ≥∈= is a subalgebra of X , when 

φ≠tA ; 

)4( A
�

is a subalgebra of X
�

. 

Proof )2()1( ⇒  Let λλλ Ayx
�

∈, ,because A  is a fuzzy subalgebra of X , we have 

λ≥≥→ ))(),(min()( yAxAxyA , hence λλλλ Axyxy
�

∈→=→ )(  

)3()2( ⇒  Let tAyx ∈, , because λA
�

 is a subalgebra, we have  

tttt Axyxy
�

∈→=→ )( , so tAxy ∈→  

)4()3( ⇒  Let Ayx
�

∈µλ , ,and ),min( µλ=t ,since tA is a subalgebra,  we have 

tAxy
�

∈→ ,so Axyxy ttt

�

∈→=→ )(  

)1()4( ⇒  Let Xyx ∈, and ))(),(min( yAxAt = ,since A
�

is a subalgebra, we have 

Axyxy ttt

�

∈→=→ )( , hence ))(),(min()( yAxAtxyA =≥→  

Thorem2.2 Suppose that A  is a fuzzy subset of a Hilbert Algebras in BCK-algebras X ,then 

the following conditions are equivalent: 

)1( A  is a fuzzy ideal; 

)2(  For any Ayx
�

∈µλ , , ),,min(1)( αµλαµλ =→→ zyx imply A
�

∈),,min(1 αµλ ; 

)3(  For any )1,0(∈t , the t-level subset })({ txAXxA
t ≥∈= is an ideal when φ≠tA  

)4( A
�

is a weak ideal. 

Proof )2()1( ⇒ Let Ayx
�

∈µλ , , ),,min(1)( αµλαµλ =→→ zyx ,Since A  is a fuzzy ideal, we 

have ),,min()()1( αµλλ ≥≥≥ xAA ,so A
�

∈),,min(1 αµλ  

)3()2( ⇒ Since φ≠tA ,let t
Ax∈ and )(xA=λ , λλλλ 1)1( =→→ xx , then we obtain 

A
�

∈λ1 , hence tA∈1  

Let tAxy ∈→ ,and tAy∈ , ttttt xxyy 1])[( =→→→ ,then we obtain Axt
�

∈ .Hence 

t
Ax∈  
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)4()3( ⇒ we can follow from theorem2.1. 

)1()4( ⇒ it is clear that for all )()1(, xAAXx ≥∈  

))(),(min( yAxyAt →= , Axyxy ttt

�

∈→=→ )( ,and Ayt
�

∈ ,since A
�

is a weak ideal., 

Axt
�

∈ ,so ))(),(min()( yAxyAtxA →=≥  
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Abstract: The concept of ideals play an important role in Hilbert Algebras in BCK-algebras, so 

here we will give some relationships between ideal, fuzzy ideal, commutative fuzzy ideal and weak 

ideal. 

Introduction 

A BCK-algebra is an important class of logical algebras and was extensively investigated by 

several researchers. The concept of fuzzy set was introduced by Zadeh in 1965. The notion of 

BCK-algebras was formulated first in 1966 by K. Iséki，Japanese Mathematician. Y. B. Jun and E. 

H. Roh introduced the concept of fuzzy commutative ideals and discussed the fuzzy characteristic 

commutative ideals in BCK 

-algebras. Y. B. Jun and Jie Meng discussed the fuzzy commutative ideals in BCI-algebras. In this 

paper will give some relationships between ideal, fuzzy ideal, commutative fuzzy ideal and weak 

ideal. 

In this paper, given a Hilbert Algebras in BCK-algebras )1,,( →X  and a fuzzy subset A on X , 

we construct the set ),( →X
�

of all fuzzy points on X and the subset A
�

of X
�

. 

})1,0(,,)({ ∈∈≥= λλ λλ XxxAxA
��

 

Definition1.1 Suppose H is a nonempty set, → is a binary operation on H , H∈1 . Then 

)1,,( →H is a Hilbert algebras if it satisfies the following conditions for any zyx ,, inH : 

1H  1)( =→→ xyx ; 

2H →→→ ))(( zyx 1))()(( =→→→ zxyx ; 

3H  If 1=→ yx and 1=→ xy , then yx =  

Definition 1.2 Let X be a subset with a binary operation∗ and a constant 0.  Then ( ; ,0)X ∗ is   

called a BCK-algebra if it satisfies the following conditions: 

BCI-1 0)())()(( =∗∗∗∗∗ yzzxyx , 
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BCI-2 0))(( =∗∗∗ yyxx , 

BCI-3 0=∗ xx , 

BCI-4 0=∗ yx and 0=∗ xy imply yx = , 

BCK-5 00 =∗ x . 

Definition1.3 Given a Hilbert algebras )1,,( →H , a nonempty subset I ofH is said to be a 

Hilbert ideal if it satisfies for all zyx ,, inH . 

(Ⅰ) I∈1 , 

(Ⅱ) Ixyz ∈→→ )( and Iyz ∈→ imply Ixz ∈→ . 

Definition1.4 A fuzzy subset A of Hilbert Algebras in BCK-algebras X is a fuzzy ideal if and 

only if: 

)1( For any )()1(,, xAAXx ≥∈  

)2(  For any ))(),(min()(,, yAxyAxAXyx →≥∈  

Definition1.5 A non empty subset I of X is called a commutative ideal if it satisfies: 

)1( I∈1  

)2( Ixyz ∈→→ )( and Iz∈ imply Ixyyx ∈→→→ ])[(  

Definition1.6 A fuzzy subset A of a Hilbert Algebras in BCK-algebras X is a fuzzy 

commutative ideal if and only if: 

)1( For any )()1(, xAAXx ≥∈  

)2( For any Xzyx ∈,, , ))()),((min()))((( zAxyzAxyyxA →→≥→→→  

Definition1.7 A
�

is a weak ideal of X
�

if and only if: 

)1( For any AAu u

�

∈∈ 1),Im( ; 

)2( For any Xyx
�

∈µλ ,  such that Axy
�

∈→ λµ and Ay
�

∈µ ,we have Ax
�

∈},min{ µλ  

Definition1.8 A
�

is a commutative weak ideal of X
�

if and only if: 

)1( For any AAu u

�

∈∈ 1),Im( ; 

)2(  For any Xzyx
�

∈αµλ ,, such that Axyz
�

∈→→ )( λµα and Az
�

∈α ,we have 

Axyyx
�

∈→→→ ),min(),min( ))(( µλµµµλ  
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Relationships 

Theorem2.1 Let A  be a fuzzy subset of a Hilbert Algebras in BCK-algebra X , then the 

following conditions are equivalent: 

)1( A  is a fuzzy commutative ideal; 

)2( A
�

 is a commutative weak ideal. 

Proof )2()1( ⇒ Let )Im(A∈λ ,suppose that )(xA=λ , since A  is a fuzzy  

commutative ideal, we have λ=≥ )()1( xAA  ,so A
�

∈λ1  

Let Axyz
�

∈→→ )( λµα , and Az
�

∈α , ),,min())(( αµλ≥→→ xyzA  and  

α≥)(zA , since A  is a fuzzy commutative ideal, we have 

    ))()),((min()))((( zAxyzAxyyxA →→≥→→→  

),,min()),,,min(min( αµλααµλ =≥  

So ),,min()))((( αµλxyyx →→→ Axyyx
�

∈→→→= ),min(),min( ))(( αλµµαλ  

)1()2( ⇒ Let Xx∈ and )(xA=λ , )Im(A∈λ . Since A
�

 is a commutative weak ideal, we 

have A
�

∈λ1 , so )()1( xAA =≥ λ  

If Xzyx ∈,, , let α≥)(zA and α=)(zA ,  

Axyzxyz
�

∈→→=→→ )())(( ),min( βαααβ , and Az
�

∈α .  

Since A
�

 is a commutative weak ideal, we have 

),min(),min( ))(( αβαααβ xyyx →→→ Axyyx
�

∈→→→= ),min()))((( βα  

So ),min()))((( βα≥→→→ xyyxA ))(),(((min( zAxyzA →→=  

Theorem2.2 A commutative weak ideal must be a ideal, but the converse does not hold in 

general. 

Theorem2.3 A fuzzy commutative ideal must be a fuzzy ideal, but the converse does not hold 

in general. 

Theorem2.4 Suppose that A
�

 is a weak ideal, then the following conditions are 

equivalent: 

)1( A  is commutative; 

)2( For all Xyx
�

∈µλ ,  such that Axy
�

∈→ λµ , we have  
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Axyyx
�

∈→→→ ),min(),min( ))(( µλµµµλ  

)3(  For any )1,0(∈t , the t-level subset })({ txAXxA
t ≥∈= is a commutative ideal when 

φ≠tA ; 

)4( A
�

 is commutative. 

Proof )2()1( ⇒ Let Axy
�

∈→ λµ , since A  is a fuzzy commutative ideal, we have 

))()),()((min()))((( xyAxyxyAxyyxA →→→→≥→→→

),min())())(),1(min( µλ≥→=→≥ xyAxyAA  

So ),min()))((( µλxyyx →→→ Axyyx
�

∈→→→= ),min(),min( ))(( µλµµµλ  

)3()2( ⇒ It is clear that tA∈1  

Let tAxyz ∈→→ )( and tAz∈ , we have  

t

tttt Axyzxyz ∈→→=→→ )())((  and t

t Az ∈ . Since A
�

 is a weak ideal, we have 

Axyxy ttt

�

∈→=→ )()( , then 

)))((( tttt xyyx →→→ Axyyx t

�

∈→→→= )))(((  

So )))((( tttt xyyx →→→ A
�

∈  

)4()3( ⇒ Let )Im(A∈λ ,it is clear that A
�

∈λ1  

If Axyz
�

∈→→ )( λµα  and Az
�

∈α . Let ),,min( µαλ=t , then  

tAxyz ∈→→ )(  and tAz∈ . Since tA  is a commutative weak ideal, we obtain 

Axyyx
�

∈→→→ ))(( . 

So txyyx )))((( →→→ ),,min()))((( αµλxyyx →→→=  

                     Axyyx
�

∈→→→ ),min(),min( ))(( αλµµαλ  

)1()4( ⇒ follows from theorem2.1 
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Abstract: Impact loads from the broken conductors are common for transmission lines, which can 

bring threaten to the safe operation of the transmission lines. Dynamic analysis of the conductors in 

transmission lines under broken load was carried out. A finite element model of seven span 

conductors in transmission line was established in general software ANSYS. The insulator and the 

phase spacer were considered in the FEA model. The broken load case can be realized by the 

birth-death element method in ANSYS. Stiffness of the broken conductor or insulator element was 

changed to be a near zero value in a very short time. Effect of the damping property of the conductors 

was considered by the Rayleigh damping method. Dynamic responses of displacements at the broken 

points and the reaction forces of the insulators were obtained. Dynamic responses for the broken 

conductors with different damping ratios and bundle numbers were compared. 

Introduction 

Conductors rupture is common in transmission lines. Conductors will be broken due to the heavy 

accreted ice, fatigue or intensive galloping. Transient tension of conductors will vary intensively and 

the conductors will jump severely induced by the broken conductors, which can cause severe 

electrical or mechanical accidents of transmission lines. 

  M.B.Thomas et al. [1] developed an effective program for calculating dynamic response of 

ruptured conductors in transmission lines. Peak broken conductor loads on supporting towers can be 

predicted. Alian H.Peyrot et al. [2] studied on the longitudinal loads on a suspension tower and the 

dynamic response of a transmission line following a broken conductor. Predicted values of the peak 

tension force were compared to the recorded test values and published data. Damping properties of 

the conductors were not considered in the above broken analysis. 

In this paper, a three dimensional FEA model of conductor-insulator system in transmission line 

was established by ANSYS. The phase spacer and the damping of the conductors were considered in 

the FEA model. The rupture load case of insulator or conductor can be realized by the birth-death 

element method in ANSYS. Dynamic responses of displacements at the broken points and the 

reaction forces at the end of insulators were obtained. 

FEA Model of the Conductor-Insulator System 

FEA model of a continuous seven-span conductor-insulator system was shown in Fig.1. The 

longitudinal flexibility of the towers is not modeled and assumed to be rigidly fixed at the end of 

insulators. The end points of the model were fixed to simulate the strengthen towers or the dead-end 

towers. 

In the analysis model shown in Fig.1, the first four span conductors (①-④) and the last two span 

conductors (⑥-⑦) have the same span length. Span ④ and span ⑤ has a span length difference. The 

first four span conductors have an elevation difference with the last three span conductors.  

Diameter of the insulator is 30mm and its length is 5.4m, and the final elastic modulus is 51.83GPa. 

The type of the conductors is LGJ400/50，with a total cross-sectional area of 451.55mm
2
 and a 
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self-weight of 1.51kg/m for single bundle conductor. The final elastic modulus of the conductor is 

69.00GPa and its maximum rated tensile strength is 117.23kN. The safety coefficient for the design 

requirement of the conductors is 2.50. The maximum working tension force is 46.89kN. 

X

Y

Z

 
Fig.1. FEA model of conductor-insulator system 

    Conductors Modeling 

The conductors were simulated by element Link10. Link10 is a three dimensional spar element 

with the unique feature of a bilinear stiffness matrix resulting in a uniaxial tension-only (or 

compression-only) element. With the tension-only option, the stiffness is removed if the element goes 

into compression. This feature is useful for static guy-wire applications where the entire guy wire is 

modeled with one element.  

In the conductor-insulator system FEA model, four bundles conductor can be simplified to a single 

bundle with the equivalent area of cross section and stiffness. The element length of the conductor is 

10 meters. The initial tension of the conductor can be realized by applying initial strain or decreasing 

the temperature of the elements, and the latter method was used for the analysis. A very small initial 

tensile strain (such as 10
-8
) was specified for each element of conductors in order to avoid 

singularities in the initial stiffness matrix of the cables.  

Before the broken conductor analysis, the form-finding analysis of conductors under self-weight 

load was carried out. Firstly, the initial tensions of the conductors can be determined according to the 

representative span length [3, 4] of the typical transmission line section. Then the parabolic geometry 

models of the conductors were obtained on the basis of tension-sag formula. The geometry forms of 

the conductors were updated repetitively through nonlinear static analysis, and the form-finding 

process [5-7] will be terminated when the deformations of the conductors were closed to zero. 

 Insulator Modeling 

The insulators were also simulated by element Link10. The insulator is assumed to be made of 

elastic material. Self-weight of the insulator was ignored in the analysis. The loads and displacements 

at the end of the insulator were mainly focused in the rupture analysis, so one single element was 

divided for each insulator. 

Damping 

Determination of the conductor damping is a very complex problem. In the broken analysis, for the 

quick convergence of the transient solution, damping of the conductors was considered by Rayleigh 

damping ratio.  

In reference [8], based on the field measurements, the natural vibration frequencies and damping 

ratios of the first two lateral vibration modes were identified by Hilbert-Huang transform. The first 

order damping ratio of the tower-line system is 9.93%, and the second order damping ratio is 21.92%. 

In this paper, damping ratios of the conductors are set from 5% and 20%. 

Dynamic Responses of the Broken Conductors 

For the broken conductors load case, FEA model of a seven-span conductor-insulator system was 

established. The lengths of different spans are all equal to 500m, except the length of the fifth span is 

575m which has a length difference of 15 percent with other spans. The first four span conductors 

have a 15 percent elevation difference with the last three spans. As presented in Fig.1, The fifth span 

conductor near the fourth insulator will be ruptured in the broken analysis. As the peak dynamic 

responses were focused in this analysis, contact between the broken conductor and the ground was 
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ignored. The detailed solution process is as follows. 

Firstly, modal analysis of the conductor-insulator system was completed by Block Lanczos method. 

The first order and the second order natural frequency were obtained. So the Rayleigh damping ratios 

can be calculated for the broken analysis. Secondly, rupture of the insulator or the conductor can be 

realized by birth-death element method in ANSYS with ekill command. Stiffness of the broken 

insulator or conductor element was changed to be a near zero value in a very short time. Lastly, 

dynamic responses of displacements at the broken points, tension forces of the conductors and the 

reaction forces at the end of the insulators were analyzed. Effect of the bundle numbers of the 

conductors and the broken location were considered in the analysis. 

Effect of Damping Ratios  

Rayleigh damping can be calculated by the following equations. 

βKαMC +=                                                                          (1) 

where  
2

1

2

2

122121
)(2

ωω

ωξωξωω
α

−

−
=  , 

2

1

2

2

1122
)2(

ωω

ωξωξ
β

−

−
= . 

1
ξ and 

2
ξ  are the first order damping ratio and 

the second order damping ratio. M and K are the mass matrix and the stiffness matrix. The symbols 

of α  and β represent the mass damping coefficient and the stiffness damping coefficient, which can 

be applied by Alphad and Betad command in ANSYS. The first mode and the second mode are 

presented in Fig.2. The first natural frequency and the second natural frequency are 0.098Hz and 

0.109Hz.  
1
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DMX =.015775

 

(a) The first order                            (b) The second order 

Fig.2. Vibration modes 

For different values of the first order damping ratio and the second order damping ratio, the values 

of  α  and β were calculated by Eq.1. Then the transient analyses for the broken conductors with 

different damping ratios were carried out. The solving process continues 20 seconds. For the 

geometrical nonlinear transient analysis, the stiffness of the conductor will be strongly varied in the 

broken process. As shown in Table 1, the dynamic responses vary greatly with the variation of the 

stiffness damping ratio. 
d

T∆  and 
d

V  represent the unbalanced tension and the vertical load at the end 

of insulator. Numbers with bracket in Table 1 indicate the location of the maximum loads at the end of 

the insulators. 

Table 1 Dynamic responses from the broken insulator 

1
ξ  

2
ξ  α β Dropping height[m] d

T∆ [kN] 
d

V [kN] 

2% 2% 0.0021 0.194 495.1 135.5(4) -90.1(5) 

5% 5% 0.0051 0.485 495.6 215.7(4) -82.0(5) 

5% 10% -0.040 5.235 467.5 58.8(4) -59.6(5) 

10% 10% 0.0103 0.970 496.0 152.9(4) -75.1(5) 

10% 20% -0.080 10.470 296.0 58.5(4) -53.6(5) 
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Effect of Bundle Numbers  

Dynamic responses from broken conductors by one equivalent model and four bundles conductors 

were compared. FEA model of the four bundles conductors with a partial view was shown in Fig.3. 

The vertical and longitudinal distances of the conductors are 450mm. There are 8, 8, 8, 8, 9, 8, 8 

spacers for the seven conductors in turn. The spacer was simulated by Beam4 element in ANSYS. The 

initial tension force of single bundle conductor is 22.03kN. 

 
Fig.3. FEA model of the four bundle conductors with a partial view 

Firstly, it is assumed that the broken location at the fourth insulator and four bundle conductors 

were broken at the same time. The first order damping ratio and the second damping ratio are valued 

10% and 20% separately. The solve time is 120 seconds. Dynamic responses by three different 

models were shown in Table 2. The dropping height refers to the maximum dropping displacement of 

the broken point. The maximum value of 
d

T∆  and 
d

V occur at the third and the fifth insulator 

respectively. From the results in Table 2, for the rupture of the insulator, dynamic responses by one 

equivalent bundle model are very close to those by four bundles model. Phase spacer has little effect 

on the dynamic response with rupture of the insulator. 

Table 2 Dynamic responses from the broken insulator 

Model type Dropping height[m] d
T∆ [kN] 

d
V [kN] 

One equivalent bundle model 34.1 16.14(5) -57.12(5) 

Four bundles model(with phase spacer) 34.2 15.85(5) -56.48(5) 

Four bundles model(without phase spacer) 21.6 15.28(5) -57.49(5) 

Secondly, it is assumed that the broken location at fifth span conductor near the fourth insulator and 

four bundle conductors were broken at the same time. As shown in Table 3 and Fig.4, for the rupture 

of the conductor, dynamic responses by one equivalent bundle model are very close to those by four 

bundles model. 

Table 3 Dynamic responses from the broken conductor 

Model type Dropping height[m] d
T∆ [kN] 

d
V [kN] 

One equivalent bundle model 495.6 64.8(5) -53.6(5) 

Four bundles model 494.0 63.4(5) -52.6(5) 
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(a) Dropping displacement                        (b) Unbalanced tension force 

Fig.4. Comparison of the dynamic responses 
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Conclusions 

In this paper, a three dimensional finite element model of conductor-insulator system was 

established in ANSYS, and the dynamic responses of from the broken insulator and conductor cases 

were analyzed for a seven continuous conductor-insulator system. For different analysis model, 

effects of the damping, bundles of the conductors as well as the phase spacer on the dynamic 

responses were studied. Some conclusions were drawn from the analysis results. 

  (1) Damping of the conductors has great effect on the dynamic responses from the broken 

conductors. For the geometrical nonlinear transient analysis, the stiffness of the conductor will be 

strongly varied in the broken process. The dynamic responses vary greatly with the variation of the 

stiffness damping ratio. 

(2) For the rupture of the insulator, dynamic responses by one equivalent bundle model are very 

close to those by four bundles model. Phase spacer has little effect on the dynamic response with 

rupture of the insulator. For the rupture of the conductor, dynamic responses by one equivalent bundle 

model are very close to those by four bundles model. 
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Abstract. Electromechanical wave model is a new method in the research of generator-grid 

dynamic response of large scale electric power systems. Based on wave equations of elastic bearing 

transmit mechanical power and transmission line transmit magnetic power respectively, this paper 

built integrate electromechanical wave model of turbine-generator-grid with the example of No. 3 

unit in Yimin Power Plant. With the help of electromechanical wave model, subsynchronous 

oscillation (SSO) example was given which indicated that the higher disturbance voltage, the bigger 

SSO amplitude; the larger damp, the smaller SSO amplitude, which will make the fluctuation 

become stable earlier. This conclusion has significant engineering value on reducing SSO amplitude 

of Yimin power plant. 

Introduction 

With the fast development of electric power system, High Voltage Direct Current(HVDC) 

transmission system, Thyristor Controlled Series Compensation(TCSC) transmission lines and new 

electrical equipment have been widely used. However, it has been tested that the transmission 

systems and the application of the equipment mentioned above would probably cause the problem 

of SSO which lead to serious accidents with dangerous to the safety and stability of electric 

system[1]. In May 2008, several cracks appeared in the coupling between low pressure shaft and 

generator shaft as well as in the generator rotors of No.3 unit in Yimin Power Plant. The electricity 

was transferred by transmission lines with TCSC. The analyzed results showed that the cracks were 

caused by SSO. It is clear that the research of SSO is of great significance. 

The traditional method to analyze the effect of SSO to the stability of power systems was to 

build systematic mathematical models, then gave solutions by numerical method. But it was 

difficult to research on the transmission of electromechanical disturbance in large scale power 

systems through the traditional method[2]. Different to the traditional method, the continuum 

electromechanical wave model described the dynamic responses of electromechanical disturbance 

transmission in a large space system, which included generator, load and transmission line. It has 

become a new idea of generator-grid dynamic response in large scale power systems[3-5].  
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Integrated electromechanical wave model of torsion of multi turbo-generator sets  

Elastic wave model of shafting torsion 

The shafting torsion model of turbo-generator usually used multi-body lumped-mass model. 

Shafting was discretized into many rigid discs that connected through massless spring elements. 

When the number of disk in shafting increased, the interval disk distance approached zero, 

then the discrete parameter would become continuous distribution equation. As for the 

multi-body lumped-mass model, wave equation can be written as[3]   

      
2 2

2

2 2
( ) ( ) ( ) ( )( ) ( )J x d x K x x T x

t t x x

θ θ θ θ
ε

∂ ∂ ∂ ∂
+ = − +

∂ ∂ ∂ ∂
                  (1) 

Where J denoted moment of inertia，d denoted dampling coefficient, K denoted shaft torsional 

stiffness，εdenoted internal dampling coefficient. 

Electromechanical wave model of power systems 

A chain power system composed by N sets of generators in which power was transmitted from the 

left to the right. In the chain power system, wave equation can be written as[3]   

      
2 2

2

2 2
( ) ( ) ( ) ( )( ) ( )mm x d x b x g x P x

t t x x

θ θ θ θ∂ ∂ ∂ ∂
+ = − +

∂ ∂ ∂ ∂
                (2) 

Where m denoted angular momentum，d denoted dampling constant，b denoted adjacency 

busbar susceptance，g denoted conductance. 

Integrated wave model used for torsional vibration analysis 

Eq.(1) was the wave equation of elastic shafting transmission mechanical power, where 

                  
2

2

2
( ) ( )( ) ( )eT x x K x

x x

θ θ
ε

∂ ∂
= −

∂ ∂
                                   (3) 

Both sides of Eq.(3) multiply Ω, Eq.(3) can be re-written as:  

                 
2

2
( ) ( ) ( ) ( )eJ x d x p x p x

t t

θ θ∂ ∂
Ω +Ω = −

∂ ∂
                            (4) 

Where p(x),pe(x) denoted the input and output power respectively in shafting coordinate x. 

Eq.(2)was the wave equation of electromagnetism power in transmission line, where 

                    
2

2

2
( ) ( )( ) ( )eP x g x b x

x x

θ θ∂ ∂
= −

∂ ∂
                                  (5) 

pe(x)denoted the power in the shafting coordinate x, then Eq.(2)can be re-written as: 

                   
2

2
( ) ( ) ( ) ( )m em x d x P x P x

t t

θ θ∂ ∂
+ = −

∂ ∂
                             (6) 

Eqs.(4)and(6) were wave equations of transferring power in shafting and transmission line 

respectively. Both of their mathematical expressions and Physical meanings were the same. 

Therefore, the research of shafting of turbo-generator shafting and the connected transmission lines 

can be treated as a whole, then integrated wave equation of generator-grid can be given as[4]: 
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2

2
( ) ( ) ( ) ( )eJ x d x P x P x

t t

θ θ∂ ∂
Ω +Ω = −

∂ ∂
                           (7) 

Torsion wave propagation in a multi turbo-generator sets with electric disturbance 

N sets parallel operation turbo-generators in a power plant connected with power network through 

busbar. If there was a disturbance source pouring into the incident ray to the system at a point A, 

and the electromechanical wave would reflect and refract at a point B. The total power 

transilluminated from point B to the turbo-generators was : 

                 2 2

1
( ) [ ( ) ( )]

C

P t t t
Z

ω ω
+ −

= −                                     (8) 

Transillumination power on No.i generator could be written as: 

                  
1, 1'

1, 1

( )

( )

n

Ci Cj

i j

i n

Ci Ci Cj

i j

P t Z Z

P i j

Z Z Z

= =

= =

= ≠

∏

∑
                                  (9) 

Swing equation of the No.i generator could be represented in the form 

               '2
2 2

( )
( ) ( ) /i i i Ci

d t
M D t P t Z

dt

ω
ω ω+ = −                          (10) 

Numerical example and discussion 

Example introduction 

There were 4 units in Yimin power plant, including 2×500MW（No.1, No.2 unit）and 2×600MW

（No.3, No.4 unit）. No.1 and No.2 units were the same structure. No.3 and No.4 units were the 

same structure. The power plant was connected with Fengtun transformer substation through double 

circuit 500KV line in which Thyristor Controlled Series Compensation(TCSC) were employed to 

compensate the transmission loss. Obviously, the turbo-generators and transmission system 

composed a typical multi turbo-generator sets power torsional coupling system.  

Main related parameters were shown in Tab.1and Tab.2. 

Tab.1 Parameter nominal value of 500KV line 

line 
Positive sequence 

impedance 

Negative sequence 

impedance 

Positive sequence 

conductance 

Negative sequence 

conductance 

Yi-Feng 1st 0.0044+j0.0444 0.0132+j0.2038 2.1006 0.9233 

Yi-Feng 2nd 0.0036+j0.0446 0.0108+j0.2009 2.3891 0.9233 

Tab.2 natural frequency of No.3 unit torsional vibration 

 The first-order  The second-order The third-order 

Natural frequency [Hz] 14.09 22.46 26.79 

Simulation calculation 

SSO phenomenon occuring in No.3 unit was corresponded the second order torsional vibration of 

shaft, thus the basic conditions of simulation computation were as follows: take No.3 unit as an 

object of study; inject a subsynchronous frequency(27.54Hz) voltage disturbance at series 

compensation point; assume 4% electricity consumption, 100% capacity. 

Example1: distrubance source was 50KV subsynchronous voltage, and damping coefficient 
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was 0.1/S. 

Fig.1 showed the response of relative speed of No.3 unit. Fig.2 showed the response of relative 

speed of No.3 unit after rotative speed difference became steady. The vertical axis in all figures was 

the ratio of differential value with rated speed. The figures showed that the wave amplitude of 

relative speed of No.3 unit kept steady after injecting a distrubance, but the balance position of the 

wave had obviously changed. At the beginning, the balance position of the wave motion was less 

than zero. However, after adding a distrubance for 40s, it was taken rated speed as balance position 

of generator’s ralative speed, and the wave amplitude kept steady. 

Example 2: disturbance source was 40KV subsynchronous voltage, and damping coefficient 

was 0.1/S. 

Fig.3 showed the response of relative speed of No.3 unit. Compared it with Fig.1, it could be 

seen that the wave amplitude of the relative speed of the generator decreased after reducing the 

excitation voltage. When the excitation voltage was reduced by 20%, the wave amplitude decreased 

from  1.65×10-3 to 1.4×10-3, down by 15%. 

Example 3: disturbance source was 40KV subsynchronous voltage, and the damping 

coefficient was increased to 0.2/S. 

Fig.4 showed the response of relative speed of No.3 unit after increasing the 

damping.Compared it with Fig.3, it could be seen that the wave amplitude decreased from 1.4×

10-3 to1.0×10-3, down by 29%. 

From the above examples, it was concluded that the amplitude of SSO would be increased 

when the disturbance voltage increases, and it decreases when the system damping increases, and 

t/s 

Fig.1. the response of relative speed of No.3 unit in 60 

seconds  

 

t/s 

Fig.2. the response of relative speed of No.3 unit after 

rotative speed difference is steady  

t/s 

Fig.3. the response of relative speed of No.3 unit after 

reducing the excitation voltage 

t/s 

Fig.4. the response of relative speed of No.3 unit after 

increasing the damping 
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the wave amplitude becomes steady more quickly. Thus, reducing the excitation voltage (reducing 

the compensation degree of the series capacitors) and increasing the system damping (whether the 

mechanical damping or the electrical damping of the transmission lines) can reduce the amplitude 

of SSO effectively. 

Conclusions 

The continuum electromechanical wave model for power system is a new idea to explore the 

electromechanical dynamic response of large-scale electrical power network. The model also 

described the whole power system including generators, loads and transmission lines. Through 

establishing the wave equations for mechanical transferring power in elastic shaft and transferring 

electromagnetic in transmission line, the electromechanical wave model was developed. Based on 

the model, a numerical example for SSO was presented here, which took the No.3 

turbo-generator unit in Yimin power plant for example. By analyzing the SSO response, it was 

concluded that the amplitude of SSO increases when the disturbance voltage increases; it reduces 

when the system damping increases. At the same time, the wave motion becomes steady. The 

conclusions of the paper have significant engineering value on reducing SSO amplitude of Yimin 

Power Plant. 
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Abstract: Grid is an emerging infrastructure which enables effective coordinate access to various 

distributed computing resources in order to serve the needs of collaborative research and work across 

the world. Grid resource management is always a key subject in the grid computing. We first analyze 

the resource management in the grid computing environment, then according to the load imbalance 

question in the ant colony optimization algorithm, propose an improved algorithm that suits to be 

used in the grid environment. 

Introduction 

The goal of Grid is to realize share of homogeneous resources that locate all over the world. Grid 

resource management is always a key subject in the grid computing. Because the Grid is 

homogeneous, distributed and dynamic, traditional methods of resource management will not 

function well in Grid environment. Service with its original knowledge and how to enhance the 

scalability of grid resource management system. Information technology is changing rapidly, and 

now forms an invisible layer that increasingly touches every aspect of our lives. Power grids, traffic 

control, healthcare, water supplies, food and energy, along with most of the world's financial 

transactions, now depend on information technology. Grid computing is an element 

(Metacomputing), it is the physical distribution system, a variety of heterogeneous computing 

resources connected by high-speed networks together to solve large application problems.  

Grid  refers to the entire Internet into a single, large, integrated supercomputer to achieve 

computing sources, storage resources, data resources, information resources, knowledge resources, 

expert resource sharing, its size can be as large as a state, small to enterprises, local area networks, 

and even families and individuals. Grid areas are mainly distributed supercomputing has distributed 

instrumentation systems, data-intensive computing and remote immersion four class. Grid is 

integrated into the entire network a huge supercomputers, achieving computing resources, storage 

resources, data resources, information resources and knowledge resources, resource sharing, experts. 

In recent years, computing power with the computer the rapid growth of Internet popularity and the 

cost of a significant reduction in high-speed network as well as traditional methods and computer 

calculations of Shi Yong way of change, grid computing a super computing development an 

important trend. Grid computing is a new and important research area, which to a large granularity 

resource sharing, innovative application of high performance computing and the main features of 

the 21st century will become an important driving force of economic development. 

Grid computing at least have the following three kinds of basic functions: Task Manager: the 

user submits the task, specify the resources for the task, delete the task and monitor tasks 

running .Task Scheduling: The user's task presented by the type of the function in accordance with 
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the mandate, the required resources, the resources available to run the program and policy 

arrangements. resource management: Identify and monitor network resources, gather the resources 

of the task run-time occupancy data. To achieve the goal of grid computing, we must address the 

following three key issues, which is now widespread Internet problems: heterogeneity: As the grid 

by the distribution of the same below the WAN management domain composed of a variety of 

computing resources, how to achieve the cooperation between heterogeneous machines and 

conversion is the primary problem. scalable nature: To network resources have been expanding, 

growing application of the situation, the do not degrade performance. dynamic adaptability: When a 

resource failure or the possibility of failure is high, the resource management must be able to 

dynamically monitor and manage network resources, from the available resources, select the best 

resources and services. 

Web Service and Open Grid Services Architecture  

OGSA (Open Grid Services Architecture), including two key techniques, namely the Grid and Web 

Service technology, which is based on the five hourglass structure, combined with Web Service 

technologies put forward to address two important issues - the definition of standard service 

interfaces and protocols recognition. To serve as the center is the basic idea of OGSA, everything is 

in service in OGSA. In the OGSA framework, will be all abstracted as services, including computer 

programs, data, equipment, and which is conducive to a unified standard interface through 

management and use of the grid. Web Service provides a framework based on service structure, but 

the Web Service the face of the generally permanent services, whereas grid environment, a large 

majority are temporary short-term services, such as a computing tasks execution. Taking into 

account the specific characteristics of grid environment, OGSA service concept in the original Web 

Service based on the proposed "Grid Service” concept, used to address service discovery, dynamic 

service creation, service management and life cycle temporary service related issues. Based on the 

concept of grid services, OGSA grid as a whole "Grid service" collection, but this collection is not 

static; it is extended, reflecting the dynamic nature of the grid. Grid service completed by defining 

interfaces to different functions, service data is the information on the Grid service instance, the 

grid services can be simply expressed as a "grid service = interface / behavior + service data." In the 

definition of OGSA, only Grid Service interface is required. Fig.1. is the Web service. 

 

Fig.1. The Web service 

OGSA basic idea is to "services" as the center. In the OGSA framework, will all be abstracted 

as services, including computing resources, storage resources, networks, procedures, databases, etc., 

in short, all services. This concept is conducive to adoption of a unified standard interface to 
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manage and use grid. OGSA defines a Grid Service concept of grid service is a Web Service, the 

service provides a set of interfaces to comply with the definition of clear and specific management 

to address service discovery, dynamic service creation, life cycle management, notification and 

other issues. In OGSA, the Grid services will all have seen, so the grid is scalable set of grid 

services. Grid services can be gathered in different ways to meet the needs of virtual organizations, 

virtual organization itself can be partially based on their shared services operations and defined. In 

short, the grid service = interface / behavior + service data. Figure 4 is a brief description of grid 

services. 

Grid technology (such as the Globus package) and Web Service is OGSA two supporting 

technologies. Globus is the science and engineering has been widely accepted in the field of grid 

computing solutions. It is a community-based, open structure, open source set of services also 

support the grid and grid software library. The toolkit addresses security, information discovery, 

resource management, data management, communications, and error monitoring and portable and 

so on. Closely with the OGSA Globus components GRAM Grid Resource Allocation and 

Management Agreement and the guard (Gate Keeper) services, which provide a safe and reliable 

service creation and management capabilities, meta directory services through soft state registration, 

data model and the local registration to provide information discovery, GSI (Grid Security 

Infrastructure Grid Security Architecture) support a single login point in the map and trust. These 

features provide the structure necessary for the service element, but the versatility than OGSA 

smaller. 

Web Service is a standard application of the framework of the access network. XML protocol 

related work is the basis of Web Service. Web Service in a few of the more important the protocol 

standard is SOAP (Simple Object Access Protocol, Simple Object Access Protocol), WSDL (Web 

Service Description Language, Web Services Description Language), and WS-Inspection, UDDI 

(Universal Description, Discovery & Integration, unified Description, Discovery and Integration). 

SOAP is XML-based RPC (Remote Process Call, remote process call) protocol, used to describe the 

common WSDL target. Support will be extended through the SOAP Web Service Framework for 

security. WSDL for describing services, including interfaces and access methods, complex services 

can be composed of several services; it is the Web Service interface definition language. 

WS-Inspection service description is given a definition of the practice, including a simple of the 

XML language and related management, used to locate the service provider's published. 

Resource management 

To better manage the grid resources, VO resource organization and management structure must be 

able to effectively reflect the grid computing environment, resources, organic makeup, so should 

generally reflect the structure of VO wide distribution, local concentration and local application 

management control features. In order to reflect the grid computing "service-oriented" design 

concept, VO forms of organization of resources and resource stimulate the process of treatment 

must be followed "for the job processing, task-oriented requests," the principle of instant excitation, 

and can work with treatment scale fluctuation and change their share of resources to adjust their 

own information processing methods to achieve the best possible methods to deal with consumption 

optimization. Since VO resources in the matching process, there is always such a situation exists: 

the existing grid computing environments in a region already have considerable scale segment 

operating group responsible for the operation scheduling and resource matching group VO groups 

have occupied a large section of the area of computing resources. If at this time by the regional 

section of an entity to submit a sizable operations to process the request T1, is produced by the prior 
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possession of the virtual organization VO1 appropriate computing resources to match the T1 

treatment, however, paragraph in the region can offer idle resources, resource demand is only a 

small part, other 80% of the resources must be to obtain wide-area grid environment. If on the wide 

area under the jurisdiction of the management of resources is still limited to VO1, then not only will 

cause a lot of time delays and network load.  

Globus is a global resource management structure, the local two-resource model. Globus 

resource model is mainly composed of 4 parts: resource broker Broker, cooperative distributor 

DUROC, Resource Information Service Component Information Service and Resource Allocation 

Manager GRAM. In addition, Globus also provides a resource description language RSL, is used to 

transfer resources between the various components of the request. Resource broker role is analysis 

application program resource requests submitted by the senior RSL description and converts it into 

more specific needs described to distributor on, collaborative task is divided into sections, GRAM 

resource processing. Information services function is to provide global broker and co-distributor of 

information resources. MDS is the grid computing environment information service center, using 

LDAP protocol to form a centralized directory tree hierarchy based on the information server. 

DUROC processing applications can be made on a number of resources requested for the 

application of co-allocation of different resources. GRAM is the Globus in shielding the 

heterogeneity of the various components of local resources. Functions including the provision of 

access to local resource management tool API interface; analysis and processing of RSL description; 

resources for remote application request processing, remote task scheduling processing, remote task 

management. 

Application of ACO   

 Grid resources include computing resources, storage resources and communication resources. How 

to use these resources efficiently complete the task of grid computing research priorities. For grid 

users, submit it to the grid task, the grid scheduler according to some scheduling policy to the user 

submits the task assigned to the grid system resources available. Evolutionary Algorithms (EA), as 

a family of computational models inspired by the natural process of evolution, have been applied 

with a great degree of success to complex design optimization problems. In Genetic Algorithms 

(GA), Ant colony (ant colony optimization, ACO), also known as ant algorithms is used to find the 

optimal path in the graph the probability of technologies. It consists of Marco Dorigo in 1992 in his 

doctoral thesis in the introduction, its inspiration from the ants found in the course of the path in 

search of food behavior. Its main idea is: Each ant in the path traversed left pheromone, ant based 

on the current path of the pheromone according to the probability of a certain selection path. The 

shortest path is taking more than ants, and thus obtains the optimal solution. Figs.2-3. are the 

experimental result. 
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Fig.2. Average fitness values comparison of ACO with other two algorithms 

Fig.3. Completion time comparison of ACO with other two algorithms 

Conclusions 

The technology of grid computing has been a new research area, which appeared in the 1990s. Grid 

system is composed of heterogeneous resources. In grid computing, a good algorithm for tasks 

scheduling should not only decrease the makespan of all tasks but also balance the load among the 

resources in the grid system. The framework offers a comprehensive solution for the efficient 

parallel evolutionary design of problems with computationally expensive fitness functions, by 

providing novel features that conceal the complexity of a Grid environment through an extended 

API and a meta scheduler for automatic resource discovery. An intelligent Grid environment will 

contain more intelligent functions for resource management, security, Grid service marketing, 

collaboration and so on . These functions will make the Grid environment more efficient, secure, 

economic in using resources, intelligent and easy to use. Intelligent resource management is a core 

component in the intelligent Grid environment. 
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Abstract: From the perspective of resource sharing, grid computing is a system ranging from small 

kind of network system for home using to large-scale network computing systems even to the 

Internet. The management of resources in the grid environment becomes very complex as these 

resources are distributed geographically, heterogeneous in nature, and each having their own resource 

management policies and different access as well as cost models. In this paper, we bring forward an 

efficient resources management model and task scheduling algorithm in grid computing. The 

simulation results show that the proposed algorithm achieves resource load balancing, and can be 

applied to the optimization of task scheduling successfully. 

Introduction 

Grid technology emerged in the 1990s of an information technology, which represents Internet 

technology and Web technology, following after the third technology wave [1]. Widely used in IT 

industry, "Grid" and "grid computing" combines two terms and the related areas of information in 

the field of modern advanced technology. Grid is based on Internet-based new technology, to the 

Internet, online computers, large databases, remote devices that integrate the virtual "super 

computing system". To realize computing resources, storage resources, communication resources, 

software resources, knowledge resources sharing. According to the functionality provided by the 

grid, grid computing can be divided into two major categories of grid and storage grid, according to 

the different grid applications; grid computing can be divided into grids, data grids and grid services 

to three categories. Grid's goal is to share resources and work together to solve the multiple levels 

of resource sharing and collaboration of new technology, new standards, will interact with Internet 

information from the communications platform to a resource sharing platform for grid will become 

the essential IT infrastructure. 

The key technology is the grid system, grid system software and operating systems, the core 

including resource management, information optimization, and job scheduling and grid safety 

technologies. Specifically showed: grid node, that is the provider of grid computing resources, 

which includes high-end server, cluster systems, MPP systems, and databases, large storage devices; 

broad band network system is to provide high performance grid computing environment in 

communication of necessary means to significantly affect the properties of the grid; resource 

management and task scheduling, resource management tool which is responsible for calculating 

the description of resources, organization and management, task scheduling system is currently 

under the load on the system within dynamic scheduling tasks; monitoring tool, its role is to 

monitor through performance analysis and monitoring system resources and operation; visualization 
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tools, the calculation results into intuitive graphical information, and provides a friendly user 

interface; grid security, safety issues related to confidentiality of authentication and authorization 

issues shared problem that requires human intervention, or to strengthen safety measures must be 

orderly grid control and management[2]. 

Grid computing is rapidly along with the Internet developed, specifically for the new scientific 

computing complex calculation mode. This calculation model is the use of the Internet to 

geographically dispersed computers organized into a "virtual supercomputer", each of which 

involved a computer calculation is a "node", but the calculation is made of thousands “node 

"consisting of" a grid ", so this calculation is called grid computing [3]. It organized a "virtual 

supercomputer" has two advantages, one is powerful data processing capabilities; the other is to 

make full use of the Internet's idle processing power. First, the grid computing model to calculate 

the data is divided into a number of “small pieces”, and calculates the "small piece" of software is 

usually a pre-programmed screen saver, and then the computer can be different nodes according to 

their capacity to download one or multiple data segments, and this screen saver. So "show began," 

As long as the node of the computer users do not use the computer, the screen saver will work, so 

this computer was idle computing power fully mobilized. 

The rest of this paper is organized as follows: grid architecture is discussed in Section 2.Section 

3 describes the resource management .Section 4 describes the task scheduling. Finally, we conclude 

this paper and show future work direction in section 5. 

Grid Architecture  

 Grid architecture is the structure of the overall framework of the infrastructure. It is about how 

to build grid technology, which gives the grid basic components and functions, describing the grid 

part of relation and the method them or manner, depicts the support effective the mechanism of the 

grid [4]. The more important current grid architecture has two, one is proposed by Foster and other 

five in the earlier hourglass structure (Five-Level Sandglass Architecture), which is based on "TCP / 

IP protocol" as the central emphasis on the service and API ( Application Programming Interface) 

and SDK (Software Development Kits) importance. Five components of the hourglass structure 

according to the distance and sharing of resources will be functions scattered in five different levels, 

from bottom to top are: structural layer, link layer, resource layer, collective layer and application 

layer, the more the lower The more close to the physical shared resources; and the number of 

different parts of the agreement is different, for the most part of the core, upper layer protocol to be 

able to achieve the mapping to the core protocol, while achieving other key agreement protocol to 

lower the mapping, so the formation of the core protocol of the agreement hierarchy bottlenecks in 

five-story structure, the resource layer and link layer together constitute the core. The other is 

represented in the IBM under the influence of the industrial sector, taking into account the 

development of Web technology and the implications, Foster and other Web Service proposed 

combining OGSA (Open Grid Service Architecture, OGSA). Open Grid Services Architecture 

OGSA is the second most important after five hourglass structure is the latest of a grid architecture. 

Fig .1.  is grid computing model. 
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Fig 1 .Grid computing model 

OGSA framework is four main layers. From bottom to top were: 1. Resource layer: The concept 

of resource level and in the normal sense OGSA center of grid computing, including physical and 

logical resources. Physical resources including servers, storage and networks. Logical resource 

management through the polymer layer of virtualization and resources to provide additional 

functionality; 2.Web services and the definition of grid services, OGSI (Open Grid Services 

Infrastructure, OGSI) expansion: OGSA all grid resources (logical and physical) are understood as 

services. OGSI specification defines grid services and the establishment of a standard Web service 

technology. OGSI use such as XML and Web Services Description Language (Web Services 

Description Language, WSDL) Web service mechanisms such as, for all grid resources to develop 

the standard interfaces, behaviors and interactions. OGSI extends the definition of Web services 

provides a dynamic, stateful, and manageable Web services capabilities, which is modeled on the 

grid resources are necessary; 3. OGSA architecture based services: Web services OGSI extension 

for the next layer and the layer provides the infrastructure: the Grid service-based architecture. GGF 

is currently working in areas such as program execution, data services and the definition of core 

services in areas such as service-based grid architecture. With these services, the new structure 

began to appear, OGSA will become a more useful service-oriented architecture (Service Oriented 

Architecture, SOA); 4. Grid procedure: With the passage of time, a rich web-based lattice structure 

of the services to be developed, using one or more service-based grid architecture will be also a new 

grid procedure. These applications constitute the fourth major OGSA architecture layer. 

Construction of two support technology OGSA Globus and Web Service. Globus is the science and 

engineering has been widely accepted in the field of grid computing to solve the program. Web 

Service is a standard framework for accessing network applications. At present, the grid services 

interface is still relatively limited, the next major consideration OGSA expansion management, 

security and other aspects. 

Resource Management  

In grid computing, resource and resource management are two very broad concepts, resources 

include hardware resources (computers, storage, network infrastructure, etc.), software resources 

(virtual services) and data. Resource management is a resource that consumers use the resources 

available throughout the life cycle of resources to identify needs, match resources, allocating 
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resources, scheduling and monitoring of resources a process. Grid resource management involves 

four roles: resource consumers, resource scheduler, and grid middleware and grid resource 

providers. Grid ultimate aim is to focus on the development of resources from the simple to the data 

sharing, and finally to collaborate and quality of service (Quality of Service). Resources so 

companies can focus on the company's entire IT infrastructure as a computer, according to their 

needs can not be used to find the resources. Data sharing to enable companies to access remote data 

[5]. This is particularly useful for certain life science projects because these projects, companies and 

other companies need to share human genetic data. Grid computing to enable collaboration through 

broad dispersed organizations can collaborate on some projects, integrate business processes, and 

share from engineering blueprints to the software application and all other information, 

co-processing project in question. QoS refers to different users or different data streams adopt 

correspondingly differentiated the priority, or is application requirements. The same network node 

to provide the guaranteed quality of service.  

Grid scheduler is resource management to implement the module, grid middleware is similar 

Globus, Condor, Legion and other grid software infrastructure, and some grid middleware itself 

contains the scheduler, so figure shows the grid scheduler and grid middleware surrounded with a 

dotted line. Grid scheduler implementation of resource management process is called "scheduling." 

Resource scheduling in three phases: resource discovery, system selection, operation execution. 

Currently in the field of grid computing, there are three stages for this made a lot of research. 

4 Task scheduling  

If you stand on the user's point of view, grid scheduling, also known as "application schedule" 

or task scheduling. Task scheduling is to allocate parallel program interdependent tasks to resources 

Ikegami, to achieve the minimum overall execution time of the target. This view that scheduling is a 

more specific level that is fine-grained scheduling. In a traditional parallel distributed environment, 

task scheduling management system has been studied very good. But the grid compared to 

traditional networks, with higher heterogeneity, instability and the need for scheduling tasks across 

administrative domains, so the fact that task scheduling which is facing new challenges.  
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Fig.2. Task executing time comparison of GA with scheduling based on OGSA 

When a user submits a job to job control agent, the agent will permit control agent scheduling, 

admission control agents and grid information system communication, checks whether the resource 

requirements are met, whether submitted to the scheduler, the scheduler uses the network Grid 
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service discovery resources and information, and domain control agent negotiation to determine the 

current status and availability of resources, and then make a decision and transmission to 

implementation of the mapping agent, agents and resources to implement the domain where the 

domain control agent negotiation using the resources, and sometimes may need to pre- resources. 

Monitor the process of surveillance, if the performance is lower than expected, then decide whether 

to re-schedule.Fig.2. is the experimental result. 

Conclusions  

Modern science, life becoming more and more urgent need for more computing power the earth, 

many computational problems can no longer use a conventional supercomputer to complete. 

Meanwhile, as the computer enhancements, the emergence of high-speed Internet, allows us to be a 

large class of geographically far apart the various resources such as supercomputers, storage 

systems, databases, and some special equipment together as a unified resource to use, we call grid. 

However, the use of multiple geographically distributed organization-wide resources, grid 

computing environment network computing environment in general has a more complex features, 

such as the existence of multiple administrative domains, site autonomy, the system of dynamic, 

heterogeneous, mission uncertainty and higher communication delays and other uncertainties. The 

existence of these features makes the grid environment, resource allocation, task scheduling more 

difficult. The traditional round robin scheduling method can not effectively adapt to grid 

environment, there must be a reasonable management and scheduling algorithms to fully play to the 

characteristics of the grid. 
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Abstract: In the old days of the mainframe, information was centralized so security was not as big an 

issue. Nowadays, with the advent of information being distributed across many servers located in 

different areas, security is a major concern. Protecting the information is a high priority. A network 

with a good accounting and auditing system will ensure that all activities are logged, thereby enabling 

malicious activity to be detected. 

Introduction 

21 computers around the world together through the Internet together, the information content 

of security also has fundamentally changed. It not only from the general's defense become very 

common precautions, but also from specialized fields becomes ubiquitous. When the man entered 

the 21st century information society, network society of the time, China will establish a complete 

network security system [1]. Network security is that the network hardware, software and system 

data is protected, not because of accidental, or malicious reasons suffered, disclosure, system 

normal running of the network service was not interrupted. Network security from its essence, is the 

network information security. Broadly speaking, all information relating to the network the 

confidentiality, integrity, availability, authenticity and control technologies and theories are related 

to network security research. Network security is one related to computer science, network 

technology, communication technology, cryptography, information security technology, applied 

mathematics, number theory, information theory and other disciplines in the comprehensive 

discipline. With the rapid development of computer technology, information networks have become 

an important guarantee for social development. Many of them are sensitive information, or even a 

state secret. So inevitably attract all kinds of people from around the world attacking (such as 

information leakage, information theft, data tampering, data deletion Tim, computer viruses, etc.). 

Meanwhile, the network entity also suffering from such as flood, fire, earthquake, electromagnetic 

radiation and other aspects of the test. 

Information security is the country's development an important issue facing. For this problem, 

we do not go from the planning system to consider it, from the technical, industry, policy 

development it came. Government should not only see the development of information security is 

high in China part of the technology industry, and should see the development of the security 

industry, information security policy is an important component of the system, and even the future 

of our country should see its electronic, information technology development will play a very 

important role. 
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Network Security Type 

Operating system security is information processing and transmission systems to ensure safety. It 

focuses on ensuring normal operation of the system, because the crisis and expected messy to avoid 

damage to the system storage, processing and transmission unfavorably with the devastation and 

loss to avoid the electromagnetic leakage, generate information, interference of others. The security 

of the network system information [2]. Including user password authentication, user access control, 

and data access, methods of control, security audit, security tracking, computer virus prevention, 

and data encryption.  

Information dissemination network security, that is, the safety consequences of information 

dissemination. Including information filtering. It focuses on prevention and control of illegal and 

harmful information to spread the consequences. To avoid a large number of free public network 

transmission of information out of control. Web content security. It focuses on protecting the 

confidentiality of information, authenticity and integrity. To avoid the attacker using the tapping 

system security vulnerabilities, impersonating, fraud, and undermine the legitimate user behavior. 

Essentially to protect the interests of users and privacy. 

Network security features 

Network security should have the following four characteristics: Confidentiality: information is not 

disclosed to unauthorized users, entities or processes, or for their use features. Integrity: data can 

not be changed without the authorization features [3]. That information stored or transmitted in the 

process of being amended to maintain, not to be damaged and missing features. Availability: 

authorized entities can access press needs to use. That is, when necessary, can access the 

information needed. For example, denial of service under the network environment of network and 

the normal operation of the  

system belong to the availability of the attacks; controllable: the dissemination of information 

and content with the control.。 

From the network operation and management perspective, they want access to information on 

the local network, reading and writing operations are protected and controlled, to avoid a  "trap 

door", viruses, unauthorized access, denial of service and network resources and illegal control of 

the illegal occupation and other threats, to stop and defense network hackers. They want to illegal, 

harmful or confidential information involving state filtering and the prevention of and avoid 

disclosure of confidential information to prevent harm to society, causing huge losses to the state. 

Education and ideology from the social point of view, unhealthy content on the network, will social 

stability and obstruct human development and must be controlled. With the rapid development of 

computer technology, computer processing business also by mathematical calculations based on 

single, document processing, simple to connect the internal network based on internal business 

processing, office automation, development of complex internal network-based (Intranet), Extranet 

(Extranet), the global Internet (Internet) of enterprise-class computer processing system and the 

worldwide information sharing and business processes. Increase in system capacity, the system's 

connectivity also constantly improved. However, connectivity information, ability to increase 

circulation, while the connection-based network security issues become increasingly prominent, the 

overall network security mainly in the following areas: network, physical security, network 

topology, security, network security, application system security and network management security. 

Network Security System, on the one hand due to authentication, encryption, monitoring, 

analysis, recording, etc., thus affecting the efficiency of the network, and reduce customer 
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application flexibility; on the other hand also increased administrative costs. However, from 

network security threats are real, particularly in the run key business networks; network security is 

the first problem to be solved. Select appropriate technologies and products for flexible network 

security policy, in case of network security, providing flexible access network services. 

Security techniques 

Physical measures: for example, protection of key network equipment (such as switches, mainframe 

computers, etc.), strict network security regulations, to radiation protection, fire protection and 

installation of uninterruptible power supply (UPS) and other measures. Access control: user access 

to network resources on a rigorous certification authority and control. For example, for user 

authentication, encryption of the password, updates, and identify, set user access to directories and 

file permissions, the permissions control network device configuration, and so on. 

Data Encryption: Data encryption is also an important part of the network policy. Encrypting 

information being sent across the network can reduce the probability of that information being 

intercepted. Encryption is an important means to protect data security. The role of encryption is to 

protect the information being intercepted can not read its meaning. Computer network to prevent 

viruses, install anti-virus system network. Other measures include information filtering, fault 

tolerance, data mirroring, backup, and auditing. In recent years, network security issues surrounding 

a number of solutions, such as data encryption and firewall technology. Data encryption is a 

network of data transmission is encrypted, and then decrypt the destination to restore the original 

data, to prevent unauthorized users intercepted theft information. Through the network firewall 

technology is the isolation and restricted access to other methods to control network access. 

Firewall Technologies 

Network firewall technology is a used to enhance network access control between, to prevent the 

external network users to illegally enter the internal network through an external network, access to 

internal network resources, protect the internal network operating environment of the particular 

networking device. It two or number of data packets between networks such as the connection mode 

according to some security policy to implement checks to networks of communication is to be 

permitted, and to monitor network running. Firewall products bastion, and circuit level gateway, 

shielding the host firewall, dual-host and other types. Internet firewall is such a system (or set of 

systems), it can enhance the in-house network security. The Firewalls defines a firewall as "a 

system or group of systems that enforces an access control policy between two networks." In the 

context of home networks, a firewall typically takes one of two forms: Software firewall - 

specialized software running on an individual computer, or Network firewall - a dedicated device 

designed to protect one or more computers. 

Firewall system determines which access internal services can be outside; the outside world 

who can access what services internal and external service which can be visited inside. To make an 

effective firewall, all the information from the Internet and to go through the firewall, the firewall 

checks accepted. The firewall allows only authorized data through, and from the firewall it must be 

able to penetrate. Not just the router firewall, bastion host, or any equipment to provide network 

security portfolio of firewall security policy is a part. The establishment of comprehensive security 

strategy defense system, even: tell the user should have the responsibility, the company provides 

network access, service access, local and remote user authentication, inbound and outbound, disk 

and data encryption, virus protection measures and employee training. All the possible places of 
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attack must be protected at the same level of security. 

Intrusion detection is a measure of an effective defense system is an important factor in a 

complete, powerful integrated firewall, intrusion detection system can make up a relatively static 

defensive deficiencies. From external networks and campus networks of the various acts of 

real-time detection, to detect all possible attack attempts, and take corresponding measures. 

Specifically, intrusion detection is to switch on the engine access center. Set of intrusion detection 

intrusion detection systems, network management and network monitoring functions in one, 

capturing and transferred between internet and  

intranet all the data in the built database of signatures, using  matching and intelligent analysis, 

testing happening on the network intrusion and anomaly, and the incidents recorded in the database 

as a network administrator based on a post hoc analysis; If the situation is serious, the system can 

send real-time alarm, a school administrator to take timely response. 

Use of firewall technology, careful configuration, usually between the internal and external 

networks to provide secure network protection and reduce network security risks. However, only 

the use of firewalls, network security is far follows: (1) might be behind a firewall an intruder may 

find the back door open. (2) The intruder may be inside the firewall. (3) The performance of the 

restrictions, anti-flame usually can not provide real-time intrusion detection capability. Intrusion 

detection systems in recent years, the new network security technology is designed to provide 

real-time intrusion detection and take necessary protective measures, such as recording evidence for 

tracking and recovery, broken network connections. Real-time intrusion detection capability is 

important first of all it can  

to deal with the internal network from attacks, followed by the invasion it can shorten the time 

hacker. Intrusion Detection System can be classified into two categories: host-based and 

network-based. Host-based intrusion detection system for the protection of critical application 

server, real-time monitoring of suspicious connections, system log inspection, intrusion and other 

unauthorized access and to provide surveillance of the typical applications such as Web server 

applications. Network-based intrusion detection system for real-time monitoring information on the 

critical path network. 

Network equipment and network applications in the market booming, driven by the network 

security market in recent years, ushered in rapid development period, on the one hand as an 

extension of the network, the network has expanded rapidly and become increasingly complex 

security issues, construction can control, can be control, reliable network is to further promote the 

development of the premise network applications; the other hand, the network carrying business 

with the increasing complexity of application-layer security to ensure the development of network 

security in a new direction.  

Encryption technology is a basic safety measures to take e-commerce, transactions both sides 

can exchange information as needed in phase. Encryption technology is divided into two categories, 

namely symmetric encryption and asymmetric encryption:(1) Symmetric encryption. Symmetric 

encryption is also called private key encryption, the message sender and receiver use the same key 

to encrypt and decrypt data. Its biggest advantage is the encryption / decryption speed, suitable for 

large data is encrypted, but the key management problems. If the two sides can communicate to 

ensure the private key in the key exchange stage has not been compromised, then the confidentiality 

and integrity of messages can be encrypted by this encryption of confidential information, along 

with the message send the message digest or hash message value to achieve.(2) non-symmetric 

encryption. Asymmetric encryption, also known as public key encryption, using a pair of keys for 

encryption and decryption operations are completed, including a public release (ie public key), 
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another secret kept by the users themselves. Information exchange process is: Party A will generate 

a pair of keys which a public key to the other parties to the transaction as an open, get the public 

key of B using the key information is encrypted and then sent to the Party, Party then their 

information stored private key to decrypt encrypted.  

Conclusions 

With the rapid development of network technology, the original single stack type network threat 

protection measures have been difficult to effectively resist the growing hybrid security threats. 

Construction of a local security, global security, intelligence security, overall security system to 

provide users with multi-level, comprehensive protection system for three-dimensional construction 

of a new concept of information security. In this concept, the network security products will 

undergo a series of changes. 

Authentication technology is to use electronic means prove identity of the sender and recipient 

and file integrity techniques, namely the confirmation of both identity information in the course of 

transmission or storage is not tampered with :(1) digital signature. Digital signature, also known as 

electronic signature, handwritten signature as to produce the same electronic documents can play a 

certification, approval and effective role. This is done through the hash function and public key 

algorithm combines the sender from the message text to generate a hash value, and with their own 

private key to encrypt this hash value to form the sender's digital signature; then , this digital 

signature as the message with the attachment and the message sent to the message recipient; 

message from the first recipient receives the original packet to calculate the hash value, then using 

the sender's public key to attach to the message to decrypt the digital signature; If the two hash 

values are the same, then the receiver can verify that the digital signature is the sender. Digital 

signatures provide a mechanism to identify ways to address the forgery, denial, pretending, 

tampering and other issues. (2) Digital certificates. Digital certificate is an authorized center by the 

digital signature certificate containing the public key owner of the file information, and public key 

digital certificate constitutes the most important include a user public key, together with the key 

owner's user identifier, and trusted third-party signature trusted third party is usually the user 

certification authority (CA), such as government departments and financial institutions. Users in a 

secure manner to the public key certificate authority and get his public key certificate, and then user 

can open the certificate. Any person who requires the user public key can get this certificate, signed 

by the related trust to verify the effectiveness of the public key. Parties to the transaction sign the 

digital certificate status information through a series of data, provides a way to verify their identity, 

the user can use it to identify each other's identity.  
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Abstract: Based on the movement characteristics of the supercavitating underwater vehicle, the tail 

impact force has been defined by summarizing related papers, then the dynamic responses of structure 

has been simulated by using Finite Element Method. The displacement and acceleration responses 

and corresponding spectrums have been gotten. The calculation results show that: the displacement 

response along impact force's direction oscillates periodically; the displacement response along body 

axis lengthens and shortens periodically; the displacement response along the 3rd axis increases over 

time. The acceleration response along impact force's direction and body axis oscillates periodically. 

The corresponding spectrums show that: accessories of the underwater vehicle should avoid some 

scaled frequencies in order to let them run reliably. 

Introduction 

When the underwater vehicle moves at sufficient speed through water, a low-density gaseous 'cavity' 

can form. When the underwater vehicle is entirely enveloped by cavities, the flows are called 

'supercavitating'. Since the moving body through most of its length does not contact with the fluid, 

skin drag is almost negligible. Therefore, the underwater vehicle can achieve extremely high 

submerged speeds[1]. 

The hydrodynamic forces and cavity shape and the trajectory control for supercavitating 

underwater vehicles have been modeled by many researchers since many years ago[2-3], and the 

vehicle is always simplified as rigid body. However, the research of supercavitating underwater 

vehicle's dynamic characters, where the vehicle is considered as elastic body, is not too many[4-5]. 

However, any tiny disturbance will make a interaction between the vehicle and the water/cavity 

interface, and the interaction will make a violent high-frequency vibration of the supercavitating 

underwater vehicle[6], and this vibration can't be neglected. 

The paper has first has summarized the related references and defined the tail impact force. 

Then, using the tail impact force, the underwater vehicle's dynamic responses and deformation has 

been solved by Finite Element Method. 

1 Analysis Model 

Referenced by a projectile's shape, the model of underwater vehicle is established The geometry 

parameters are defined as follows: underwater vehicle's length 0.18mL = , underwater vehicle's 

diameter 10mmd = , cavitator's radius 2mmnR = . And, the material propertys are defined as: 

underwater vehicle's density
37800kg/msρ = , elastic modulus 210GPaE = , Poisson's ratio 0.3ν = , 

fluid's density 31000kg/mρ = . 

 
Fig.1 Finite element model of underwater vehicle 

Structure dynamic equation is defined as: 
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Mx Cx Kx f+ + =�� �                                                                                                                           (1) 

Hence, the dynamic responses of underwater vehicle can be solved, if the structure's geometry 

parameters and the load f  is known. 

2 Interactions with the Water and the Cavity: Tip Forces and Tail Impact Loads 

Any tiny disturbance will make a interaction between the vehicle and the water/cavity interface, and 

the interaction will produce a huge impact force acting on the underwater vehicle enveloped by a 

supercavitation. The forces on the underwater vehile enveloped by supercavitation is assumed to be 

the force by water at the cavitator and the force by water/cavitation interface at the vehile's tail.  

To begin with, any applied moment at the nose has been neglected here. Thus, the tip forces of 

the cavitator are the drag force DF  and the lift force LF . So, the forces acting on the underwater 

vehicle(Fig.3) can be summarized as follows: drag force DF  and lift force LF  on cavitator, propulsion 

forceF , LR  and DR are components of the tail impact force. 

The drag and lift force is defined as 

2 21 1
 , 

2 2
D D L LF AC V F AC Vρ ρ= =                                                                                                   (2) 

where, ρ is the fluid density; A is the cross-sectional area of cavitator;V is the moving velocity of 

underwater vehicle; DC and LC is the drag coefficient and lift coefficient. The drag coefficient and lift 

coefficient for a disk with angle of attack angel is given by Wu's theory [7]. 

The tail impact force LR and DR can be defined as:  
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where,θ is the angel between cavitation axis and vehicle axis; 1A dλδ= is the cross-sectional area of 

fluid layer,λ is a coefficient;δ is the penetration distance of the tail into the surrounding fluid[8]: 

sin ( 2) cos ( )L d h yδ θ θ= + −                                                                                                        (4) 

( )h y is the diameter of cavitation that corresponds to y coordinate, which can be defined as[6]: 
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where, maxD and cL are the maximum radius and the length of the cavitation. They are defined as: 
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= =                                                                           (6) 

where, nD is the radius of cavitator. In Eq. 6, the influence of gravity and lift force to the shape 

deformation of cavitation is ignored. Hence, DR , LR can be written by the function of the attack 

angelθ of the vehicle. 

Fig.2 Geometry of impact: underwater vehicle 

enters the surrounding fluid 

Fig.3 Fluid forces on the underwater vehicle 

During the period of motion between successive impacts, the only force on the body is the tip 

force which is directed along the body axis. The propulsion force, also considered as applied along the 
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body axis, is assumed to be equaled to the tip force[9], while the supercavitating underwater vehicle is 

moving stably. By the equilibrium of moments M Iθ∑ = ��, we obtain: 

sin cosD LI R a R aθ θ θ= − −��                                                                                                             (7) 

where, I is the transverse moment of inertia of the vehicle about its center of mass( 2 / 12I mL=  for 

cylinder),a is the distance between the tail and mass center of the vehicle. Simplification results by 

replacingθ byφ , defined as [(2 ) 2 ]h d lφ θ= − − (φ is little). Ignoring high-level minim variable 2φ , 

the Eq. 7 can be defined as 
2 0φ ω φ+ =��                                                                                                                                      (8) 

where, 
2( )( 2)da I h d Vω ρλ= − is the angular frequency. Thus, the duration of the impact is half the 

period of the simple harmonic oscillator 0T π ω= (from the tail entering the cavity wall the cavity 

wall to the tail exiting cavity wall)[8].  

When the tail have completed impact, it will rebounds to the cavity. Based on the conservation of 

angular momentum, 
0

0

2

2
M

T

t
T

I dtθ
−

= ∫�                                                                                                                                (9) 

where, sin cosD LM R a R aθ θ= − − , tθ� is the angular velocity of vehicle after impact. In the absence 

of impacts, the duration is 

1 02 tT θ θ= �                                                                                                                                    (10) 

where, 0 arcsin[ ( ) ]h y Lθ = . If the initial impact depth is supposed to be 0δ , the periodic force can be 

gotten. 

3 Analysis of Simulation Result 

Assuming the underwater vehicle is moving stably with the velocity 200m/sV = and the initial 

maximum impact depth is 0 / 4dδ = , thus, the load f can be defined as Fig.4. 
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Fig.4 Tail impact load 

Using the tail impact load of Fig.4, the finit element model has been simulated with the finit 

element method, and the structure responses have been gotten.  

The displacement responses of tail are shown in Fig.5A-5C. It reveals that: displacement along 
x  axis oscillates periodically, along y  axis lengthens and shortens periodically and along z  axis 

increases periodically. Hence, the tail-slap, simplified to move in xoy plan, is valid in earlier stage of 

vibration. Fig.6A-6C have shown the spectrum of displacement along x  and y  axises. It reveals that: 

the displacement along x  axis is mainly distributed in the frequency of 36Hz, 107.5Hz, 180Hz; along 
y  axis is mainly distributed in the frequency of 36Hz, 73Hz, 145.5Hz, 227Hz; and, along z  axis is 

mainly distributed in the frequency of 36Hz, 895Hz. Where, the frequency of 36Hz contain the 

diplacement superposition of regid displacement and elastic displacement, and it mainly reveals the 

rigid displacement of underwater vehicle. Therefore, the natural frequence of accessories working on 

underwater vehicle should keep away from these values, in order to avoid the resonance. 
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The acceleration responses of tail are shown in Fig.7A-7B. It reveals that: acceleration along x  

and y  axis are all oscillate periodically. Fig.8A-8B have shown the spectrum of acceleration along x  

and y axises. It reveals that: the acceleration along x  axis is mainly distributed in the frequency of 

36Hz, 107Hz, 178Hz, 249Hz, 886Hz; along y  axis is mainly distributed within the frequency of 

300Hz and nearby 900Hz. Also, the natural frequence of some accuracy accessories and easily 

destroyed accessories working on underwater vehicle should keep away from these values, in order to 

avoid the vibration damage effect. 
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 Fig.5A Displacement response along 
x  axis 
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 Fig.5C Displacement response along 
z  axis 
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Fig.9 Mises stress during impact 
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Fig.10 Mises stress between two 

successive impacts 
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Based on the conclusions, the frequency of accessories of underwater vehicle is required to be 

kept away from the value equal or less than 300Hz and the value nearby 900Hz in order to keep 

running reliably. 

The mises stress of underwater vehicle has also been computed, Fig.9 and Fig.10 show the mises 

stress during impact and between two successive impacts respectively. It reveals the stress is mainly 

distributed concentratively over the body's tail during impact and the value increases instantly, but 

when the vehicle has completed impact successful, the stress is mainly distributed evenly over the 

middle part of vehicle. 

Conclusions 

The dynamic behavior of supercavitating bodies operating in periodic tail impact conditions is 

analyzed here. A numerical model is developed to simulate the body motion resulting from the 

impacts of the tail of the underwater vehicle with the water/cavity interface. Besides, the tail impact 

force of the model has been defined. The simulation results reveal that: 

1. The displacement along x  and y  axis oscillates periodically under a periodic impact force, 

the displacement along z  axis increases periodically. 

2. The impact can't be simplified in one plan after long time impacting. 

3. The frequency of accessories of underwater vehicle is required to be kept away from the value 

equal or less than 300Hz and the value nearby 900Hz in order to keep running reliably. 

4. The mises stress is mainly distributed concentratively over the body's tail during impact, and 

distributed evenly over the middle part of vehicle during the interspace between two successive 

impacts. 
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Abstract. The normal stress between wires is one of the main factors of the slipping and stress 

concentration in the stay-cables.  In order to improve the research on the stay-cables, the mechanism 

of the normal stress has been studied in this paper. The normal stress can be resulted from two reasons. 

Firstly, the normal stress generate from the semi-parallel wires because of the existence of spiral 

angle. Secondly, the normal stress results from the pinch-effect generated by the hot-extruding PE 

protection. Both the formulation have been listed to analyse the normal stress in this paper. Result 

shows, the normal stress between the outermost layers is far smaller than the inner layers. Finally, the 

field survey surveys have been used to verify the analysis. 

1. Background 

In recent years, most studies on the flexural failure of stay-cable around the world are based on the 

theoretical assumption that the stay-cable has a constant flexural stiffness. According to this 

assumption, the cross section of cable keeps a constant during the loading procedure
 [1]

. This 

hypothesis, however, could not fulfill the practical demand of the calculation of bending stress. In the 

literature
 [2]

, Professor Gimsing stated that the assumption of the uniform cross-section is only valid 

when the steel wires don't slide between each other 
[2]

. Otherwise, the effect of frictional stress 

between steel wires must be taken into consideration during the analysis of stay-cable's bending 

property. The frictional stress determines whether the steel wires will slide easily or not, further 

influence the magnitudes of the local bending stresses.  

As a general contact problem, the slide between steel wires can be assumed as Mohr-Coulomb 

failure. In this problem, the friction factor can be confirmed by test, so the key procedure is accurately 

calculating the normal stress between the steel wires when they are subjected to the longitudinal force. 

After that, the friction stress between wires can be attained, and the slide state of stands will be 

confirmed. In this paper, the normal stress will be attained by mathematical calculation, and an 

example is used to discuss the slide state in the stay-cable. 

The general manufacturing process of stay-cable lists as follows. First, high-strength, cold-worked 

steel wires are put in rows after cut with specific size. After that the steel wires are twisted slightly and 

twined with spiral steel wires or fiber-reinforced polyester as steel wires. The steel wires then are 

coated with polyethylene jackets by plastic extruding machine and cut precisely according to the 

design. The cables will be finished after installing the matched chill anchor on both sides. The cross 

section of cable is closely arranged with normal hexagon or unfilled corner hexagon, made by slightly 

left twisted with a angle of 2°~4° (as shown in Figure.1). 
[4] 

 

Fig. 1 Cross Section of Typical Stay Cable 

1- steel wire, 

2- circumvoluted small-gauge wire or fibre-reinforced polyester, 

3- black polyethylene jacket, 

4- multi-colour polyethylene jacket. 
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Because of the existence of spiral angle, when the stay-cable is subjected to the longitudinal force, 

the pinch-effect will be generated. Also, the normal stress will be caused by the change of 

temperature during the process of hot-extruding PE wrapping. 

2. Pinch-effect generated by the semi-parallel steel wire's spiral 

angle 

When shaping the cable, the steel wires are twisted slightly to make 

sure each spiral wire is coiled with the inner wire. Due to the spiral 

angle, the normal stress will be generated when a tangential tensile 

force T applied on the cable. Obviously, because the normal stress 

between the concentric steel wires is far less than the one between 

non-concentric steel wires, the calculation of normal stress at the 

outermost layer will be discussed particularly in this paper.  

When the cable is subjected to a tangential tensile force, the 

normal stress among steel wires will transfers as linear uniformly 

distributed load, we assume it as q (KN/m). Based on the assumptions 

above, take the outermost wire as an example , shown in Figure 2 (a). 

When the tangential tensile force T is applied, the radial normal stress 

will occurred between the wire and the cylinder as Figure 2 (b). 

We set the pitch of helix is L, the radius of the cylinder is r, the lay 

angle of helix is t,  then the following equation can be attained: 
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2.1 Normal stress of single helix subjected to longitudinal force 

Take a segment △s for mechanical analysis, shown in Figure 3
[6]

: 

The tension forces acted on the ends of the segment can be listed in the vector way as following: 
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Then the vector expression of the equation is: 
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Fig.2 The force diagram of 

single spiral wire 
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Fig. 3 The force diagram of the 

infinitesimal ∆l 
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And the normal stress on ∆s is: 
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The distributed load can be calculated as follows: 
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Then substitute Equation (2) into the above equation: 
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Sameresults have been attained use integration method and differentiation method  respectively. 

Also the following relationship can be attained between а and the pitch of helix L: 
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Then, Equation(3)can be expressed as  
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2.2 Normal stress between each steel wires layers subjected to longitudinal force 

The cross section of stay-cable is arranged by normal hexagon or unfilled corner hexagon 

multi-layer steel wires (as shown in Figure.1). If the normal stress of the steel wires can be fully 

transmitted from the outer layer to inner layer, we can calculate it layer-to-layer. But, the normal 

hexagon arrangement makes it impossible to calculate it by the above method due to the different 

spread pattern. So in the simplified calculation, we take the average value of radius as the helical 

radius. 

Suppose the number of wire layers arranged in the cross section of the stay-cable is n, the tension 

applied at the both ends of each wire is T, set the outermost wire layer as the first layer, then the 

average radius of the N-layer steel wires would be: 
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Substitute Equation (5) into Equation (4), the normal pressure under the tension T at both ends will 

be: 
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The pressure of the first layer is : 
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3. Pinch-effect generated by the hot-extruding PE protection 

By using the extrusion technology, parallel wire cables are coated with black high density 

polyethylene jacket. During the process the polyethylene jacket will deform due to the 

heat-expansion and cold-contraction, which will result in the pinch-effect to the parallel steel wires. 

We denote the linear thermal expansion coefficient of high density polyethylene under the room 

temperature is а  .So,
t

L

L ∆

∆
⋅=

1
α .Then the strain of unit volume polyethylene jacket generated by the 

temperature variation t∆  is t∆×α , and the stress is tE ∆⋅⋅α , where E is modulus of elasticity of 

polyethylene. Take a unit length of cable, if the extrusion pressure of the unit-length wire generated 

by the polyethylene jacket was q0, then: 

tErq ∆⋅⋅⋅⋅= απ20                                                                                                                        (8) 

4. Example 

The cable which consists of 21 layers and 283 steel wires is 

arranged by unfilled corner hexagon, and slightly left twisted and 

the lay angle is 3° (as shown in Figure 4). The tensile strength of 

steel wire is MPab 1670=σ .And the tensile force bAT σ4.0= is 

applying at the both cable ends. 

The temperature variation of polyethylene jacket caused by 

extrusion processing process is about 24 ℃. The elongation rate is 

25%, tensile elasticity modules ≥150MPa.
[2]

 Then the extrusion 

pressure transferred to the steel wires arranged in each layers can be 

calculated from Eq.(8) is about 35.578KN/m. The normal pressure 

between layers can be calculated by added the two extrusion effect 

together. The following table lists the maximum frictional force 

(static friction) the wire can afford: 

 

 
Figure 4 Cross-section of 

cable 

7mm steel wires 

PE Pipe 
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Table 1. The normal strsee and the maximum static friction steel wires can resist 

Layer 

No.(i)    

NormalNormalNormalNormal    stress stress stress stress 

causcauscauscausedededed    by theby theby theby the    lay lay lay lay 

angle (angle (angle (angle ((KN/m)(KN/m)(KN/m)(KN/m)    

NormalNormalNormalNormal    stressstressstressstress    

causcauscauscaused by theed by theed by theed by the    PE PE PE PE 

protectionprotectionprotectionprotection    (KN/m)(KN/m)(KN/m)(KN/m)    

FFFFrictional rictional rictional rictional 

factorfactorfactorfactor****    

MMMMaximumaximumaximumaximum    static static static static 

frictionfrictionfrictionfriction    

(KN/m)(KN/m)(KN/m)(KN/m)    

1 378.88 35.578 0.211 87.42 

2 802.34 35.578 0.211 176.74 

3 1282.26 35.578 0.211 277.97 

4 1836.01 35.578 0.211 394.77 

5 2490.44 35.578 0.211 532.81 

6 3290.31 35.578 0.211 701.52 

7 4318.70 35.578 0.211 918.44 

8 5758.45 35.578 0.211 1222.12 

9 8158.04 35.578 0.211 1728.26 

10 15356.81 35.578 0.211 3246.68 

* Measured by the friction test 

 
Fig.5 The tendency chart of the static friction force between layers 

5. Conclusion 

Normal stress will be generated due to the spiral angle of wires and pinch-effect of hot-extruding PE 

wrapping when the stay-cable is under longitudinal force, it will ultimately affect the local cable 

bending stresses. From the results of the above analysis, we can conclude that normal stress are 

mainly result from the pinch-effect because of the existence of the spiral angle, which is directly 

determined by the manufactory process and the tensile force of semi-parallel cable. That means the 

compressive stress is directly proportional to the longitudinal force and the square of the cosine of 

spiral angle, and inversely proportional to the diameter of cable. 

It can be seen from Figure 5 that the maximum static friction between inner steel layers is much 

larger than that between the outer layers. Thus, the outer layer wire is much easier to be broken and 

slid than the inner layer. 

The steel wires at the six corner points of the hexagonal array may be supported by the neighboring 

ones, so its compressive stress cannot be fully passed into the inner steel wires. Therefore, 

compressive stress suffered by these steel wires may be smaller than the others; the maximum static 

friction will be smaller as well, so they will be prone to slippage or broken. 

The two conclusions above can be verified by the fatigue test of the parallel wire cables. The 

fractured part of the wire at the anchorage is almost always locates in the outermost row of the cable 

cross-section, as is shown in Figure 6. A signal slip has been found at the outermost row
 [6]

, which can 

be explained by the slip hypothesis listed in this phenomenon. 
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Fig.6 The fractured part of the wire at the anchor position 
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Abstract: Based on the basic requirements of current Guidelines for Seismic Design of Highway 

Bridges, the orthogonal quasi-static test of four factors (shear-span ratio, longitudinal reinforcement 

diameter, axial-load ratio and spiral reinforcement ratio) at three different levels for circular 

reinforced concrete bridge columns has been designed. With test data the damage state, 

displacement ductility, capacity of accumulative energy dissipation to ultimate displacement state 

of bridge columns subjected to low-cyclic loading have been analyzed systematically so as to 

investigate effects of factors such as shear-span ratio, axial-load ratio, longitudinal reinforcement 

ratio and spiral reinforcement ratio on ductility performance of bridge columns.    

Introduction  

With the rapid development of seismic techniques on bridges, the main bridge seismic design codes 

in the world have adopted ductility design. In comparison with the Specifications of Earthquake 

Resistant Design for Highway Engineering (JT004-89) which design based on quasi-strength and 

ductility seismic details are inadequately
[1]

, the most important progress in current Guidelines for 

Seismic Design of Highway Bridges of China (JTG/T B02-01-2008) lies in introduction of the idea 

of ductility based seismic design
[2]

. In ductility based seismic design of reinforced concrete bridges, 

the hysteresis energy dissipated capacity and ductility performance of columns decide the integral 

seismic capability of bridges to some extent. However, as of now researches on reasonability of 

requirements for reinforcing bars and structural details of columns in the Guidelines for Seismic 

Design of Highway Bridges are particularly scarce. Therefore, it is necessary to carry out systematic 

and deep research on seismic performance and ductility damage mechanism of reinforced concrete 

bridge columns in compliance with the requirements in existing seismic codes for bridges.   

Design of Orthogonal Quasi-static Test for Bridge Columns 

Design of model specimens of columns 

The quasi-static test for reinforced concrete bridge columns adopts orthogonal design of four factors 

at three different levels (3 series, 9 model specimens of columns), and mainly investigates the 

effects of factors such as shear-span ratio (L/D), longitudinal reinforcement diameter (db), axial-load 

ratio (P/Ag fc’) and spiral reinforcement ratio (ρh), etc. on seismic performance of bridge columns. 

The specimens satisfy the relevant provisions and requirements in the Guidelines for Seismic 

Design of Highway Bridges (2008) in reinforcing bars and structural details. The summary of 

parameters for model specimens of columns is shown in Table 1,and the layout of strain gauges for 

longitudinal reinforcement and spiral reinforcement is show in Fig.1,where Lp is the plastic-hinge 

length in reference [2]. In addition, it should be pointed out that Column 7024 has many holes 

because of uncompacted vibration of concrete in bottom area of the column during construction, 

and these holes are only made up by means of cement slurry in later period. 
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Table 1 Summary of Parameters for Three-level Orthogonal Model Specimen Design 

Row 1 2 3 4     

Factor 

Column  

No. 

L/D 
db 

(mm) 
P/Ag fc

’
 

ρh 

(%) 

ρh
’
 

 (%) 

ρl 

(%) 

Length 

(cm) 

Spiral spacing 

(mm) 

4508 4.5 10 0.1 0.8 0.4 0.8 180 63 
4515 4.5 14 0.2 1.0 0.6 1.5 180 50 

4524 4.5 18 0.3 1.2 0.9 2.4 180 42 

5708 5.7 10 0.2 1.2 0.6 0.8 230 42 
5715 5.7 14 0.3 0.8 0.8 1.5 230 63 

5724 5.7 18 0.1 1.0 0.4 2.4 230 50 

7008 7.0 10 0.3 1.0 0.7 0.8 280 50 
7015 7.0 14 0.1 1.2 0.4 1.5 280 42 

7024 7.0 18 0.2 0.8 0.7 2.4 280 63 

 Note: the diameter of all columns is 40cm, the concrete is C30, the number of longitudinal reinforcements 

is 12, the diameter of spiral reinforcement is 8mm. and ρh
’
 is minimum spiral reinforcement ratio in 

reference [2]. 

Material properties 

The moment-curvature analysis of section must take the strain strengthening effect of longitudinal 

reinforcements and confinement effect on core concrete by spiral reinforcement into account, the 

mechanical parameters for concrete and reinforcement should adopt measured values. The strengths 

of concrete for base of the column and column specimens are 33.9MPa and 31.9MPa respectively, 

reinforcements include 4 types with diameters of 8mm, 10mm, 14mm and 18mm, of which, the 

8mm reinforcement is plain bar for spiral reinforcement, and the others are all rebar for longitudinal 

reinforcements. The material characteristics of reinforcements are shown in Table 2.  
 

Table 2 Properties of Reinforcements 

Diameter (mm) 8 10 14 18 
Yield strength(MPa) 278 394 332 374 

Ultimate strength (MPa) 451 532 545 606 

*Yield strain 0.0013  0.0020  0.0017  0.0019  

Ultimate strain 0.281 0.244 0.225 0.197 

* Obtained via calculation by taking 2.1×10
5
MPa as elastic modulus for 

  8mm reinforcement and 2.0×10
5
MPa as elastic modulus for the others. 

 

      

Fig.1 Layout of Strain Gauges for Longitudinal           Fig.2 Overall Layout of Test Setup and 

Reinforcement and Spiral Reinforcement            Loading History of Lateral Displacement 

Test Setup and Loading Mechanism  

The test is carried out in State Key Laboratory of Bridge Structural Dynamics, Chongqing 
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Communications Research & Design Institute, the integral test setup is shown in Fig.2. In the test 

the vertical load is first of all applied as per the axial-load ratio and kept constant, and then the 

cyclically horizontal displacement load is applied. The loading history of displacement can be 

divided into three stages: pre-cracking, per-yield and after yield, and the curve of loading history of 

displacement is shown in Fig.2. Of them the displacement levels pre-cracking of column-bottom 

section of column are calculated based on elastic theory, the displacement levels per-yield include 

displacement level from two cracks to initial yield of longitudinal reinforcements and the 

displacement level of initial yield of longitudinal reinforcement, and the displacement levels after 

yield are determined based on multiples of theoretical yield displacement ∆
c
y. Three cycles are 

loaded for each displacement level. The mark for failure to specimens is that the lateral bearing 

capacity decreases below 85% of the maximum value, or longitudinal reinforcements are fractured, 

or core concrete is crushing in large area.  

Before determination of loading history of lateral displacement, the moment-curvature analysis 

of section for various columns is carried out by XTRACT software so as to calculate corresponding 

initial yield of longitudinal reinforcement displacement ∆yfirst and theoretical yield displacement ∆
c
y. 

The theoretical yield displacement ∆
c
y is composed of flexual deformation, shear deformation and 

bond-slip deformation caused by strain penetration effect, the calculation equations are as follows
[3]

: 

'

3
∆ y

2

yfirst

L
φ=                                         （1） 

slipshearflex

c

y ∆∆∆∆ ++=                                 （2） 

y

2

flex

L
φ

3
∆ =                                          （3） 

y

shear

v eff

V
L

k AG
∆ = ×                                     （4） 

8

b y y

slip

d f
L

u

φ
∆ = ×                                       （5） 

Where, L - height of column,φy' – curvature corresponding to the first yield of the longitudinal 

steel, φy – effective yield curvature, Vy – lateral force corresponding to equivalent yield bending 

moment My, kv – shape factor (0.85 for circular column), A – gross section area of column, Geff - 

effective shearing modulus, db – diameter of longitudinal reinforcement, fy – yield strength of 

longitudinal reinforcement, u – average bonding strength of reinforcement-concrete (approximated 

into 0.8 ,fc' MPa). 

The loading history of lateral displacement of specimens for various columns is determined as 

Table 3 in accordance with the idea of displacement loading based on three stages: 

 
Table 3 Loading History of Lateral Displacement (Unit: mm) 

Series 
Column 

No. 

Before 

crack 

Before 

yield 

Before 

yield 

Initial 

yield 
1∆

c
y 2∆

c
y 3∆

c
y 4∆

c
y 5∆

c
y 6∆

c
y 7∆

c
y 

Col1 
4508 1  3  6  9  12  24  36  48  60  72  84  
4515 1  3  5  8  14  28  42  56  70  84  98  

4524 1  3  6  9  17  34  51  68  85  102  119  

Col2 
5708 1  4  7  14  20  40  60  80  100  120  140  
5715 2  5  10  15  22  44  66  88  110  132  154  

5724 1  4  7  14  25  50  75  100  125  150  175  

Col3 
7008 3  8  16  24  32  64  96  128  160  192  224  
7015 2  4  9  19  29  58  87  116  145  174  203  

7024 2  6  13  24  36  72  108  144  180  216  252 
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Test Results and Evaluation 

Damage state and hysteresis response of columns 
All three series columns exhibit obvious flexual damage state, and the progression of damage for all 

columns are similar. Damage phenomena can be summarized as follows: (1) Concrete on the 

bottom of columns cracks first, flexual cracks increase, and space reduces. (2) Original cracks 

expand, width of cracks enlarges, flexual cracks development appears to be stable.(3) Flexual 

cracks on both sides show diagonal expansion and cover concrete start to spall. (4) Spalling area 

gradually enlarges along column height and arc surface, spiral reinforcements and longitudinal 

reinforcements become exposed. (5) Spiral reinforcements in bottom area of columns show obvious 

yield deformation, and longitudinal reinforcements begin to buckling. (6) Core concrete shows sign 

of crushing, and longitudinal reinforcements are fractured after serious buckling. Fig.3 gives 

progression of damage for Column5724, and Fig.6 shows force-displacement hysteresis curve and 

marks of various damage states for each column.  

To progression of damage for columns, crushing and spalling of core concrete for columns with 

longitudinal reinforcements of 10mm diameter are not obvious, the failure of column is controlled 

by fracture of longitudinal steels. When columns with longitudinal reinforcements of 14mm or 

18mm diameters are in the state of ultimate displacement, crushing and spalling of core concrete are 

rather obvious, the failure of column is controlled by fracture of longitudinal reinforcements and 

crushing of core concrete. From hysteresis curve of columns, the columns with low longitudinal 

reinforcement ratio and high axial load show obvious pinching, which indicates they are influenced 

by a certain shearing mechanism. And the columns with small diameter of longitudinal 

reinforcements can bear fewer numbers of cyclic loading when longitudinal steels fracture. 
 

    

Fig.3 Progression of Damage for Column 5724 

Displacement ductility of columns 

The displacement ductility is an important measurement index for seismic performance of columns. 

The yield displacement of columns is estimated based on Park method
[4]

 (as shown in Fig.4, C is the 

yield point), the ultimate displacement state corresponds to lateral bearing capacity on its force-

displacement backbone curve decreasing below 85% of the maximum value (if not, the initial 

fracture of longitudinal reinforcement is taken as the ultimate displacement state), then the 

displacement ductility factor corresponding to the ultimate state of columns is shown in Table 4. It 

is observed that the columns under test exhibit excellent ductility performance (however, the 

displacement ductility of Column7024 is relatively bad since it is damaged earlier during test due to 

uncompacted vibration of concrete in bottom area of columns), and it is indicated that the relevant 

requirements and provisions in reference [2] are reasonable. The results of orthogonal analysis show 

that the axial-load ratio and longitudinal reinforcement ratio greatly influence the displacement 

ductility factor, which becomes smaller with increase of the axial-load ratio and longitudinal 

reinforcement ratio. In the mean time Table 4 also gives the comparison between theoretical yield 
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displacement ∆
c
y and experimental yield displacement ∆y, the mean value and standard deviation of 

∆
c
y/∆y are 1.01 and 0.25 respectively. Based on theoretical calculation and test results, the loading 

history of displacement stipulated is reasonable, and the estimate method for experimental yield 

displacement is reliable. 
 

Table 4 Displacement Ductility Factor of Test Bridge Columns  

Series 
Colum
n No. 

Theoretical 
yield 

displacement 
∆

c
y (mm) 

Experimental 
yield 

displacement 
∆y (mm) 

Experimental ultimate 
displacement  

∆u (mm) 

Displacement 
ductility 
factor µ∆ 

Col1 

4508 12.3  11.5  96.1  8.4  
4515 13.6  16.9  115.9  6.9  

4524 16.5  20.3  153.0  7.5  

Col2 

5708 20.1  17.5  129.5  7.4  
5715 22.1  23.1  161.7  7.0  

5724 24.5  31.5  220.9  7.0  

Col3 

7008 31.0  18.5  141.8  7.7  
7015 29.3  29.6  248.0  8.4  

7024 36.2  39.8  211.5  5.3  

Properties of hysteretic energy 

The properties of hysteretic energy reflect capability of columns dissipating external energy to resist 

seismic force and are quite important for seismic resistance of bridge ductility. The hysteresis 

energy dissipation of columns is defined as the area encompassed by enclosed hysteresis loop in 

force-displacement curve, the more the area of hysteresis loop, the stronger the capability of 

columns dissipating energy. The hysteresis energy dissipation of tested columns has the following 

feature: (1) At the same displacement level, the energy dissipated by the latter cycle is smaller than 

that dissipated by the former cycle due to accumulation of damages, this feature is more obvious 

especially in later period of loading. (2) When longitudinal reinforcements buckling, the energy 

dissipated by columns dramatically decreases and plunges especially when longitudinal 

reinforcements fracture.  

Fig.5 gives normalized graphic representation of the accumulative dissipated energy to ultimate 

displacement state. From Fig.5, it can be seen that the accumulative dissipated energy is directly 

related to longitudinal reinforcement ratio (except Column7024, which is damaged too early due to 

uncompacted vibration in bottom area of columns), while is not obviously influenced by axial-load 

ratio and spiral reinforcement ratio. 

        
Fig.4 Definition of Yield Displacement         Fig.5 Normalized Accumulative Dissipated Energy 
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Fig.6 Force-Displacement Hysteretic Response of Bridge Columns 

Conclusions 

Based on the basic requirements in reference [2], the orthogonal test of four factors at three 

different levels for circular reinforced concrete bridge columns has been designed, and the 

influences of shear-span ratio, longitudinal reinforcement ratio and spiral reinforcement ratio, etc. 

on seismic performance of bridge columns have been investigated via quasi-static test. The test 

results show that:  

(1) The progression of damage for all column specimens is similar: concrete cracks, flexual 

cracks expand diagonally, cover concrete spalling, spiral reinforcements yield and longitudinal 

reinforcements buckling, core concrete crushing and longitudinal reinforcements fracture. For 

columns with longitudinal reinforcements in small diameter, the failure of column is controlled by 

fracture of longitudinal steels, and which can bear fewer times of cyclic loading when longitudinal 

steels fracture. For columns with longitudinal reinforcements in big diameter, the failure of column 

is controlled by fracture of longitudinal steels and crushing of core concrete. 

(2) The relevant requirements for ductility design of columns in reference [2] are reasonable, the 

displacement ductility of columns are greatly influenced by axial-load ratio and longitudinal 

reinforcement ratio, and becomes smaller with increase of axial-load ratio and longitudinal 

reinforcement ratio. 

(3) Accumulative dissipated energy to ultimate displacement state of columns is mainly related 

to longitudinal reinforcement ratio.  

 (4) Displacement ductility and energy dissipated capability of Column7024 is relatively bad 

because of uncompacted vibration of concrete in bottom area of column, this leads to the adverse 

influence on ductility capability of columns.  
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Abstract. Steam-induced vibration fault seriously affects the reliable operation of supercritical 

steam turbine. A lot of actual cases of steam-induced vibration of steam turbine were collected in 

this work. Based on the cases, steam-induced vibration fault was statistical and classified by fault 

severity, fault reason, occurrence load and happened time. The results show that steam-induced 

vibration usually occurs after turbine runs one year later and turbine is with a high load. Oil 

temperature change is the main running parameters which affect steam-induced vibration. Distribute 

steam mechanism, especially improper opening and order of adjustment valve, is the most 

important factor causing steam-induced vibration fault. Meanwhile, based on the FMEA method, 

fault mode of steam-induced vibration was analyzed in detail. 

1 Introduction 

Steam-induced vibration is a kind of self-excited vibration which is caused by inner 

flow-induced force of steam turbine. With steam parameters of steam turbine increased, the 

sensitivity that tangential steam forces act on the gap between rotor and stator and seal structure is 

improved. The problem will become more serious with the flow-induced force increased. It was 

proved by operation experience that steam-induced vibration occurs not only on subcritical steam 

turbines but also supercritical steam turbines. And the possibility occurred on supercritical turbines 

is much larger than that of subcritical turbines. Steam-induced vibration has become to one of the 

most important issues affecting the operation reliability of steam turbines[1-4]. We collected many 

actual cases of steam-induced vibration of steam turbine in this work. After studying on the cases, 

steam-induced vibration fault was statistical and classified from four aspects including fault severity, 

fault reason, occurrence load and happened time. And some valuable conclusions were achieved. 

Fault statistical classification of steam-induced vibration 

A large number of fault cases of steam-induced vibration were statistical and classified from 

four aspects: fault severity, fault reason, occurrence load and happened time. 

2.1 Statistical classification according to fault severity 

According to fault severity, steam-induced vibration can be divided into four categories: 

vibration near to alarm value, vibration up to about 80um, unit stop and check, forced shutdown. 

Statistical results were shown in Fig.1. It illustrated that the cases of vibration near to alarm value 

which were the main fault result were about 43%. Once steam-induced vibration was excited, there 

will be a sudden vibration on turbine rotor which led to vibration amplitude increase rapidly.  

© (2011) Trans Tech Publications, Switzerland
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Fig.1. statistical results according to fault severity 

2.2 Statistical classification according to fault reason 

The fault reasons of steam-induced vibration included four aspects: steam distribution 

mechanism, uneven radial clearence, poor stability of high-pressure cylinder bearing, operating 

parameters changed. The statistical results were illustrated in Fig.2. It was obvious that the cases 

caused by steam distribution mechanism which was the main factor were 42%.  

 

Fig.2. statistical results according to fault reason 

Every one of reason above mentioned included several aspects. The analysis was as follows. 

2.2.1 Steam distribution mechanism 

Unsuitable operation modes usually consisted of the following:  improper opening and order 

of adjustment valve, single-side jam of high pressure control valve, misalignment connected 

between main steam pipes and cylinder. The statistical results were illustrated in Fig.3. It could be 

found that improper opening and order of adjustment valve was the main factor causing 

steam-induced vibration. 

 

Fig.3. statistical results according to steam distribution mechanism 

2.2.2 Uneven radial clearence 

The reasons of uneven radial clearence contained several aspects: poor concentricity of the 

rotor and cylinder, rotor misalignment, improper labyrinth clearance. The statistical results were 

showed in Fig.4. Obviously, poor concentricity of the rotor and cylinder which amount was about 

60% total number was the main factor leading to uneven radial clearence. 

 

Fig.4. statistical results according to uneven radial clearence 
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2.2.3 Poor stability of high-pressure cylinder bearing 

The reasons of poor stability of high-pressure cylinder bearing involved following aspects: 

bearing elevation changed, bearing headspace large, improper bearing type. The statistical results 

were illustrated in Fig.5. It could be found that the scale of bearing elevation changed was about 

60%. And bearing elevation changed was the most important reason for poor stability of 

high-pressure cylinder bearing. 

 
Fig.5. statistical results according to poor stability of high-pressure cylinder bearing 

2.2.4 Operating parameters changed 

Operating parameters changed mainly included oil temperature, main steam parameters, seal 

parameters and shaft imbalance. Fig.6 showed the statistical results which illustrated that oil 

temperature was the main factor leading to steam-induced vibration. 

 
Fig.6. statistical results according to operating parameters changed 

2.3 Statistical classification according to load 

The statistical results according to load were illustrated in Fig.7. It was showed that most of 

steam-induced vibration occurred when the load was high. And low frequency vibration had a good 

reproducibility with load. With high load, steam flow and exciting force would increase. That was 

easier to bring about steam-induced vibration. In order to prevent or suppress steam-induced 

vibration, most of the units ran with limited load. That caused lower economy for power plant.  

2.4 Statistical classification according to fault happened time 

Happened time of steam-induced vibration can be divided into three categories: (1)new machine 

startup or early stage;(2)running one year later;(3)startup after overhaul.  

The statistical results were illustrated in Fig.8. It could be found that steam-induced vibration 

occurred after one year operation usually. The reason was that shaft stability would become weak 

after the unit ran for some time, which led to thermal deformation, basement looseness and bearing 

fatigue damage. The cases caused by new machine and startup after overhaul accounted for nearly 
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Fig.7. statistical results according to load 
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half of the total. The reason was that some elements including misalignment between cylinder and 

rotor and uneven clerence caused by poor quality of installation and maintenance brought about 

steam-induced vibration. So the new units and the units after overhaul would pay more attention to 

monitor and prevent the occurrence of steam-induced vibration. 

 

Fig.8. statistical results according to happened time 

To sum up the above arguments, steam-induced vibration usually occurs after turbine runs one 

year later and turbine is with a high load. Oil temperature change is the main running parameters 

which affect steam-induced vibration. Distribute steam mechanism, especially improper opening 

and order of adjustment valve, is the most important factor causing steam-induced vibration fault. 

3 Fault mode analysis of steam-induced vibration based on FMEA method 

Failure Mode and Effect Analysis(FMEA) was an analysis method faced to system specific 

physical unit. Failure mode analysis used the bottom-up method. Based on the basic failure mode of 

system unit, potential fault reasons would be found out. Analyzing the effect by fault reasons, some 

actions were took to reduce and prevent the impact of fault on the system[5]. By using FMEA, we 

will at least get the fault symptoms, fault consequence and effect, fault reason, preventive actions 

and other information of steam-induced vibration. 

Fault mode analysis of steam-induced vibration was shown in Tab.1. 

Tab.1 Fault mode analysis of steam-induced vibration 

fault mode steam-induced vibration 

occurred position rotor-support system of high-pressure cylinder 

fa
u

lt
 s

y
m

p
to

m
s 

m
o

n
it

o
ri

n
g

 p
ar

am
et

er
s 

sy
m

p
to

m
s 

 

name 
x、y bearing 

vibrations  

bush 

vibration 
frequency load 

main 

steam 

pressure 

opening and 

order of 

adjustment 

valve 

gap 

voltage 

jacking oil 

pressure 

value 

amplitude 

sudden 

increased 

amplitude 

sudden 

increased 

Pff 5.0≈

or

60

knf ≈  

happened with 

high load, 

strong 

representation

significant 

relationship 

between 

pressure 

and 

vibration 

amplitude 

sudden 

increase with 

some opening 

floating fluctuating 

threshold 
125µm 

alarm 

60µm 

alarm 

floating 

value>20% 

fluctuation 

value>0.2MPa 

visual signs of 

physical 

phenomena 

violent vibration; a humming noise in high-pressure cylinder bearing 

fa
u

lt
 c

o
n

se
q

u
en

ce
 

an
d

 e
ff

ec
t 

current level rotor-support system of high-pressure cylinder 

effect described shaft stability decreased; induced rotor instability; oil pressure fluctuation; bush or shaft journal fatigue failure 

up level shafts of steam turbine 

effect described shafts or unit damage; rub-impact between rotor and cylinder; rotor bending or breaking; load output limited 

fa
u

lt
 

re
as

o
n

s current level bearing headspace large improper bearing type improper oil temperature bearing elevation changed 

judgment 

rules 

headspace＞

1.5‰shaft journal 

stability of barrel bearing 

is poor than elliptical 

output oil temperature 

of oil cooler＜35℃ 

deviation from the 

specified value＞

31%

52% 

17%

new machine startup or early stage 

running one year later 

startup after overhaul 
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bearing 0.2mm 

up level 
improper steam 

distribution mechanism 
uneven radial clearence 

improper steam 

distribution of gland 

main steam pressure 

fluctuation 

judgment rules 
check with steam 

distribution process 

stop machine,   

maintenance record 

stop machine, 

maintenance record 
>0.1MPa 

fault reson search open cylinder and check 

preventive actions 

1 strictly control bearing neck up-rising inclination, bush pre-tighten force and bearing load when steam 

turbine installation. 

2 carefully adjust safety clearance of gland over shroud, diaphragm gland shaft external gland; prevent 

excessive clearance. 

3 adjust bearing elevation of cold state should seriously considered the change character of bearing elevation 

when unit has different load. 

operation aspects： 

1 potimization opening and order of adjustment valve. 

2 prevention a large number of steam leakage, which caused bearing lost stability.  

3 adjustment oil temperature. 

4 Conclusions 

We collected many actual cases of steam-induced vibration of steam turbine in this work. The 

cases divided into four categories: fault severity, fault reason, occurrence load and happened time 

were statistical and classified. The results show that steam-induced vibration usually occurs after 

turbine runs one year later and turbine is with a high load. Oil temperature change is the main 

running parameters which affect steam-induced vibration. Distribute steam mechanism, especially 

improper opening and order of adjustment valve, is the most important factor causing 

steam-induced vibration fault.  
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Abstract. The symmetry in a double-well potential of bistable systems subject to the action of a 

harmonic signal is broken. By variation of the amplitude of a harmonic signal, the asymmetry of 

bistable systems can be effectively controlled, the transitions probability between the two potential 

wells is increased and has influence on the effect of stochastic resonance in bistable systems. 

Numerical simulations show that adjusting the amplitude of a harmonic signal can produce 

stochastic resonance or make stochastic resonance more intense in bistable systems. It is a new 

method for stochastic resonance control. 

Introduction  

Stochastic resonance (SR) is a cooperative effect that is observed in nonlinear systems driven by 

a weak signal and noise. SR describes a nonlinear phenomenon that a weak input signal can be 

amplified and optimized by the assistance of the noise in nonlinear systems. The phenomenon 

happens when time scale of the weak signal and noise-induced probability transitions between the 

potential wells achieves stochastic synchronization. Since SR was proposed by Benzi et al in 

1981[1], a large amount of numerical and experimental work has been devoted to the study of SR 

[2-3]. SR has been observed in a large variety of systems in physics, chemistry, engineering, 

biology and biomedical. In particular, SR has useful applications in engineering, signal processing, 

biology and biomedical science fields [4-5]. To quantitatively character SR, some measures to 

detect SR is introduced such as the spectral power, signal-to-noise ratio, and the residence-time 

distribution function. In many situations, however, the strength of the noise is not arbitrarily 

controllable. In order to enhance or suppress the spectral power, a control method based on a 

modulation of the height of the potential barrier is proposed [6]. Subsequently, a series of control 

methods such as harmonic mixing, adding external feedback and the control based on vibration 

resonance are proposed [7, 9]. Using these control methods, spectral power or signal-to- noise ratio 

of output signal of the bistable system can be effectively controlled. 

This paper analyzes the characteristics of double-well potential of bistable system subject to the 

action of a harmonic signal. The effect of stochastic resonance in the bistable systems is 

quantitatively described by using spectral power. The influence of amplitude and frequency of a 

harmonic signal on SR is numerically analyzed. The stochastic resonance control method is 

proposed that can produce SR or enhance SR in bistable systems by adjusting the amplitude of a 

harmonic signal.  

The Mode of Stochastic Resonance by Two Periodic Signals 

The motion of a Brownian particle in a bistable potential in the presence of noise and two 

different period signals is given by 

                                   '
( ) cos( ) ( ).x V x A t tω= − + + Γɺ                                                                           (1) 

Where ( )V x is an asymmetry double-well potential, 

2 4( ) cos( ).
2 4

a b
V x x x xB t= − + − Ω                                                                                                            (2) 
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Where ,a b is potential parameters of a nonlinear system, cos( )A tω is a basic frequency signal with an 

amplitude A and a frequencyω , cos( )B tΩ  is a harmonic signal with an amplitude B and a frequency 

nωΩ = , n is integer with 1n > . ( )tΓ is a zero-mean, Gaussian white noise with autocorrelation 

function 

           ( ) ( ) ( )' 2 ' .t t D t tδ< Γ Γ >= −                                                                              (3) 

Where D is the noise strength.  

In the absence of period signal and noise, the double-well potential is symmetric. The potential 

minima are located at /x a b= ± and are separated by a potential barrier with the height given 

by 2 / 4V a b∆ = . The barrier top is located at 0x = .  

In the absence of a harmonic signal, Eq.1 forms the archetypical model for SR. When the noise 

strength is small, particles stochastic fluctuate in the single potential well. Via reducing the height 

of the potential barrier, more particles in the single potential well can overcome the potential height, 

hop between wells and lead to exhibit SR. When the noise strength is large, particles disorderly 

switch between the two potential wells. Via increasing the height of the potential barrier, disordered 

switching can be transferred into ordered switching.  

 In the presence of a harmonic signal, the symmetry of the bistable system is broken and the 

double-well potential is tilted asymmetrically up and down, periodically raising and lowering the 

potential barrier, as displayed in Fig. 1. If particles stochastic fluctuate in the left potential well, the 

harmonic signal cos( ) 0B tΩ > pushes particles to the right potential well; if particles stochastic 

fluctuate in the right potential well, the harmonic signal cos( ) 0B tΩ <  pushes particles to the left 

potential well. This periodically locks the potential back and forth, so particles can overcome the 

height of the potential barrier and hop between wells. Indeed, by adding a harmonic signal, the 

height of the potential barrier dynamically changes, therefore, the transitions of particles between 

potential wells can be controlled effectively and the effect of SR becomes controllable. 

                                     

Results based on Numerical Simulation and Discussions 

Stochastic Resonance by Harmonic Signal 

Sets potential parameters 1.0 1.0a b= =， , the amplitude and frequency of basic frequency signal is 

respectively 0.2A = , 0.01ω π= , the noise strength 1.0D =  and the sampling frequency is selected to 

be 100
s

f Hz= . When the amplitude of harmonic signal is 0B = , the particles can not overcome the 

height of the potential barrier, only fluctuates in the single potential well. There is no SR effect in 

the bistable system. The spectral power of output at the signal frequency ω  is ( ) 0.003434P ω = , as 

shown in Fig. 2. When the amplitude and frequency of a harmonic signal is 0.26B = , 0.04πΩ =  

respectively, due to the action of the harmonic signal, double-well potential dynamically changes, 

particles hop between wells, SR in the bistable system happens. The spectral power of output at the 

signal frequency ω  is ( ) 0.3751 0.003434P ω = > , as shown in Fig. 3. 

 

 

Figure 1. The bistable system potential by a 

harmonic signal 

560 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

 

 
The potential parameters 1.0 1.0a b= =， are fixed, sets 0.25A = , 0.01ω π= , 4.8D =  respectively. 

When the amplitude of a harmonic signal is 0B = , SR in the bistable system happens. The spectral 

power of output at the signal frequency ω is ( ) 0.275P ω = , as shown in Fig. 4. When the amplitude 

and frequency of a harmonic signal is 0.15B = , 0.06πΩ =  respectively, the effect of stochastic 

resonance in bistable system is significantly reinforced, the spectral power of output at the signal 

frequency ω  is ( ) 0.3859 0.275P ω = > , as shown in Fig. 5. 

 

 

 
Figure 4. Time-domain waveform and power spectrum driven by single 

signal (a) Time-domain waveform (b) power spectrum of ( )x t  

 

 
Figure 3. Time-domain waveform and power spectrum 

driven by double signals (a) Time-domain waveform (b) 

power spectrum of ( )x t  

 

 
Figure 2. Time-domain waveform and power spectrum 

driven by single signal (a) Time-domain waveform (b) 

power spectrum of ( )x t . 
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The Influence of Parameters of Harmonica Signal on Stochastic Resonance 

Set 1.0 1.0a b= =， , 0.1A = , 0.01ω π= , 4D =  respectively. From Fig. 6, when the value of Ω at 

0.04πΩ = is fixed, the spectral power of output at the signal frequency ω first increases with 

increasing the amplitude B of a harmonic signal, reaches a maximum, and then decreases again. The 

spectral power of output at the signal frequencyω is maximum at 0.27B = . From Fig. 7, when the 

value of B at 0.27B = is fixed, the spectral power of output at the signal frequency ω  changes with 

changing the frequency Ω of harmonic signal and has a peak at 0.04πΩ = . 

  

              
The potential parameters 1.0 1.0a b= =， and noise strength 4D = are fixed. Set 0.25A = , 0.01ω π=  

respectively. From Fig. 8, when the value of Ω at 0.02πΩ = is fixed, the spectral power of output at 

the signal frequency ω  first increases with increasing the amplitude B of a harmonic signal, reaches 

a maximum, and then decreases again. The spectral power of output at the signal frequencyω  is 

maximum at 0.317B = . From Fig. 9, when the value of B at 0.317B =  is fixed, the spectral power of 

output at the signal frequency ω  changes with the change of the frequency Ω of a harmonic signal 

and has a peak at 0.02πΩ = . 

 
 

 

 
Figure 8. Power spectral density versus the amplitude B of a harmonic signal  

 

 
Figure 5. Time-domain waveform and power spectrum 

driven by double signals (a) Time-domain waveform (b) 

power spectrum of ( )x t  

 
Figure 7. Power spectral density versus the frequency Ω of a harmonic signal 

 

Figure 6. Power spectral density versus the amplitude B of a harmonic signal  
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Conclusions 

The symmetry in a double-well potential subject to the action of a harmonic signal is broken. 

The height of the potential barrier of bistable systems can be dynamically adjusted by varying the 

amplitude of the harmonic signal. Numerical simulation shows that changes in the amplitude and 

frequency of a harmonic signal can affect the spectral power of bistable systems output at the basic 

frequency signal. Adjusting the amplitude of a harmonic signal can produce stochastic resonance or 

make stochastic resonance more intense in bistable systems so that SR in the bistable systems can 

be effectively controlled. A low frequency signal with small amplitude can produce SR using 

additional harmonic signal to control SR, and it widens the application range of SR, especially 

detecting weak signals in strong noise. A novel approach of detecting weak signals in strong noise 

using additional harmonic signal to control SR is presented.  
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Abstract. Image interpolation is used widely in the computer vision. Holding edge information is 

main problem in the image interpolation. By using bilinear and bicubic B-spline interpolation 

methods, a novel image interpolation approach was proposed in this paper. Firstly, inverse distance 

weighted average method was used to reduce image’s noise. Secondly, edge detection operator was 

used to extract image's edges information. It can help us to select different interpolation methods in 

the image interpolation process. Finally, we selected bilinear interpolation approach at non-edge 

regions, and bicubic B-spline interpolation method was used near edges regions. Further more,  

control vertexes were computed from pixels with calculation formula which has been simplified in 

the B-spline interpolation process. Experiments showed the interpolated image by the proposed 

method had good vision results for it could hold image's edge information effectively. 

 

Introduction 

Image interpolation has been widely used in computer vision, such as still images zooming and 

signal resampling. The aim of Image interpolation is to predict unknown pixel through known 

image information. In the early years, nearest neighbor and bilinear interpolation methods were 

used in the processing of the image interpolation for their calculation is simple. But interpolation 

results can not reach people's requires for blocky artifacts. In the last few years, many image 

interpolation algorithms based on edges information were proposed because that edges are the most 

important manifest features of an image. So the treatment of image edges becomes the important 

goal in the process of an image interpolation[1]. Spline functions has good smoothness, and they 

have been widely used in data interpolation and fitting[2], [3]. They also were used in images 

interpolation because they can be used to solve blocky artifacts near image edges effectively. 

Yang[4] proposed an image interpolation algorithm based on Coons Surface. Durand[5] proposed a 

method based on B-spline function. An image's edges reflect it's high-frequency information, So 

there are also many interpolation methods based on image transform fields. Liu[6] proposed images 

interpolation algorithms based on wavelet transform respectively. Luo[7] proposed a new algorithm 

for image interpolation based on subdivision scheme for curve and surface design. B-Spline 

function is the important tool in an image interpolation for that their calculations are simple. But we 

should solve the blurry edges effectively in the process of images interpolation which based on 

B-spline function. 

Presented in this paper is a novel images interpolation approach which is based on image's edges. In 

the image interpolation process, bicubic B-spline function, bilinear function and an image's edge 

detection were used. 
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Image Interpolation 

Image Denoising. An image should be denoised before the interpolation for the reason that noise 

may be existed in the initial image. And noise can impact the interpolation results. Furthermore, the 

image edge detection operator will be impacted by the noise. The inverse distance weighted average 

method was used to reduce image’s noise. It’s a simple and effective denoising method. The inverse 

distance weighted average template is as follows. 

 

















121

202

121

12

1
                                   (1) 

 

Edge Detection. In order to solve interpolation problems near image's edge pixels, we extract the 

image's edge with Roberts operator at first. Because Roberts operator has traits of higher precision 

and distinct image edges in one order image edge extraction operators. And Roberts operator is the 

simplest edge extraction method.  

 

|)1,(),1(||)1,1(),(|),( +−++++−= jifjifjifjifjiE             (2) 

 

Where f  denotes an image, and E  denotes it's edges, ),( ji  expresses the position of image's 

pixel. 

Through Extracting image’s edges, we can get image’s detail information. And it can help us to 

select different interpolation methods in the image interpolation process. 

 

Bilinear Interpolation. After edge detection, we select different interpolation method based on the 

image's edges. Bilinear interpolation method is simple because of it's less computation, and it adapts 

to the interpolation of smooth regions in an image. So we select bilinear interpolation method at 

smooth regions of an image.  

 

000110001100010010 )()()(),( vvvvvxyvvyvvxyxI +−−++−+−=          (3) 

 

where I  denotes interpolated pixel, ),( yx denotes interpolated position, 00v , 01v , 10v  and 11v  

which showed in Fig. 1 are four vertexes of an interpolation unit. 

 
                                      Fig. 1 
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Bicubic B-spline Interpolation The interpolation at edges of an image is important. B-spline is an 

effect data interpolation and fitting tool. We use bicubic B-spline Interpolation method near an 

image's edges. But if we choose pixel as B-spline function's control vertex directly, interpolated 

image's edges would become blurred. So we should calculate real control vertexes. Control vertexes 

computation formula is as follows[3]. 

 

})({3
4

1

∑
=

−+ ++=
j

j

jijiii PPPb λ                         (4) 

 

where 268.023 −≈−=λ , P  denotes pixel and b denotes control vertex. 

But the work of calculations is complex when we use Eq. 4 to calculate control vertex. So we use 

simplified Eq. 5 in the proposed algorithm. 

 

ii PP α='                                  (5) 

 

where 0>α  is the weight coefficient that used to adjust pixel, and '

iP  is the adjusted control 

vertex. 

 

Results 

In the image interpolation process, the mean value was calculated of pixels in an interpolation unit. 

And if a pixel in the unit was greater than the mean, we selected 05.1=α  in Eq. 5. And Fig. 2 

shows results of image interpolation, where (a) is the initial image, (b) is the edge image, (c) is the 

interpolated image with the proposed method, (d) is the interpolated image with B-spline function, 

and (e) is the interpolated image with bilinear function. Looks from interpolated results, image 

interpolated by the proposed method is better than results with bilinear and bicubic B-spline 

functions. There are blocky artifacts near edges in image interpolated by bilinear function. And 

image interpolated by bicubic B-spline function is too blur. The proposed method can solve those 

phenomena in interpolated images of (d) and (e) effectively. 

   

(a) Initial Image           (b) Edge Image 
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(c) Proposed method       (d) Bicubic B-spline method   (e) bilinear method         

Fig. 2 Image Interpolation  

 

Conclusion 

An important problem of the image interpolation is how to hold edge information. In order to solve 

blocky artifacts and blurring phenomena in the image interpolation, A novel method was proposed.  

bilinear interpolation method was selected at smooth regions, and bicubic B-spline interpolation 

method was used near image edges region. Experiments results show that the proposed algorithm is 

effect and simple in the image interpolation. 
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Abstract. This research applied a numerical code, RFPA
2D

 (Realistic Failure Process Analysis) to 

evaluate the stability and investigate the failure mode of the high rock slope during excavations based 

on Strength Reduction Method (SRM). The corresponding shapes and positions of the potential slip 

surfaces are rationally simulated in different stages, and the related safety coefficients are obtained, 

which agrees well with the allowable minimum safety factors of the slope. The numerical results 

show that the safety coefficient drops from 1.25 at the natural state to 1.09 after excavation, and then 

increases to 1.35 after slope reinforcement. Moreover, the potential slip surface of the left bank 

moves into deep rock mass after taking support measures, which demonstrates the reinforcement is 

reasonable and efficient. The study shows that cracks and faults will cause crucial influences on the 

slope stability, and RFPA
2D

 is a good tool to directly display the potential slip surface of the slope, 

which will offer valuable guidance for bolt support. 

Introduction 

Rock slope stability is one of the most pop and difficult problems in geotechnical engineering. How 

to effectively control deformation of high rock slope and ensure the safety of these engineering 

projects is a task that people always probe. In recent years, a variety of numerical techniques such 

as the methods of finite element, finite difference, infinite element, boundary element (for 

continuous geotechnical media), discrete element, block element, fractural element (for 

discontinuous geotechnical media) and their combination are widely adopted in the realm of 

sophisticated stability analysis for geotechnical and rock engineering. The numerical calculation 

methods can be divided into two groups [1]: the first is the numerical simulation combined with the 

optimum search method; and the second is the strength reduction method. The latter often combines 

with finite element programs for investigating the critical slip planes. It supposes some slip planes 

first, and then finds out the plane with the smallest safety parameter by stress-strain calculation 

results. For example, Lin et al. [1] investigated a new direct slip plane searching method in his 

paper, which mainly focused on the mechanism of slope deformation failure. By means of 

functional data analysis and the strength reduction technique, Zheng et al. [2] developed a technique 

for searching the critical slip surface. Yang et al. [3] put forward a modified Hoek-Brown failure 

criterion into the simulation and studied the effects of nonlinearity and dilation and associated or 

non-associated flow rules. These achievements above have great contributions to the stability 

research for high rock slope. 

In this research, a numerical code RFPA
2D

 based on Strength Reduction Method was employed 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.568

WWW.BEHSAZPOLRAZAN.COM



to evaluate the stability of the left bank of Jinping first stage hydropower station. The failure modes 

of the high rock slope during excavations were investigated. Meanwhile, the safety factors in 

different stages were obtained from numerical simulation. The numerical results displayed the 

failure processes of the slope very well. 

Engineering geological context 

The Jinping first stage hydropower station is to be the largest double-curvature arch dam in the 

world, located more than 700 km southwest of Chengdu, Sichuan province, at the northeast edge of 

Xichang city. It is situated within the aslope transition zone from the Qinghai-Tibet Plateau to the 

Sichuan Basin. The slope of this project has lots of prominent characteristics such as large scale, 

higher stress levels, a strong rock unloading and deep cracks in the complex geological site. There 

are plenty of deep cracks and faults, such as f42, f5, f8 and lamprophyres (X), which result in huge 

latent instable blocks in these areas. So the stability of huge block becomes an important problem 

under the condition of excavation, which directly leads this study to take an investigation on the 

stability of the slope. The geomorphic photograph of dam site before excavation and after 

reinforcement can be obtained from [4]. 

The principle of strength reduction FEM and corresponding program 

The method of strength reduction FEM. For slopes, the safety factor F is traditionally defined as 

the ratio of the actual shear strength to the minimum shear strength required to prevent failure. As 

Duncan [5] points out, F is the factor by which the shear strength must be divided to bring the slope 

to the verge of failure. An obvious way of computing F with a finite element or a finite difference 

program is simply to reduce the shear strength until collapse occurs. The definition of safety factor 

based on the concept of strength reserve is that the slope will become critical equilibrium state when 

the shearing strength parameters c and φ will be replaced by the critical strength parameters c’ and 

φ’, and the corresponding formula is shown below: 





=
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(1)

 

We take the factor corresponding to the limit equilibrium state as the factor of safety of the 

slope theoretically. The safety coefficient of slope in the initial state can be obtained through the 

computing formula as following: 

1

1s step
f

µ
=

− ×
                                                                        (2) 

Where µ represents the reduction coefficient, and step is the current calculation step when the slope 

is critical equilibrium state. 

The principle of RFPA code. Rock or rockmass is an obvious heterogeneity material and how to 

characterize the feature is of significance for the engineering. To consider the heterogeneity of rock 

or rockmass at the mesoscale level, in RFPA
2D

 code [6], the solid of structure is assumed to be 

composed of many mesoscopic elements with the same size, and the mechanical properties of these 

elements are assumed to conform to a given distribution law, such as uniform distribution, normal 

distribution or Weibull distribution. Hereby, Weibull distribution is employed to define the material 

properties, and it can be described as following: 
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where u is the mechanical parameter of the element, such as strength, elastic modulus, etc; the scale 

parameter u0 is related to the average of the element parameters and the parameter m defines the 

shape of the distribution function. In RFPA
2D

 code, m is defined as the homogeneity index of the 

material. A larger value of m implies a more heterogeneous material and vice versa. The 

computationally produced heterogeneous medium is analogous to a real specimen tested in the 

laboratory, so in this investigation it is referred to as a numerical specimen. 

Stability analysis of rock slope under different stages 

Numerical models of rock slope. A typical cross-section V-V’ of the slope can be got from [7]. 

Numerical models are set up in plane strain mode by RFPA-SRM for a heterogeneous rock slope, 

with 1100 m height, and 2000 m length, as shown in Fig.1. Each numerical model is discretized to 

137,500 (275×500) elements. The numerical models are fixed in both horizontal and vertical 

directions on bottom boundary, in horizontal direction on both sides, and the upper boundary is free. 

A Mohr-Coulomb criterion is applied in these models and the factor of strength reduction is 0.01 for 

each step. For simplicity, only main joints, fractures and rockmass have been considered in this 

study, and the parameters of the model can be obtained from [7]. 

 

Simulation results and analysis. Applied with RFPA-SRM, both safety coefficients and the 

corresponding potential slip surface during different stages have been obtained. In addition, slope 

instability phenomena were thus displayed directly through the failure processes of the slope. 

Fig.2 shows the failure modes of the left slope in Jinping first stage hydropower station. From 

Fig. 2(a) it can be found that the safety factor of the natural slope is 1.25, which is calculated from 

formula (2). The acoustics emission figures show that many circles distribute along lamprophyre X 

and faults f2, f5, f8 and f42, in which the red circles indicate tensile fractures and the white ones 

compressive fractures. The potential slip surface also continually distribute along such faults and 

fractures, which indicates that the yielding and deformation of the slope mainly concentrated in the 

controlled structure direction such as faults and fractures. 

Fig. 2(b) illustrates the failure model of the left bank after excavation without reinforcement. The 

AE figure shows that the left bank will be broken along lamprophyre X after excavation, and a 

Model after excavation Model before excavation 

Fig. 1 FEM models geometry (The brightness of rock mass in the figures expresses the 

mechanical parameters such as elastic modulus and compression strength of rock mass, the 

brighter the color, the bigger the strength parameter). 

Joint 1 

Joint 2 

fault f42 

fault X 

fault f2 

fault SL 

fault f5 

fault f8 

fault f42 

Joint 1 

Joint 2 

fault f5 
fault SL 

fault f2 

fault X 
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plenty of red and white circle also occur along faults f2, f5 and X which means compressive and 

tensile wreck exist in such faults and fractures. The safety factor drops to 1.09 from 1.25 in the 

natural slope, which indicates it will be very hazardous if there is no anchoring measure after 

excavation of the left bank. 

Fig.2(c) shows the failure mode of the left slope after reinforcement. To compare with Fig. 2(b), 

it can be seen that the potential slip surface and safety coefficient and acoustic emission have 

significant changes. Before bolt support, the potential slip surface mainly occurs along faults f5 and 

f8, and some zones of fracture distribute along with faults f2 and f42. Then, after reinforcement from 

altitude 1700m to 1930m with anchorage cables, the potential slip surface of the left bank transfers 

to deep rockmass, and the safety factor increases to 1.35, which demonstrates the current completed 

support measures of the slope could improve local and overall stability of the slope effectively, and 

the safety factor of the slope after reinforcement has already met engineering design requirements. 

Terms 
The failure mode of the 

natural slope 

The failure mode of the slope 

after excavation 

The failure mode of the slope 

after reinforcement 

The 

maximum 

shear 

stress 

   

AE 

   

F 1.25 1.09 1.35 

 (a) (b) (c) 

Fig. 2 Simulation results of slope under various conditions (The red circles in the AE figures express tensile 

fractures, while the white circles express compressive fractures.) 

Discussion. The failure mechanisms of slope have been demonstrated in the previous section. 

The results show that the safety parameter of the slope drops from 1.25 at the initial state to 1.09 

after excavations, and the potential slip surface indicates that the instability of slope will be affected 

not only by excavations, but also faults and fractures. Namely the slope failure will occur easily 

when there are many faults and fractures in the deep rock mass. Safety factor increases to 1.35 after 

reinforcement measures through bolt anchorage, and the measure have changed the failure mode of 

the slope distinctly, it can be obviously seen that the potential slip surface transfers to the deep 

rookmass, which verifies anchor reinforcement in Jinping first project is a reasonable and reliable 

approach to prevent slope instability. In addition, the simulation results in this paper are agreement 

with other references’ conclusions. It thus can be concluded that faults and fractures are one of the 

most significant factors on the slope stability. 
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Referring to Hydraulic and Hydropower Engineering Slope Design Specifications 

(DL/T5353-2006, China National Standard), the allowable minimum safety factor of the slope of 

Jinping I hydropower station is shown in Table 1, from which it can be seen that the safety factors 

obtained by numerical simulation above can satisfy the allowable minimum safety factor very well. 

Table 1 The allowable minimum safety factor of the slope in Jinping I hydropower station [7] 

Slope types 
Slope 

level 

Regular 

running 

Work 

progress 

Special condition I 

(consideration on rainfall) 

Special condition II 

(consideration on 

earthquake) 

spandrel 

groove high 

slope 

1 1.3 1.15 1.20 1.10 

slope at cable 

crane 

platform 

1 1.25 1.15 1.15 1.05 

Conclusions 

(1) Incorporating with strength reduction method, RFPA
2D

 code can be adopted to estimate the 

stability and investigate the failure mechanism of the rock slope during different stages. 

(2) The numerical results display the potential slip surfaces of the slope during different conditions. 

The safety factors of the slope at the natural state, as well as after excavation and reinforcement, 

have been rationally obtained. The safety coefficient drops from 1.25 at the natural state to 1.09 

after excavation, and then it increases to 1.35 after the slope reinforcement. It is indicated that the 

support measures can improve local and overall stability of the slope reasonably and effectively. 

(3) Cracks and fractures play an important role on the occurrence of the potential slip surfaces. It is 

advisable to conduct the latter site tracing monitoring and feedback analysis in connection with such 

potential instable blocks in the left bank. 
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Abstract：To resolve the color-register problem on web-press machine, a kind of networking 

register system was presented. Firstly, a special diamond mark was designed, which is easier to be 

embedded. Secondly, the high-speed cameras with external trigger signal were adopted to capture 

mark images under the control of synchronous encoder unit, at the same time the real-time deviation 

of color was obtained by analyzing the mark image. Lastly, the data of color deviation were 

transmitted to the press system over Ethernet. Thus, a close-loop and real-time system was built. 

Especially, an Ethernet solution for the press machine with many towers was proposed. According 

to the actual customer’s reports, waste of newspaper decreases greatly, in addition, print quality and 

print efficiency are both promoted. 

Introduction 

Issue speed and print quality are very important for the advertisement customer that is the key profit 

source for web-press newspaper. In general, color press uses four kinds of basic colors such as black, 

red, blue and yellow colors, and other color can be registered from the above colors. Actually web 

press has a high-speed rotation with a maximum of 180 thousands pieces per hour, color-register 

error would not only result in a huge waste of newspaper and print ink, print efficiency and quality 

but also decrease. In addition, this problem is more serious in the press with many towers. For these 

reasons, it is imperative to adopt automatic color-register system (CRS). 

It is statistic that there are not color-register systems used on the most of web-press machines in 

China, and color register depends on a worker’s manual control according to his experience. With 

the development of print technology, the studies on web press are more popular. Especially, a kind of 

auto-color register system for gravure machine in Ref. [1], Ref. [2] presents a key register technology 

with no marks, and cross mark is analyzed using image processing in Ref. [3] and [4].  

In this paper a kind of intelligent register system for web press is presented. Firstly, a special 

diamond mark was designed, which is easier to be embedded in newspaper. Secondly, the high-

speed cameras with external trigger signal were adopted to capture mark images under the control of 

synchronous encoder unit, then a kind of pre-process method is adopted for the special yellow mark 

that is not easy to be identified. Lastly, a set of total image-process scheme is presented to compute 

the color deviation. Especially, an Ethernet solution for the press machine with many towers was 

proposed. A set of networking register system based on the above scheme is put into practice in a 

newspaper office of China. 

Schematic Structure 

Automatic CRS is composed of supervising unit, camera unit and encoder unit. Supervising unit 

(Register center) is used to manage and supervising the whole register system, after the configuration, 

the register system would work automatically without any interferences, and real-time color 

deviation, mark image, rotation speed would be displayed on the touch screen. The high-speed dual-

camera with external trigger signal is adopted to capture mark images on two-side newspaper under 

the control of synchronous encoder unit, at the same time the current color deviation is obtained by 

analyzing the mark images. Lastly, the data of color deviation were transmitted to the press system 

over Ethernet. Thus, a real-time and close-loop system was built. Encoder unit is used to obtain 
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rotation speed and synchronous signal, which is installed on the main axis of press machine or folder 

machine. The connection between CRS and press machine is shown in figure 1. 

Press web

Press

center

Camera A

CRS

(Color register

center)

Encoder

Camera B

Camera unit

 

Figure 1.  Connection of register system 

Deviation Computation 

A. Register mark 

CRS depends on the register marks totally, thus a group of marks are designed for each color in 

four-color press machine. There are two black marks that act as the measure base, and others have 

only one. The actual register mark is shown in figure 2, the diamond with the side length between 0.3 

and 1 millimeter is designed, which is easier to be embedded and identified in the newspaper. In 

general, the register mark is embedded on the middle top or bottom of the newspaper. 

 
Figure 2.  Register mark 

B. Image preprocess 

There may be the below problem in mark image, only the yellow mark is not very clear, which is 

shown in figure 3(a), it is the reason that yellow color is often printed gently or non-white paper is 

adopted. The following is the individual channel method for RGB-format image. 

 
 (a) Original image 

  
(b) Blue channel reserved 

 
    (c) Green channel reserved 

Figure 3.  Mark image of individual channel 
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The original color image is shown in figure 3(a), the yellow mark under light-red background is 

not easy to detect. For single-CCD camera, the Bayer-format image is captured, which would be 

converted into RGB-format image composed by red, green and blue channel. To display the yellow 

mark clearly, only the blue channel is reserved shown in figure 3(b), in which the blue mark almost 

disappears. At the same reason, only the green channel is reserved shown in figure 3(c), in which the 

yellow mark would not be detected. 

C. Diamond identification 

After the above preprocess, the RGB-format image is transformed into gray-scale one, which is 

used to identify five pieces of marks. Finally the center of gravity for each diamond mark is to be 

obtained, the flowchart of mark detection is shown in figure 4, in which it refers to the phases such 

as image preprocess, iterative threshold computation, canny detection, contour tracing, polygon 

imitation and gravity computation as in Ref. [5] and [6]. 

Image

preprocess

Threshold

(Iteration)

Edge detection

(Canny operator)

Edge dilation

Contour tracing

Polygon imitation

(Douglas-Peucker method)

Diamond identification

Center of gravity computation

Center coordinates

(five marks)
 

Figure 4.  Process of mark identification 

D. Error calibration 

It is supposed that left-top corner of image is the coordinate center, ),( ii YX denotes the coordinate of 

each diamond mark (i = 0~4). Here ),( 00 YX and ),( RR YX  are the coordinates of the left and right 

black mark respectively, it is to obtain the deviation relative to the left black mark ),( 00 YX . 

  




−=

−=

0

0

YYSY

XXSX

ii

ii
                                                                                                               (1) 

The following transformation of coordinate is adopted: 
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Hence the factual deviation of each mark is as follows: 
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Here the two black marks are used as measure base, the distance between the twos equals to 12 

millimeters, then the horizontal and vertical deviation of other 3 kinds of marks is obtained relative 

to the left black mark. The horizontal deviation means that other colors is deflected along the 

direction of press axis relative to the left black mark, and the vertical deviation is the one along the 

forward direction of newspaper. It is noted that the base refers to the one for measurement and 

control, the measure base must be black mark, and the control base can be variant. For example, 

when the red color is a current base, CRS would drive the black motors automatically if the black 

deviation exists. 

After the error calibration is completed, the automatic correction control is very simple. The 

correction data is transferred to the executive unit of press machine automatically over Ethernet, 

hence a real-time and close-loop system is built. 

Networking Structure 

Tower 1

Dual-

camera

Tower 2

Dual-

camera

Tower N

Dual-

camera

I/O

controller

I/O

controller

I/O

controller

RGS
Touch

screen

Encoder signal

Ethernet

switch
 

Figure 5.  Networking structure for many towers 

It is compulsory that CRS is used on the press machine with many towers for reason of huge waste. 

Here a kind of scheme on networking register is presented, which is shown in figure 5. In this figure, 

there are two cameras in each tower for two-side newspaper. In addition, each tower is connected 

with an IO controller that is used to control the capturing action of cameras, at the other hand, the 

controller is wired with the encoder for speed and synchronous signal. All cameras, IO controllers 

and supervising unit are united together over Ethernet, hence theoretically over 80 towers are 

supported in a IP segment if one tower uses 3 IP addresses. When CRS is put into practice, much 

touch screens are adopted for reliability and convenience, work of any cameras and any controllers 

could be observed on any touch screens. 

Waste Evaluation 

The above scheme-based CRS is put into use in a newspaper office of China. The following is waste 

statistics from the actual customer. In the newspaper office, a set of folder machine is connected the 

press machine with 3 towers, each tower can work independently or together, and a maximum of 48-

plate newspaper would be printed in one time. With no consideration of waste of machine failure, the 
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waste of newspaper is 500~1000 pieces after using a set of new printing plates. If new plates are 

used for three times at one night, the waste would reach to 2000~2500 pieces one night, after one 

month the number is from 60 to 75 thousands pieces. 

After CRS is adopted, it is unavoidable because CRS could work well after capturing clear 

images. It is statistical that one-time waste after new plate is 50~150 pieces, the number is not over 

10 thousands pieces in one month, the actual waste is only 1/8~1/6 of the before. In fact, print quality 

and print efficiency are both promoted except for the save of papers and inks. 

Conclusions 

In this paper, a kind of special register mark is designed, which is easier to be embedded in 

newspaper, and to be identified. A kind of pre-process method is adopted for the special yellow mark 

that is not easy to be identified. In addition, a set of total image-process scheme is presented to obtain 

the color deviation, and the deviation data is transferred to the press machine automatically. Hence a 

real-time and close-loop system is built. 

Especially, a kind of solution on Ethernet for the press machine with many towers was proposed. 

A set of networking register system based on the above solution is put into practice in a newspaper 

office of China. It is statistical that the actual waste is only 1/8~1/6 of the before. Finally, the method 

is suitable for the two-color and four-color web machine, and CRS would work well on the machine 

with normal or double roll, which supports the speed of a maximum of 200 thousands pieces per 

hour. 
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Abstract. For the mistaken report and false alarm occurring frequently in intrusion detection system 

(IDS), the evidence based on forensics system of IDS is inefficient and low credibility. Frequent 

sequence mining based on Jpcap is proposed for network forensics analysis. After fetching and 

filtering network data package, the system mines data with frequent sequence according to the 

evidence relevance to build and update signature database of offense, and judges whether the current 

user’s behavior is legal in the network forensics analysis stage or not. Simulation results show that the 

algorithm of frequent sequence mining can identify the new crime behavior and improve the 

credibility and efficiency of evidence in network forensics analysis. 

1.Introduction 

Computer forensics usually uses the intrusion detection system (IDS) to recognize illegal behavior 
and monitor network. In order to guarantee the confidentiality and usability of system resources, IDS 
monitors network or/and system activities to detect malicious activities or policy violations and 
produces to the management stations [1]. Because of the technology problem, the mistaken report and 
false alarm occur frequently in IDS, which causes the credibility of network evidence based on IDS 
forensics lower. Joo D and Hong T designed the anomaly intrusion detection method based on neural 
network [2]. M.I. Cohen designed PyFlag for network forensics to trace the network traffic generated 
by a system [3]. The magnanimous network data need to analyze in network forensics. For each kind 
of intrusion, there is often association in crime time, crime tool and crime technology. Using data 
mining technology, the system can discover the time relations of events and the related data of 
specific crime. Each kind of information is connected before the final judgment.  

Many scholars have made research on the improvement and the application of frequent sequence 
algorithm. M.Y. Su proposed a real-time NIDS with incremental mining for fuzzy association rules 
[4]. J. Pei proposed mining sequential patterns by patter-growth [5]. C. Lei explored how to 
efficiently maintain closed sequential patterns in a dynamic sequence database environment [6].  F. 
Wu and S.W. Chang proposed item-transformation methods to mine frequent patterns [7].  Syed 
Khairuzzaman Tanbeer presented a compact pattern tree that captured database information with one 
scan and provided the same mining performance as the FP growth method [8]. En Tzu Wang and 
Guan-ling Lee proposed sanitization algorithm to modify databases for hiding sensitive patterns [9]. 
The frequent sequence mining algorithm applying in the network forensics analysis can improve the 
credibility and efficiency of evidence. 

2. Development  platform 

The prime tasks of network forensics are fetching data and data analysis. There are many tools to 
fetch network data, such as BPF technology. The system is developed on the Linux+Libpcap+MySql 
platform. Jpcap is java classes for gathering and filtrating network data. The basic structure of Jpcap 
is shown as figure 1[10]. Jpcap provides java API to access the bottom layer network data on 
windows or UNIX system. Jpcap relies on the WinPcap or libpcap. The development environment of 
Jpcap must be installed if Jpcap classes are used in java. 
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A. The basic structure of Jpcap 

 

Figure 1.  The basic structure of Jpcap 

B. Basic class and subclass of Jpcap 

Class Packet is the basic class for the captured data packages, which provides the basic 
information of data package, such as length, time and so on. The captured data packages are divided 
into two kinds, which correspond to two subclasses of Packet: ARPPacket and IPPacket. ARPPacket 
takes out its various segment data according to the ARP data content, IPPacket divides the data in 
more detail. These classes closely correlate with the data link layer, and they express correlation 
information with the MAC address by the class EthemetPacket. EthemetPacket is subclass of 
DatalinkPacket. IPPacket has three subclasses: ICMPPacket, TCPPacket and UDPPacket. 

3. Fetching data and pretreatment based on Jpcap  

Jpcap provides functions of fetching and processing data conveniently. With setting the monitor 
network card as “the promiscuous pattern”, the system receives the data package directly from data 
link layer, and monitors each kind of network data packet continuously， finally saves all network 
data stream into the MySql database in accordance with time. 

A. Fetching data  

Jpcap uses an event model to process the package, the concrete process is as follows: 

(1) An execution association class jpcap.JpcapHandler is defined as follows: 

public class Jpcaphandler implements JpcapHandler { 

      public void handlePacket(Packet packet) 

{System.out.println(packet);}            }  

(2) The monitor network equipment is established by the method getDeviceList( ) that returns strings;  

(3) One equipment is selected from name list of monitor devices as following: String deviceName = devices[0]; 

(4) The monitor is turned on by the method Jpcap.openDevice(). 

(5) Monitor is started by processPacket() or loopPacket().  

(6) Data packages are send. Jpcap provides class JpcapSender to transmit the data package, which is 
used to transmit IPPacket and its subclass. Data packages can be send by the method sendPacket() after 
defined. 

The captured data packages are analyzed by class Packet and its subclass to obtain the detailed 
information. 

B. Pretreatment  

(1) The function setFilter(java.lang.String condition, boolean optimize) of Jpcap filtrates data 
package, its parameter “condition” means filtration condition 
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(2)The useful information is fetched, for example, the MAC address is got from data package as following: 

EthernetPacket ethernetPacket=(EthernetPacket)packet.datalink;  

System.out.print("source MAC address" +ethernetPacket.getSourceAddress()+"destination MAC 
address" + ethernetPacket.getDestinationAddress() +"\n");  

(3) The type of Data packages is judged 

The captured data package is classified and judged whether it is TCP packet, UDP packet, ICMP 
packet, IP packet or the ARP packet and so on. The detail information is got directly from subclass 
IPPacket and ARPPacket of Packet.  

The example distinction is carried on and the package type is judged by the base class Packet as following: 

if (packet  instance of  ***Packet) 

{ ***Packet p=(***Packet)packet； } 

(4) According to the index deposit, the various fields of captured data packages are saved into 
hash-table for the next analysis step. The filed of hash-table as table 1：  

TABLE I.  FILED  OF  HASH-TABLE 

C. State analysis of TCP package  

After the determination of data package type, the state analysis method to each kind of data 
package is similar. The state analysis of TCP data package is taken as the example, the function server 
state (TCPPacket tcp) is called which returns state string as following: 

(1) state=””；               (2) if(tcp.ack=false) goto（ ） ；4  (3) state=state+’A’；  

(4) if (tcp.fin=false)  goto (6)；  (5) state=state+‘F’；          (6) if(tcp.psh=false) goto (8)；  

(7) state=state+‘P’；           (8) if (tcp.rst=false) goto (10)； (9) state=state+‘R’；  

(10) if(tcp.syn=false) goto（ ） ；12 (11) state=state+‘S’；   (12)if(tcp.urg=false) goto（ ） ；14  

(13) state=state+‘U’；            (14) return state,  the end. 

To each data package or the suspicious data package, its characteristic analysis is carried on. If the 
data package is quite suspicious, it may be mined characteristic. 

4. Mining frequent sequence  

For each kind of computer crime, there is often association in crime time, crime tool and crime 

technology. Association rule analysis technology discovers the useful dependence or the related 

knowledge from the massive data. An exception model is build utilizing the association, and the 

model is added into the crime signature database which is renewed according to the real-time network 

data. The exception model is utilized in the data analysis of the crime detection to enhance the 

accuracy and validity of data analysis.  

Using the association rule, the system mines criminality characteristics among different crime 

forms, and different evidence relations among identical events. The invasion characteristics is set, the 

corresponding event pattern is built and stored into the knowledge database. For example, ARP 

deceit, SYN FLOOD, ICMP invasion characteristics may be established as table 2 according to table 

1.  

TABLE II.  PARTIAL INTRUSION CHARACTERISTIC 

Intrusion type Signature string 

ARP deceit 3=arp,4 or 3=arp,5 

SYN FLOOD 3,10=A,5 

ICMP attack 3=icmp,2>255 

pid timestamp length protocol srcMAC srcIP dstMAC dstIP srcPORT dstPORT state data descrip 
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At the stage of data analysis, current user behavior is judged legal or not through match results of 
user behavior and association rules 
which are stored in databases. From 
judging that the behavior has the 
crime signature or is related to some 
crime, crime evidence which may be 
crime is withdrawn. The application 
of mining frequent sequence in the 
data analysis is shown in Figure 2. 

Figure 2.  Application flow of frequent sequence mining 

A. Apriori  algorithm  

The Apriori algorithm is one kind of most influential mining Boolean association rule algorithm, 

and the rule is expressed by frequent item collection. The association rule has two important 

attributes: Support level P(A∪B), namely the probability of the two items of collections A and B 

which simultaneously appear in business collection D. Confidence level P(B|A), namely probability 

that collection A appears in items of in business collection D, items of collection B also 

simultaneously display. The rules which simultaneously satisfy the smallest support threshold value 

and the smallest confidence level threshold value are called the strong rule. Giving business 

collection D, the association rule mining creates the rules whose support and confidence level is 

bigger separately than the smallest support and confidence level which the user assigns. The Apriori 

core algorithm has used the recursion method in order to produce all frequency collections [11].  

B. FFFFrequent sequence mining algorithm  

The first step of the algorithm is to discover all frequency collection. These appearing frequency of 
items collections are not smaller than the minimum pre-definition support level. The second step is to 
generate the strong association rule by the frequency collection. The algorithm mainly contains the 
four functions: function creatC1() obtains the first candidate collection, function getL() obtains the 
frequent collection, function getC() obtains the candidate collection, function count() calculates the 
record number of the candidate collection. The function getL() obtains frequent collection as follows：   

(1) begin     (2) if (i>=list.size) then goto (8);  （ 3） q=list.get(i+k-1);temp=q.count/ length; 

(4) if (temp>=0.3) then goto (6);  (5) i=i+k, goto (2);  (6) if (n>=k) then goto (2); 

(7) list.remove(i), goto (6);      (8) end. 

The algorithm final outcomes the frequent record compendium, which corresponds to an instance of class 

Node. The class diagram of Node is shown in Figure 3. The class attribute significance is shown as follows: 

(1) Count means the quantity of the record appearance. (2)Column is a Vector set, which indicates the set of 
dimension and stores the record field. (3)Data is a Vector set which stored corresponding value set of field. 
The frequent record set produces the strong association rules, which are stored in the signature database. 

C. The case 

In the SynFlood attack forensics, an example of frequent sequence mining application is given. 

Criminal sends massive SYN connection requests to the destination host in short time, but each 
connection is only half connection in direction. That will cause the connection request buffer of the 
destination host occupied completely, thus make the destination host unable to handle new 
connection requests, and the criminal achieves the purpose that the host will refuse to serve. This kind 
of situation will display in connecting records, in short period of time, some ports on a host can 
receive a number of “50” connecting state, which means half connection. The server is taken as the 
axis attribute and the destination host is taken as the quotation attribute to discover the frequent 
sequence service pattern of the same destination host in two seconds window time. Using frequent 

sequence mining method obtains patterns of implicit crimes, which indicates that the HTTP service 

of the host has encountered the SynFlood attack. There are not “50” patterns in normal data because 
half connection cannot frequently occurred in a short time. 
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5. Experimental result and analysis 

A. Test environment 

The experiments are made on a simplified network using the internal laboratory in campus net and the 
accommodations area network. 

B. Test result 

Using the Aladdin flood attack to simulate the Flood attack, the ARP deceit and the ping attack, the 
examination rate of system can reaches 100%, and the crime process is recorded completely. In 
addition, the system can also examine and record the suspicious crime. An interface of forensics data 
analysis is shown in Figure 4. 

 

 

 

 

 

 

 

 

 

        Figure 3 Class diagram of Node.      Figure 4.  An interface of forensics data analysis 

6. Conclusion 

The application of frequent sequence mining algorithm in network forensics analysis was studied. 

The analogous system has realized functions: crime detection, crime characteristic mining and 

evidence inquiry. After fetching the network data package, the data is pretreated and mined the 

frequent sequence excavation to obtain the crime characteristic patterns. The patterns applying in 

network forensics data analysis enhance reliability of the evidence.  
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Abstract. A harmonic balance approach has been developed to compute nonlinear viscous unsteady 

flows around oscillating blades. The computed results using two orders harmonic balance method are 

compared with those by conventional dual-time stepping method. Results obtained with the present 

method agree well with those from dual-time stepping method, which demonstrate the ability of the 

present analysis method to model accurately the unsteady flow. Furthermore，the present method is 

highly efficient. It is about 36 times fast than conventional dual-time stepping method in the present 

computation. Then the effects of oscillation amplitude and reduced frequency on unsteadiness of 

flows are studied. The analysis exploits the fact that, (1) the hysteresis effect of unsteady flow is 

hardly affected by oscillation amplitude, but the first harmonic unsteady pressure across the blade is 

proportional to oscillation amplitude; (2) the higher the reduced frequency, the wider the range of 

unsteady aerodynamic forces, the more intense the hysteresis effect.  

Introduction 

The flutter and forced response of blade are two limiting factor in the development of turbomachines, 

and a great deal of blade failures are caused by vibration. Modern turbomachines are designed with 

higher power, higher aerodynamic loading, higher performance and lighter weight. To meet these 

requirements, turbomachinery are changed from traditional low-aspect-ratio, midspan dampered 

blades toward high-aspect-ratio, swept, damperless configurations, leading to vibration problems 

more serious. In order to deeply study and reveal flutter mechanism in turbomachinery, it is necessary 

to model unsteady flow around cascades and predict periodic unsteady aerodynamic force loading on 

blade accurately and efficiently. 

At present, numerical modeling unsteady flow around oscillating cascade and analyzing 

aerodynamic force loading on blade by CFD technique, analyzing the interaction between vibrating 

blade and flow, has been an important mean and method to study flutter and forced vibration. 

Time-marching method is a traditional approach in numerical modeling unsteady flow. However, it 

needs excessively large computational time. Afterward, Jameson developed the dual-time stepping 

method to enhance the computational efficiency
[1]

. It is 7~9 times faster than traditional approach, and 

it has been widely used in computation of unsteady flow 
[2]

.  

Although dual-time stepping method is more efficient, it is also a huge of computational cost for 

modeling the complicated unsteady flow. So a great many researched have done by several 

investigators, and they developed efficient frequency-domain or time-linearized technique to model 

unsteady flows
[3-7]

, and widely used for modeling unsteady flow in turbomachinery. But, the 

disadvantage of time-linearized method can not be ignored. It can not model dynamic nonlinearities. 

Therefore, Kenneth C. Hall
[8]

 developed a harmonic balance technique to compute unsteady nonlinear 

flows. And the conclusion points out that this method at least one to two orders of magnitude faster 

than conventional nonlinear time-domain CFD simulations. Hereafter, Kenneth C. Hall
[9-12]

 applied 

this technique to analyze other unsteady flows, and accomplished a series of outstanding progresses 

and achievements. 
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In this paper, the harmonic balance approach for computing unsteady flow around oscillating 

cascades is presented. The computational results from the present harmonic balance Navier-Stokes 

method are compared to a time-domain method Navier-Stokes analysis. And then, the effects of 

oscillation amplitude and reduced frequency on unsteady flows and aerodynamic forces are studied.  

Methodology 

Governing Equations. An integral form of the two-dimensional unsteady Navier-Stokes equations 

over a moving finite area ∆A is 

 ( ) ( ) 0v mg
A S
UdA E E Uu i F F Uv j d S

v mgt ∆ ∆

∂  + − − + − − ⋅ =∂ ∫ ∫
� � ��

                                                                (1) 

where [ ], , ,
T

U u v eρ ρ ρ= , E , and F  are inviscid flux vectors, and vE  and vF  are viscous flux vectors. 

umg and vmg are the x and y components of grid moving velocity, and the extra inviscid flux term Uumg 

and Uvmg account for the contribution to the fluxes due to moving grids. 

The Harmonic Balance Technique. Because the flow is temporally periodic, the flow variables 

can be written as a Fourier series at a given frequency ω. 

( ) ( ) ( ) ( ) ( ) ( )0

1

, , , , cos , sin
N

n n

n

U x y t A x y A x y n t B x y n tω ω
=

≈ + +  ∑                                              (2) 

where, A0, An and Bn are the Fourier coefficients of the variable U. 

Selecting 2N+1 points over one temporal period, Eq. 2 can be written in matix form as 
* 1U E U−= �                                                                                                                                       (3) 

where *U  is the vector of conservation variables at 2N+1 points in time over one temporal period, 
1E−  is matrix that is the inverse discrete Fourier transform operator, and U�  is  the vector of Fourier 

coefficients of the flow variables.  

Conversely, one can obtain the Fourier cofficients of the conservation variables by Fourier 

transform. 
*U EU=�                                                                                                                                          (4) 

where E  is the discrete Fourier transform operator written in matrix form. 

Then, we write the Navier-Stokes equations at all sub-time levels simultaneously, so that 
*

* * 0
A S

U
dA E i F j d S

t∆ ∆

∂  + + ⋅ = ∂∫ ∫
� � ��

                                                                                                      (5) 

where *E  and *F  are the vectors of x- and y-fluxes evaluated at *U . Note that the vectors *E  and 
*F  here include inviscid and viscous terms. 

Eq. 7 includes 2N+1 sets of conservation equations, and the equations are coupled only through the 

time derivative term, which can be expressed in matrix form 
*

1 * *U E E
U E U DU

t t t

−∂ ∂ ∂
= = =

∂ ∂ ∂
�                                                                                                           (6) 

where D is a spectral operator. 

Finally, subtitution of Eq. 6 into Eq. 5 gives the desired semidiscrere harmonic balance equations 

( )* * * 0x yDU A E S F S∆ + ∆ + ∆ =∑                                                                                                   (7) 

where the summation is over the boundary lines of a mesh cell, with the normal projected areas in the 

two directions being xS∆  and  yS∆ , respectively. 

Numerical Solution Technique. Eq. 7 includes 2N+1 sets of conservation equations relativing to 

2N+1 points in time over one temporal period, and has 4×(2N+1) equations. To solve the harmonic 

balance equations, a “peseudo-time“ term is introduce so that the equations can be solve using a 

conventional time-marching technique. Thus, Eq. 7 becomes 

( )
*

* * * 0
x y

U
DU E S F S A

τ
∂

+ + ∆ + ∆ ∆ =
∂ ∑                                                                                     (8) 
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where τ is pseudo time, used only to march Eq.8 to steady state, driving the pseudo-time term to zero. 

Thereby the flow variables on the 2N+1 points in time is obtained. And then, the Fourier coefficients 

are solved by applying Fourier transform. Thus, we can obtain flow variables over one temporal 

period by inverse Fourier transform. 

In this work, the time-marching solutions are performed by a four-stage Runge-Kutta integration in 

the pseudo time. The marching process is accelerated by the local-stepping and implicit residual 

smoothing techniques. 

Validation of Harmonic Balance Technique 

A cascade form by the NACA0012 airfoils has been chosen for testing the harmonic balance approach 

to solve unsteady flow. The computational results by using harmonic balance method compare to 

those from dual-time stepping approach. The geometric parameters of the NACA0012 cascade are: 

pitch/chord ratio P/C=1; stagger angle γ=0°. The inlet flow Mach number is 0.593, average incidence 

angle is 0° and Re=3.21×1 0
6
. Each airfoil is subject to torsion mode around its leading edge and the 

torsion amplitude α=2°. The reduced frequency (K=ωc/u∞) is 0.2. Two inter-blade phase angle 

σ=0°is chosen. 

The unsteady flow around oscillating cascade is modeled respectively by two orders harmonic 

balance approach and dual-time steeping method and the results are given in Fig.1. Here, the unsteady 

pressure coefficient is presented in the form of 1 2/[0.5 ]mCp p u Aρ∞ ∞= , where 1p  is the first harmonic 

pressure across the airfoil; ρ∞ and u∞ are density and velocity in inlet and Am is the torsion amplitude. 
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Fig. 1 Comparison of calculated real and imaginary parts of unsteady pressure coefficient on airfoil surface 

It can be seen from the figures that the results obtained with the present method and the previous 

dual-time steeping method are in virtually exact agreement, indicating that the flow around oscillating 

cascade can correctly predict by present method. More importantly, the computational cost of present 

method is only one thirty-sixteenth of that by dual-time stepping method. It is obvious that, the 

harmonic balance technique have the same precision as the dual-time stepping method in solving the 

periodic unsteady flow, and it requiring much less CPU time, is a efficient computational method. 

Numerical Results and Discussions 

In order to deeply study the flow characteristics, the unsteady flow around oscillating cascade with 

various torsion amplitudes and reduced frequencies are numerical solved and analyzed.  

The Effect of Oscillation Amplitude. Fig. 2 ~ Fig. 4 shows the computational results of unsteady 

flow when torsion amplitudes are 2°, 4°, 6° and 8°, respectively. The unsteady pressure jump 

coefficient is defined as: 
1 2/[0.5 ]mCp p u Aρ∞ ∞∆ = ∆                                                                                                               (9) 

where 1p∆  is the first harmonic pressure jump across the airfoil. 
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Fig.2 Real and imaginary part of ∆Cp on airfoil surface at α=2°, 4°, 6° and 8°8�  

  

 

Fig. 2 shows the real and imaginary parts of the unsteady pressure jump coefficient. It can be seen 

that ∆Cp almost coincide at various torsion amplitudes, only different near the leading edge and 

trailing edge. So the vibration amplitude has little effect on the unsteady pressure jump coefficient. 

But we can learn from Eq. 9 that ∆Cp is in inversely proportion to torsion amplitude. Thus, the first 

harmonic pressure jump is almost proportional to the vibration amplitude, only at the leading and 

trailing edges the relationship between them is nonlinear.   

Shown in Fig. 3 are the lift coefficients vary with time in one period at various torsion amplitudes. 

It shows that when the vibration amplitude increases, the unsteadiness of the lift coefficient is more 

intense, but the phase seems to keep unchanged. So, the vibration amplitude is no effect on the 

hysteresis effect of unsteady flow at the same vibration frequency and other conditions. 

Similarly, the relationships between unsteady lift coefficient and incidence angle at various 

vibration amplitudes are shown in Fig. 4. It also shows the relationship at steady state. We see that 

increasing the torsion amplitude, the range of incidence angle increases, and the range of lift 

coefficient extends. Conversely, the vibration amplitude of cascade will be large if the unsteadiness of 

the flow is intense. So, in the work of turbomachinery design, to weaken the forced vibration or avoid 

the blade flutter, we should weaken the unsteadiness of the flow at full steam. 

The Effects of the Reduced Frequency. Keeping torsion amplitude α=2° and other conditions 

unchanged, the unsteady flow was modeled at K=0.04, 0.2, 0.36, 0.6 and 0.8, respectively. The 

computational results are shown in Fig. 5 ~ Fig. 7. 

Fig. 3 Unsteady lift coefficient in a period at α=2°, 

4°, 6° and 8° 
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Fig. 5 Real and imaginary part of ∆Cp on airfoil surface at K=0.04, 0.2, 0.36, 0.6 and 0.8 

 

 

 

Fig. 5 illustrates that the reduced frequency has markedly effect on the unsteady pressure jump 

coefficient. With the increase of the reduced frequency, the range of the unsteady aerodynamic force 

on the airfoil surface extends. In Fig. 6, increasing reduced frequency, the amplitude of the lift 

coefficient increases, and unsteadiness of the aerodynamic force is more intense. It agrees with the 

conclusion from Fig. 5. It also shows that the phase between the lift coefficient and vibration 

movement increases and the hysteresis effect is more obvious as the frequency increasing. Fig. 7 

shows that the higher the reduced frequency, the more extensive the range of the lift coefficient. 

As can be seen from the above analysis that, reduced frequency influence not only on the intensity 

of the unsteadiness, but also on the hysteresis effect of the unsteady flow. As the frequency increasing, 

the unsteady fluctuating intensity of the flow increases, the hysteresis effect is more obvious 

indicating the unsteady flow is more nonlinear. Thus imply that, the frequency of the unsteady 

fluctuating of the flow have a significant effect on endurance strength and service life of blades. It also 

can be seen that, at a vibration frequency, the phase between the aerodynamic force and the vibration 

movement can be to90� , if the work by aerodynamic force overcome the mechanical damping, the 

cascade will definitely be in aeroelastic instability—flutter. 

Summary 

In the present work, a harmonic balance approach and corresponding code has been developed for 

analyzing the unsteady flow around oscillating cascades. The results from present harmonic balance 

Fig. 6 Unsteady lift coefficient in a period at 

K=0.04, 0.2, 0.36, 0.6 and 0.8 
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Fig. 7 Unsteady lift coefficient versus angle of 
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method compare with predictions obtained with the dual-time stepping method, indicating that the 

present method correctly predict the unsteady flow around oscillating cascades. Comparing the 

predicted results with the two approaches proves that harmonic balance method is efficient to 

compute unsteady flow. The example shows 36 times computational efficiency by present method in 

comparison with that by dual-time stepping method. So it can be widely used in computation of 

periodic unsteady flows.  

Furthermore, the influences of oscillation amplitude and frequency on unsteady flow are studied. 

Firstly, the hysteresis effect of unsteady flow is hardly affected by oscillation amplitude, but the first 

harmonic pressure across the airfoil is in proportion to vibration amplitude. Secondly, frequency has 

significant effects on unsteady aerodynamic force and hysteresis effect. Increasing reduced frequency, 

the range of the aerodynamic force extends, and the hysteresis effect is more obvious.  
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Abstract. The target-substrate distance has a significant effect on the morphology and the relative 

deposition rate of fluorocarbon films deposited by RF magnetron sputtering. The films were 

deposited on regenerated cellulose substrate using a polytetrafluoroethylene (PTFE) target, with 

argon as the working gas. The surface and fracture cross-section morphologies of the deposited films 

were examined by scanning electron microscopy (SEM). The average thickness of the fluorocarbon 

films and the relative deposition rates were calculated for varying target-substrate distances. The 

films had island-like structures composed of nanoscale particles, and the surfaces were not flat. The 

density of the particles increased and their size decreased with increase of the target-substrate 

distance in the range 30 to 80 mm. The relative deposition rate increased at first and then decreased 

with increased target-substrate distance: the optimal target-substrate distance was 50-60 mm.  

Introduction 

PTFE has a low dielectric constant [1, 2], low friction coefficient [3, 4], ultra-hydrophobic 

properties [5] and high corrosion resistance [6], and has attracted much attention from researchers. 

The surface morphology has a significant impact on the properties of fluorocarbon (e.g., PTFE) films. 

There are many methods for changing the surface morphology, such as varying deposition time, 

pressure and power in the sputtering process. However, while there are many reports on the effects of 

those variables on surface morphology [7-9], there have been no reports on the effects of changing the 

target-substrate distance. We have found that the target-substrate distance has a significant impact on 

the surface morphology of fluorocarbon films. In experiments on preparation of films on regenerated 

cellulose substrates by RF magnetron sputtering, we varied the target-substrate distance and 

determined the surface morphology and relative deposition rate of the films. The optimal range of 

target-substrate distances for best film quality was determined. 

Experiment 

Fluorocarbon films were deposited on regenerated cellulose substrates using an RF magnetron 

sputtering apparatus with 13.56 MHz power supply. The regenerated cellulose substrates were 

commercially available films (60 g cm
-2

). They were ultrasonically cleaned in acetone, rinsed in 

alcohol then dried in hot air. A commercial-grade PTFE sheet bonded to the cathode was used as the 

target, with argon as the working gas. Both electrodes were cooled using tap water. The chamber was 

evacuated to a pressure of 5×10
-2

 Pa then working gas was introduced into the chamber to a pressure 

of 2×10
-1

 Pa. The sputtering target was cleaned for 10 minutes at 100 W power. The discharge 

parameters that were used are given in Table 1.  

The surface and fracture cross-section morphologies of the fluorocarbon layers were studied with a 

JSM-6390 scanning electron microscope (SEM). The average thickness of the films and the relative 

deposition rate were calculated as a function of target-substrate distance. 
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Table 1 Preparation conditions of fluorocarbon films and composite films. 

Parameter  
Deposition time [min] 

Deposition power [W] 

Deposition Pressure [Pa] 

Target-substrate distance [mm] 

45 

150 

2 

30-80 

Results and Discussion 

SEM analysis 

Conventional SEM is the most common technique for the study of defect morphology. Fig. 1 

shows the cross-sectional SEM image of a film formed with target-substrate distance 80 mm.  

 

 
Fig. 1 Cross-sectional SEM image of a film with target-substrate distance 80 mm. 

 

Fig. 1 shows that this combination of substrate and fluorocarbon film is uniform with no holes or 

cracks, and relatively high compactness. The occurrence of cracking in a sputtered film is mostly 

caused by differences in sputtering conditions and annealing temperature. 

Fig. 2 shows the surface morphologies of the fluorocarbon films. It is apparent that change of 

target-substrate distance had little effect on the uniformity of the films, all of which were 

homogeneous. However, it affected the average particle size and compactness of the films. Under 

certain sputtering conditions, these nanoparticles aggregated to form island-like structures but not 

bulky congeries, and the island-like structures combined in arrays of polygonal meshes. That is to 

say, the fluorocarbon particles were not a disordered array but formed a regular island-like structure, 

as previously reported [10]. 
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Fig. 2 SEM images of fluorocarbon thin films on regenerated cellulose substrate. The target-substrate distances 

were (A), 30, (B) 40, (C) 50, (D) 60, (E) 70 and (F) 80 mm. 

 

In images A to C of Fig. 2 the grain size varies from 0.5 to 1 µm, indicating that smaller grains 

agglomerated to form larger clusters. Coalescence of agglomerated grains or clusters can form 

continuous films with low particle density. The size of the particles decreased to 50 nm at 

target-substrate distance 80 mm. Images D to F of Fig. 2 show uniform, compact distributions of 

grains with sizes in the range 50–200 nm. This phenomenon can be attributed to nucleation and island 

formation [11]. Because the deposition power was kept constant at 150 W the sputtering ion energy 

was invariant, so when the target-substrate distance was small, adatoms did not have sufficient time 

to move on the surface of the films. Thus, only relatively large grains were formed to agglomerate for 

nucleation. When the target-substrate distance increased, sufficient time was available for the 

adatoms to have significant surface mobility and form nanoparticles. 

Deposition rate analysis 

Table 2 shows the relative deposition rate of films corresponding to varying target-substrate 

distances, for constant deposition time (45 min), power (150 W) and pressure (2 Pa). 
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Table 2 Relative deposition rates of films at different target-substrate distances. 

sample target-substrate distance [mm] average thickness [µm] relative deposition rate [nm s-1] 

L 2 H m R m 

A 

B 

C 

D 

E 

F 

30 

40 

50 

60 

70 

80 

1.74 

1.82 

7.31 

6.95 

4.68 

3.60 

0.644 

0.674 

2.707 

2.574 

1.733 

1.333 

 

From Table 2 it is clear that the relative deposition rate increased at first and then decreased with 

increasing target-substrate distance. Moreover, when the target-substrate distance increased from 40 

to 50 mm, there was a very large increase in relative deposition rate. This phenomenon was modeled 

as follows. 

 

 
Fig. 3 Schematic diagram of magnetron sputtering. 

 

Fig. 3 shows that magnets below the target create a magnetic field at the surface of the target. The 

magnetic field can constrain secondary electron motion on the surface of the target. The secondary 

electrons undergo a cycloid-spiral motion in this region because of the Lorentz force of the magnetic 

field, and bombard argon atoms, converting them to Ar
+
 ions, until the kinetic energy of the 

secondary electrons is reduced to zero. Ar
+
 ions fly at high speed to the cathode in the electric field, 

bombard the target surface and initiate sputtering. In the sputtering process, the relative deposition 

rates of fluorocarbon film increase with increase of Ar
+
 concentration. With reference to Fig. 3, L1 is 

the scope of the strongest magnetic field lines loop, and because the magnetic field is an intrinsic 

attribute of the magnet L1 was constant. L2 is the target-substrate distance. On the basis of the data in 

Table 2, we analyze the deposition rate data as follows. 

When L1 > L2, there are many magnetic field lines that cannot form a loop between the target and 

substrate, hence most secondary electrons do not have a cycloid-spiral motion, so those secondary 

electron directly bombard the substrate instead of argon atoms. Consequently, the ionization 

efficiency in the plasma is low, and the Ar
+
 concentration becomes small. As shown in Table II when 

the target-substrate distance was 30 or 40 mm, there was a low relative deposition rate of 

fluorocarbon film, and there were high substrate heating effects due to the secondary electrons 

directly bombarding the substrate [12].  

When L1 = L2, the strongest magnetic field lines just form loops in this closed field region, the 

secondary electrons undergo cycloid-spiral motion that can sustain bombarding argon atoms, and 

little Ar+ bombards the chamber walls so there is a high density plasma in the vacuum chamber, 

giving the highest relative deposition rate of fluorocarbon film. Thus as shown in Table 2 when the 

target-substrate distance was 50 mm, the deposition rates of fluorocarbon films were 3-4 times greater 

than when the target-substrate distance was 30 or 40 mm. 
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When L1 < L2, the magnetic field lines cannot give good coverage of the entire region between the 

target and substrate, more Ar
+
 fly to the chamber walls and are lost, with the increased 

target-substrate distance. This situation leads to the Ar
+
 concentration becoming smaller in the 

vacuum chamber, so as shown in Table II when the target-substrate distance increased from 60 mm to 

80 mm, the relative deposition rate of the fluorocarbon films became smaller. 

Conclusions 

Fluorocarbon films were deposited onto regenerated cellulose substrate by RF magnetron 

sputtering. The surface of the films was relatively rough. The density of the particles increased and 

the size of the particles decreased with increase of the target-substrate distance from 30 to 80 mm. 

When the target-substrate distance is optimal, the relative deposition rate of the fluorocarbon films 

has its maximum value, because the plasma had its highest density under these conditions. This 

analysis gives an optimal target-substrate distance in the range 50-60 mm. 

Acknowledgements 

The authors are grateful for financial support from the National Natural Science Foundation of 

China (No.50673046) and the Program for Taishan Scholar and the Program for Innovative Research 

Team of Shandong Province, China. 

References 

[1] D.J. Morrison and T. Robertson: Thin Solid Films Vol. 15 (1973), p. 87 

[2] Y. Matsubara, K. Kishimoto and K. Endo:  IEDM Vol. 98 (1998), p. 841-842 

[3] H. Biederman, S.M. Ojha and L. Holland: Thin Solid Films Vol. 98 (1977), p. 329 

[4] C.Z. Liu, R.G. Fairhurst, L. Ren, S.M. Green, J. Tong and R.D. Arnell: Surf.Coat.Technol. Vol. 

149 (2002), p. 143 

[5] Y. Matsumoto and M. Ishida: Sensors and Actuators Vol. A83 (2000), p. 179 

[6] Y. Matsumoto, K. Yoshida and M. Ishida:Sensors and Actuators Vol. A66 (1998), p. 308 

[7] Y.H.  Zhang and H.J. Qi: Surf.Coat.Technol. Vol. 202 (2008), p. 2612-2615 

[8] C. Charton: Vacuum Vol. 68 (2003), p. 65-73 

[9] S. Dhananjay, A.B. Bodas and S. Mandale A. Gangal: Appl.Surf.Sci. Vol. 245 (2005), p. 202-207 

[10] H. Qi, Y. Fu and D. Wang: Surf.Coat.Technol. Vol. 131 (2000), p. 177 

[11] A.N. Banerjee, C.K. Ghosh, K. K. Chattopadhyay, H. Minoura, K.S. Ajay, A. Akiba, A. Kamiya 

and T. Endo: Thin Solid Films Vol. 496 (2006), p. 112-116 

[12] P.J. Kelly and R.D. Arnell: Vacuum Vol. 56 (2000), p. 160-161 

Shaobo Zhong, Yimin Cheng and Xilong Qu 593WWW.BEHSAZPOLRAZAN.COM



 

Research on Intelligent Oracle Bone Fragments Rejoining Technology 

Aiming Wang1, 2,a, Jipeng Wang1,b, Yanqiang Ge1,c,  

Guoying Liu1,d, Wenying Ge1,e 
1
 Computer Science Department, Anyang Normal University, Anyang, Henan, 455002, China 

2
School of Computer Science, Wuhan University of Technology, Wuhan, Hubei, 430070, China 

a
 wam508@126.com, 

b
 wangjipeng2002@yahoo.com.cn, 

c
 lafo2004@sohu.com,  

d
 nickyrui@163.com, 

e
 wh_wtl@126.com  

Keywords: oracle bone rejoining; intelligent; contour matching; feature extraction; trend feature. 

Abstract. An dynamic suspected target fragment database based on three elements (bone block, 

fragment and feature) is designed to store pending oracle bone fragments to be rejoined. Oracle bone 

fragments images are preprocessed on the basis of texture and target/background difference, and then 

extracted the contour feature, regional feature and trend feature based on actual demand for oracle 

bone rejoining. An intelligent oracle bone fragments rejoining system prototype is implemented. 

Introduction 

Oracle bone inscription is a writing system that is found in China, which is the irreplaceable first-hand 

material to study Chinese ancient history. According to the recent statistics, the number of oracle 

bones that have been unearthed is as many as 150,000, the number of new findings is unpredictable. 

Oracle bone inscription is mainly recorded in the oracle bones, the tortoise and shell bones are 

becoming thinner and increase the possibility of fracture. When the Shang Dynasty perished, some of 

oracle bones were abandoned in the Yin Ruins (Anyang, Henan Province), which had already folded 

and been in great disorder. The broken oracle bones when unearthing are resold several times, so the 

bones being part of a version dispersed to different place. Only rejoin together these fragments as 

much as possible, and then we can better understand the rhetoric, location and syntax rules of oracle 

inscriptions, and make a more comprehensive study of inscriptions content. 

The broken oracle bone rejoining is an important work in oracle bone inscription research. 

However, the traditional oracle bones rejoining method that entirely depends on human to organize 

need heavy workload. Can a new approach be designed to emancipate oracle bones scientists from 

this heavy work? This is a common academics concern. With the development of computer 

technology, the method of using computer technology support oracle bones rejoining has become a 

new topic of oracle bone inscription study, textual research and application. In 1973, Professor Zhou 

Hongxiang, University of California, Los Angeles, tried to use computer technology in the oracle 

bones rejoining,. In 1974, this research was also engaged in China, 1/4 fragments of a bone version 

can be rejoined. Because of the theory, technology, method deficiencies, these study has to be further 

improved, still has a big gap comparing with the need of oracle bones inscription research. 

In August, 2001, the Computer-aided Oracle Bone Fragments Rejoining Research Group is 

established to study oracle bones rejoining based on fragment, edge, bone version, inscription and 

handwriting. After nearly 10 years of efforts, important initial results in theory and technology have 

been made, some results win very popular praise of oracle bones inscription experts through practical 

application. 

Basic Thinking of Intelligent Oracle Bone Fragments Rejoining 

Based on the experience of those who rejoin oracle bone fragments, artificial oracle bone fragments 

are rejoined on the basis of the characteristics, broken trace, radian, color, font style, inscription 
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content, text strokes, marks of drilling and digging, the direction of divinations, etc. According to the 

research data owned, this paper's study is based on cherished rubbings, the rejoining conditions have 

six items of the era, handwriting, bone version, fragment, inscriptions and edge. In addition to the first 

item, the five items are shown with graphics, and use computers to input images to achieve automatic 

processing of basic information. 

Use technologies of image denoising, segmentation, edge detection, contour tracking, pattern 

recognition and artificial intelligence, preprocess images of oracle bones which are to be rejoined, get 

an accurate outline of oracle bones. Through comparing contours piecewise, the system searches 

candidate oracle bones that can match successfully from the oracle bones database. The oracle bones 

database stores the image code and contour of all oracle bones. 

In this paper, the oracle bones database (database 1, 2) is on the basis of the fragments that need to 

be rejoined in seven oracle bone inscription works, such as "Oracle Collection", " Oracle Bones at 

Xiaotun Southland " and so on. All oracle bone fragments selected have been re-copied and added 

collation, interpretation by oracle bone inscription researchers. Database 1 (Oracular Shells) now 

contains 9829 fragments to be rejoined, database 2 (Diviner Bones) contains 2622 fragments. The 

oracle bones database mainly consists of three tables. 

Oracle Bone Fragments Rejoining Process 

Oracle Bone Image Preprocessing. To improve the patching precision of oracle bone fragments, it 

is an essential to preprocess oracle bone images, which includes image scanning, image denoising, 

image segmentation and contour tracing and contour extraction. 

Image denoising is the foundation of image segmentation, feature extraction, image matching, etc. 

The denoising result directly impacts on oracle bone fragments rejoining. Due to the limitations of 

Shooting devices and transmission channels, some noise is included inevitably in oracle bone images 

capturing and transferring to computers. Two image denoising methods of the spatial domain and 

transform domain are uesd is paper: the spatial domain processing method based on the similarity 

between adjacent pixels uses the mean filtering, median filtering, Wiener filtering and Markov 

random field model. 

Image segmentation separates images into multiple disjoint regions with independent 

characteristics. To identify and analyze the outline goals, the edges  need to be extracted from the 

images. Here the edge-based and region-based image segmentation methods are used to segment 

different types of oracle bone fragments. The positive side of tortoise shells choices the region-based 

image segmentation method, the method extracts a number of same or similar features pixel points to 

form region from the divided image spatial domain regions with the code of meeting the homogeneity. 

The reverse side of tortoise shells and other bone pieces choice the edge-based image segmentation 

method, studying the gray change of each image pixel in some neighborhood, and uses edge operator 

method to detect the edge. 

Uses edge extraction to obtain edge information of fragments. Determination of the contour shape 

has a significant impact on feature description, fragment matching. The worm-following algorithm is 

selected to extract oracle bone fragment contour.The operating principle of worm-following 

algorithm is as follows: a hypothetical worm from advances from a white background pixel area to 

black background pixel area, the black background pixel area indicates a occlusive contour; the worm 

turns left and continues moving to the next pixel when the worm enters into a black pixel, the worm 

turns left again if the next pixel is black, otherwise, the worm turns right if the next pixel is white; 

This process continues until the worm reaches its starting point.This contour tracking method need 

repeat many times to get result, sometimes the worm maybe track the same area repeatly to cause the 

program into an infinite loop. 

Edge Segment Extraction Algorithm of Oracle Bone Image. Computer-aided oracle bone 

fragment rejoining adopts the way of searching the matching contour segments piecewise from the 

database. Therefore, how to select a suitable edge segments from the contours to be patched becomes 
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the technology key to the whole system.The existing approach is to set a fixed contour fragment 

length 'Comp_len', directly intercept 'Comp_len' length contour fragment of a candidate contour from 

the contour database to be patching to match. However, this interception approach will bring greater 

problem: a) if Comp_len is too small, it is difficult to express the features of contour segments, more 

matching oracle bone fragments are identified from the database; b) if Comp_len is too big, the 

selected contour segment may span multiple matching contour areas of oracle bone fragments. To 

solve the problem, this paper presents an improved strategy: start matching from smaller Comp_len 

and set a certain length, increase the length of extraction contour with the success of matching. 

Determine the edge segments,only by expressing the characteristics of contour segments 

reasonably can we conduct the follow-up matching operation. Freeman chain code is used to express 

contour line here [1,2,3], then calculate the Feature Fourier Descriptors [4,5], statistical moment [6,7], 

shape function [8] of contour segments. Fourier descriptors assume that the coordinate of each 

contour position is a complex, the discrete sequence of a complex can be obtained when tracking 

contour in certain direction. After processing the discrete sequence by using the Fourier transform, 

use the Fourier coefficients as the shape feature of contours. One-dimensional edge shape is depicted 

quantitatively by using statistical moment, it can obtain spindle by connecting two vertices of the edge, 

then normalize the edge curve into a unit area to be dealt with as a histogram, and calculate the mean, 

variance and high-order moment. Regard the contour segment as a set of points, compute the shape 

feature value of each edge point, then define a variable associating with each edge point. 

Feature Matching Algorithm of Oracle Bone Contour Segments. Have a clear shape description 

function, also this function has invariant features of translation, optional, scale, etc., and then a 

well-designed shape matching algorithm will match oracle bone contour segments well. In addition to 

carrying on characteristic calculation fragment based on edge points related to contour segments in 

actual calculation, the overall shape features of candidate patching oracle bones is also considered, 

such as contour center of gravity, radius and other relevant information. 

When calculating the features of oracle bone fragment contour segment, the contour segment need 

to be rotated to couple with contour segments that wait to be rejoined. The first step is to determine the 

matching criterion when carrying on feature matching for oracle bone fragment contour segment. 

Matching criterion is the measure to judge two images matching degree. The measure of registration 

criteria is targeted; there is not a single standard to judge. In practical application, the appropriate 

registration criteria is selected on the basis of different practical methods. 

Experiment 

Experiment Description. To test and verify the effectiveness of the proposed oracle bone fragments 

rejoining method, an rejoining experiment has been conducted. 

A oracle bone fragment image that was rejoined by oracle bone experts(shown in Fig. 1) has been 

scanned from the work of "Oracle Collection", then artificially separate the image into pieces (shown 

in Fig. 2), select the first separate piece image as the oracle bone fragment to be rejoined, rotate other 

oracle bone fragment images with a random angle and store each image into the database. In the 

rejoining process, we selected the simplest contour segment extraction strategy, from the beginning 

position of contour, extract the contour segment of a given length 'Comp_len' to search from the 

database, using the pixel-by-pixel moving strategy when searching on contour lines of each candidate 

oracle bone fragment. 
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Figure 1.  The experimental oracle bone fragment image (already rejoining) 

      
(a)                                 (b) 

       
(c)                      (d)                   (e) 

Figure 2.  Oracle bone fragment images to be rejoined: image (a)-(e) respectively corresponding to the label 1-5 

region in Fig. 3 

To indicate the contour information and take into account the whole information of oracle bone 

fragment contour which contour segments consist in, the feature calculation method designed is 

shown in Fig. 3. The red dotted line represents contour segment, O  represents the contour center,     

d represents the average distance of red contour segment to the center O , then the feature of the  i th 

pixel features on the contour segment can be expressed: 

( )s iF i P O d= − −                                                                                                                     (2) 

 
Figure 3.  The schematic diagram of feature calculation 

iP  is the coordinate of the i th contour point. Calculate the feature of each edge position by using 

the above feature calculation method. After calculating each pixel position of the red contour segment, 

we can obtain the feature vector F  of the contour segment; its size is Comp_len×1.This paper 

proposes this edge representation method as the edge histogram. 

Process and Result Analysis. In this experiment, we set the binarization threshold 255, the length of 

contour segment to be matched 75 pixels, the minimum similarity threshold 0.8, and use the edge 

histogram to represent the contour segment feature. Use the red color to represent contour segments 

that is matched, the sub step result represents the contour information of oracle bone fragment to be 

rejoined. The rest four contour images are read from the database, and strongly couple with the 

contour segment to be matched. The coupling contour segments are displayed in red. Along the 

contour line of oracle bone fragment to be rejoined, search oracle bone fragment image that can be 

coupled piecewise in the database. If some coupling oracle bone fragment images are found, then use 

the red line to represent in the corresponding contour figure. 
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The experiment result shows that the contour segment to be matched has found a matching contour 

segment from the first candidate oracle bone fragment image, the similarity is 0.82986. The result is 

in accord with the real coupling result obtained. Several experiments on oracle bone fragments 

rejoining have been conducted with this system. Several expected results are initially realized. 

Conclusion 

The result shows that the system can automatically find objective oracle bone fragments when they 

exit in the database. In fact, the edges of different oracle bone fragments may be same. That is, for the 

given oracle bone fragments to be rejoining, there are usually multiple suspect target oracle bone 

fragments existing in the database, the fragments automatically form the dynamic alternative oracle 

bone fragments database. Judgment of suspect target oracle bone fragments can achieve through 

human-computer interaction, according to "time, handwriting and inscriptions". 

When oracle bone fragments to be rejoining are selected, the system can automatically generate a 

suspect target oracle bone fragments dynamic database. Oracle bone inscription experts can rejoin the 

oracle bone fragments through human-computer interaction, based on the alternative oracle bone 

fragments database. This will save a lot of time for oracle bone fragments rejoining persons. The 

future work will study the automatically ultimate rejoining method of suspect target oracle bone 

fragments, based on artificial intelligence and "age, handwriting, inscriptions". 
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Abstract. Driven by the wide range of new material properties offered by multi-material 3D printing, 

there is emerging need to create predictive material models for these materials. A data driven process 

for estimating nonlinear material model is presented in this paper. In contrast with classical methods 

which derive the engineering stress-strain relationship assuming constant cross-section area and fixed 

length of a specimen, the proposed approach takes full advantage of 3D geometry of the specimen to 

estimate the material models. Give a hypothetical material model, virtual tensile tests are performed 

using Finite Element Analysis (FEA) method, and the parameters of the material model are estimated 

by minimizing the discrepancies of the virtual responses and the experimental results. The detailed 

material models, numerical algorithms as well as the optimization approaches are presented and 

finally preliminary results are offered. 

Introduction 

Driven by the wide range of new material properties offered by multi-material 3D printing, there is 

emerging need to create predictive material models for these materials. Tensile tests are one of the 

most widely used mechanical tests to derive such material properties as Young’s modulus and yield 

stress. The output of the tensile test is a force-elongation curve, which is usually converted to the 

stress-strain curve for estimation of material properties. In such a conversion, it is usually assumed 

that the cross-section area and the length of the specimen are constant in the entire tensile test. The 

derived stress/strain is referred to as engineering stress/strain. Because of its simplicity and 

satisfactory accuracy in modeling metallic materials, it has been widely used in the past.  

For metallic materials, such engineering stress-strain based parameter estimation proves to be 

effective, since metals are significantly stiff and the change in the cross-section of the specimen is 

usually negligible. For polymer materials, such simplifications may introduce significant errors in the 

estimated parameters. In lieu of such classical approaches, there have been many targeted approaches 

that tries to get the true stress-strain from tensile tests. Arriaga et al [1] proposed empirical formulae 

to convert engineering stress-strain to true Cauchy stress. Grytten et al [2] used Digital Image 

Correlation (DIC) to measure local strain values in the tensile test of ductile thermoplastic materials.  

In this paper, a different data-driven approach is proposed to estimate the material models. We 

propose different hypothetical material models, and for each material model, the parameters are 

estimated by minimizing an objective function which relates the model parameters to the 

discrepancies of the virtual and experimental tensile test data.  

Problem Formulation 

Fig.1 (a) shows a force-elongation curve derived from a tensile test on a resin-type material 

FullCure720 used by a rapid prototyping machine Objet PolyJet [3]. As is seen that there exists 

monotonically decreasing region in this curve where the elongation still increments even though the 

applied force decreases. In classical plasticity theory, such a phenomenon is generally referred to 
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unstable behavior of a material [4]. As such, the region of interest in this research is confined in the 

stable range of this curve, as shown in Fig.1 (b).  

(a) 

 

(b) 

 

Fig. 1 Nonlinear elastic behavior of polymer in a tensile test. (a) The entire force-elongation profile in a tensile test; (b) The 

data in stable range only. 

In Fig.1 (b), it is clear that there is certain degree of nonlinearities which can hardly be explained 

using classical elastic model. To derive a material model for the FullCure720 material, we propose 

several hypothetical models. For each hypothetical material model, virtual tensile tests are performed 

using 3D Finite Element Analysis (FEA) method, and the results are compared against tensile test 

experiments. The parameters of the material model are then estimated by minimizing the 

discrepancies of the virtual responses and the experimental results.  

Let the parameters of a material model be 
1 2

[ , ,..., ]
m

p p p p= , where m is the total number of 

parameters, then the parameter estimation of a material model is formulated as an optimization 

problem: 

    1 2argmin ( ) ( , ,..., )m e vf p f p p p C C= = −   (1) 

where 
e

C and 
v

C are the experimental and virtual elongation-force curve, • is some metric describing 

the distance/consistency of the two curves.  

Material Models and Specimen Geometries  

In this paper, two hypothetical material models are proposed. The first bilinear material model is 

characterized with three parameters: the Young’s modulus E0 describes the elastic modulus in the 

elastic range where the stress is proportional to the strain; the yield stress defines the proportional 

limit; the tangent modulus Etan is used for modeling the plastic hardening behavior. The second 

strain-dependent plastic hardening model is a generalized case of Model (I) in that the plastic 

hardening behavior is not represented with a constant tangent modulus, but with a general function of 

plastic strain. In this research, this function is represented by a spline-interpolation function using k 

interpolation points on the plastic strain-stress plane. For comparative reasons, the most widely used 

linear elastic model is also included as a reference to indicate the relative fitness of each model, as 

shown in Table 1. 

Two specimens with different geometries as shown in Fig. 2 are fabricated with Objet PolyJet 3D 

printer [3] using the FullCure720 material. Tensile tests are performed on these specimens using the 

same tensile test machine (MTS 858 Mini Bionix). For each specimen, six tensile tests are repeated 

with the same strain rate (0.0005 in/sec) applied in all tests. 

Virtual Tensile Test and Parameter Estimation Algorithm 

The virtual tensile tests are performed using commercial FEA package COMSOL Multiphysics [5]. 

To simulate the tensile test process, a number of points on the elongation-force plane must be 

determined. To accomplish this, prescribed displacements are imposed on given geometric faces, and 

the reaction forces are regarded as output, as shown in Fig. 3 (a). Given a specific set of parameter 

values (e.g. E0 and Etan) of the material model and a virtual elongation e, the responses (e.g. reaction 

forces and von-Mises stress) of the specimen can be evaluated using FEA method, as shown in Fig. 3 
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(b). By sequentially inputting a collection of virtual elongations to the FEA module, the virtual force 

vectors can be calculated; by connecting these virtual (elongation, force) points, a virtual tensile test 

curve can be obtained. 

  

 

 

(a) Geometry (I) (b) Geometry (II) (c) Images of Specimen (I) 

Fig. 2 Specimen geometries. (a) Specimen (I) with no hole; (b) Specimen (II) with a circular hole. (c) Specimens before 

and after tensile test. 

 

Table 1 Material models and their parameters. 

 

Material models Model parameters 

(I) Bilinear 

material model 

Young’s modulus  E0 ;  

Yield stress
ys

σ  

Tangent modulus  Etan 

(II) Strain-depende

nt plastic 

hardening 

model 

Young’s modulus  E0 ;  

Yield stress
ys

σ  

Spline based plastic 

hardening function 

(III) Linear Elastic 

material model 

Young’s modulus  E0 

 
 

Fixed  

geometries 

Prescribed 

elongation e 

 

(a) 

 

 

(b) 

Fig. 3 Finite element analysis of the specimen with no holes in the 

middle. (a) Boundary and loading conditions of the finite element 

model; (b) von-Mises stress distribution of the specimen. 

  

Let the virtual reaction force evaluated at the virtual elongation ei be f vir (ei), and the corresponding 

applied force in the experimental tensile test be f exp (ei), then the discrepancies of the virtual and 

experimental tensile test curve can be calculated with Eq.(2): 

      

2

exp

1

( ( ) ( ))
N

i vir i

i
v e

f e f e

C C
N

=

−

− =

∑
   (2)

   

Eq. (2) is essentially a Root Mean Squared (RMS) error representing the distance/consistency of the 

experimental and virtual tensile test curves. By substitution of Eq. (2) into Eq.(1), the objective 

function of the optimization problem can be then determined.  

Fig. 4  shows a schematic flowchart of the proposed numerical optimization method using a hill 

climbing algorithm. Since the analytic gradient of the objective function is unavailable in this 

optimization, finite difference method is used instead.  

Results 

The optimization module is implemented with COMSOL Multiphysics with Matlab script. For each 

specimen geometry, the averaged elongation-force curve of six experiments is used as the final curve 

that a material model seeks to match. In this paper such averaged curves are called training curves. By 

changing the material model parameters iteratively as illustrated in Fig. 4 , the virtual elongation-force 

curve gradually converged to the training curve, as shown in Fig. 5 (a). Fig. 5 (b) plots the iterative 

update of objective function values. Here only the results of applying material model (I) on geometry 
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(I) are presented and similar curve convergence and objective function plots for other material models 

are omitted here. 

 
Fig. 4 Flowchart of the proposed numerical optimization 

algorithm 

 

  

 

 

(a) 

 

 

 

 

 

 

(b) 

Fig. 5 (a) Iterative update of convergence plot of the 

virtual curve to the experimental elongation-force curve. 

(b) Iterative update of objective function values in the 

optimization process. The geometry of the specimen is 

shown in Fig. 2 (a). 

 Table 2 and Fig. 6 show the detailed material parameters derived from the proposed approach.  

Using the optimized material model parameters, the fitness of these models are further validated 

against experiment data. The results of using material model (I), (II) and (III) to evaluate the responses 

of specimen (I) are shown in Fig. 7 (a), (b) and (c) respectively. Due to limited space, the results for 

specimen (II) are not provided. For each experimental tensile test curve Ce
(i)
 , we calculate the RMS 

error ∆RMS
(i)
 and maximum error ∆MAX

(i)
 of the virtual and applied load evaluated at N elongations ej 

using Eq. (3) and Eq. (4): 

      

( ) 2

exp

1( ) ( )

( ( ) ( ))

,1

N
i

j vir j

ji i

RMS e v

f e f e

C C j N
N

=

−

∆ = − = ≤ ≤

∑
  (3) 

      ( ) ( ) ( ) ( )

exp 1 1 exp 2 2 expmax( ( ) ( ), ( ) ( ), ... , ( ) ( ) )i i i i

MAX vir vir N vir Nf e f e f e f e f e f e∆ = − − −   (4) 

 
Table 2 Material models and the optimization parameter 

values. 
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Fig. 6 Plastic hardening functions represented by spline 

interpolations. The 2nd to 8th ordinates of the data points are 

parts of the parameters of Material model (II). 

Material 

Model 
(I) (II) (III) 

Iterations 12 16 10 

Function  

evaluations 
86 360 101 

Time 

(Second) 
4029.3 24240 399.3 

Optimized 

parameters 

(psi) 

E0=130000.1       

ysσ =4109.9 

ETan=10003.1 

E0=129998.4 

ysσ =3956.9 
E0= 

117705 
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For the six evaluated RMS error ∆RMS
(i)
, the maximum of these errors are defined as the RMS 

validation errors of the material model, and the maximum validation errors can be similarly 

calculated. These validation errors are listed in Table 3. 
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(a) Material model (I) (b) Material model (II) (c) Material model (III) 

Fig. 7 Validation of different material models. 

Table 3 Validation errors of different material models. 

 Specimen (I) shown in Fig. 2 (a) Specimen (II) shown in Fig. 2 (b) 

Validation Error (lbf) RMS MAX RMS MAX 

Material Model (I) 25.228 8.680 26.642 12.408 

Material Model (II) 24.009 7.648 27.485 13.631 

Material Model (III) 60.637 27.487 21.321 10.805 

From Table 3, it can be seen that in terms of consistency with experiment results, material Model (II) 

demonstrated satisfactory performance for both specimens (I) and (II). Material model (III) though 

slightly outperforms Material (II) for specimen (II), however, the RMS and maximum errors for 

specimen (I) are much larger than those calculated from material model (II). 

Conclusions 

An new data driven approach based on virtual tensile tests and numerical optimization is proposed to 

estimate the parameters of a material model. In the virtual tensile test, 3D geometric information of 

the specimen is fully exploited, which differs from conventional approaches where only two 

dimensions (i.e. cross-section area and length of a specimen) were used. Experiments show that this is 

an effective approach for parameter estimation of a given material model. 
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Abstract. Attribute reduction of rough set is a very important research topic. The shortcoming of 

Reference [8,9]’s method is got a superset of a true reduction sometimes, and the disadvantage of 

Reference [10]’s algorithm is could not get a right attribute reduction sometimes. To overcome the 

above shortcomings, a new heuristic attribute reduction method based on Boolean matrix is put 

forward. Finally, the method’s feasibility and validity are proved by examples. 

Preface 

Rough set theory, proposed by Z.Pawlak in 1982, is a tool for dealing with uncertainty and 

vagueness aspects of knowledge model. The main idea of rough sets corresponds to the lower and 

upper approximations based on equivalence relations[1]. Thus, attribute reduction is a very 

important research topic[2]. At present , there are many attribute reduction algorithms[2-6], and 

own respective advantages and disadvantages. 

Boolean matrix has the performances of simple operation and storage convenience, and the 

appearing frequency of attribute as heuristic information has the advantage of intuition and easy to 

accept. So the attribute reduction method of rough sets based on Boolean matrix is a good way. In 

Reference [7], Rongxing Li put forward the Boolean matrix representation mode of concepts and 

computation of rough sets and described the relationship among attribute sets, Boolean matrix and 

linear logical equation group. Based on Reference [7], Reference [8] and [9] adopted linear equation 

group as attribute reduction model and put forward heuristic attribute reduction method based on 

Boolean matrix. However, the common disadvantage of the two algorithms is that the result is the 

superset of a true reduction sometimes. In Reference [10], Aizeng Qian has proved that the solution 

of linear equation group is only a subset of the attribute reduction set of information system and 

proposed an improved heuristic algorithm. But the improved algorithm could not get a right 

attribute reduction when there is no solution to the corresponding linear equation. In the paper, a 

new heuristic attribute reduction method is put forward. The method starts from the conjunctive 

normal form of attributes and remove the non-core attribute of lowest significance in the 

conjunctive normal form expressed by Boolean matrix to get a reduction. The method not only 

overcomes the shortcoming of algorithm of Reference [8-10] but also take attribute significance as 

heuristic information and the minimum reduction is got for most conditions. 

Preliminaries  

To facilitate our discussion, some main concepts of attribute reduction and boolean matrix of 
information system will be given in this section. 

Definition 1 An information system is defined as a family of sets S=<U,A,V,f>, where U is a non-
empty universe of objects , A is a finite non-empty set of attributes, V is the value set of A and 
f:U×A→V is information function. 

Definition 2 Let S=<U,A,V,f> be an information system. Given a set of attributes P⊆A, binary 
relation on attribute set P called indiscernibility relation, where 

ind(P)={(x,y)∈U×U| )}()(, yaxaPa =∈∀ . 

Definition 3 Let S=<U,A,V,f> be an information system. Aa∈ , if ind(A-{a})=ind(A) , then a is 
called as superfluous attribute, otherwise, a  is called as necessary attribute. 
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Definition 4 Let S=<U,A,V,f> be an information system. If Aa∈∀  is necessary, then A is called 
as independence. 

Definition 5 Let S=<U,A,V,f> be an information system, B⊆A, if（1）ind(B)=ind(A);（2）B is 

independence; Then B is called as a reduction of A. 

Definition 6 Let S=<U,A,V,f> be an information system, suppose B1，B2，…，Br are all 

reductions, then ∩
r

i

iB
1=

is called as core of A. The attribute of core is called as absolutely necessary 

attribute; the attribute of ∩∪
r

i

i

r

i

i BB
11 ==

− is called as relatively necessary attribute; the attribute of 

∪
r

i

iBA
1=

− is called as absolutely superfluous attribute. 

Absolutely necessary attribute is also known as core attribute, and relatively necessary attribute 
and absolutely superfluous attribute are also known as non-core attribute. 

Deficiency of the existing algorithms  

The algorithms’ main idea in Reference [8] and [9] is adopted linear equation group as attribute 
reduction model of information system, and remove the column which has the most number of 1 and 
the rows whose value is 1 in the removed column of Boolean matrix. However, the common 
disadvantage of the two algorithms is that the result is the superset of a true reduction sometimes. 

Example 1 Let S1 be a information system, attribute set A={a1,a2,a3,a4,a5,a6,a7}, the corresponding 
minimum Boolean matrix M1 is shown in Fig 1.  

 



























=

1001000

0100100

0010010

0001001

0000101

0000011

1M  

Figure 1.  The minimum Boolean matrix corresponding to S1 

The result of algorithms in Reference [8] and [9] is {a1,a2,a3,a4}. In fact, its subset {a2,a3,a4} is a 
real reduction. 

Reference [10] has proved that the solution of linear equation group is only a subset of the 
attribute reduction set of information system improved the heuristic algorithm in Reference [8] and 
[9] and proposed an attribute reduction solution based on the solution of linear equation group. But 
the improved algorithm could not get a right attribute reduction when there is no solution to the 
corresponding linear equation. 

TABLE I.  INFORMATION SYSTEM S2 

U a1 a2 a3 a4 

x1 1 0 2 1 

x2 1 3 4 1 

x3 2 3 1 1 

x4 3 0 1 1 

Example 2 Information System S2 is shown in Table 1. 
{a1} is obtained by the algorithm in Reference [10]. Obviously, {a1} is not a true reduction. 
In order to overcome the shortcoming of the algorithms in Reference [8-10], the paper put 

forward a new heuristic attribute reduction method based on Boolean matrix which remove the non-
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core attribute of lowest significance in the conjunctive normal form expressed by Boolean matrix to 
get a reduction 

Definition of Boolean matrix and attribute significance 

Definition 7[3] Let S=<U,A,V,f> be an information system, where U={x1,x2,…,xm}, 

A={a1,a2,…,an}. Discemible matrix is defined as mmji ][cM(S) ×= , where 

1}-m20jiUxUx)a(x)a(xAa|{ac jijiij ，，，，，，，， �=∈∈≠∈=  

if ji
C  is the disjunction of elements of ][c

ji , then the unique discembile function corresponding 

to the discemible matrix M(S) is 
ji

m

ji
C

1

0,
M(S)f

−

=
∧= . 

Definition 8 Let S=<U,A,V,f> be an information system, universe U is divided into X 

={X1,X2, …,Xm} under the attribute set A＝{ a1,a2, … ,an}, and constructing a boolean matrix 

nCjiA
m

cC
×

= 2)( , where 





≠

=
=

),(),(1

),(),(0

jqjp

jqjp

ij aXfaXf

aXfaXf
c    )1( mqp ≤<≤  

Where, )(
2

)1(
)1)(1( pq

pp
nqi −+

−
−−−= . 

The meaning of this boolean matrix is: cij=0 denote that attribute aj can not distinct class Xp and 
Xq, and cij=1 denote that attribute aj can distinct class Xp and Xq. 

Definition 9 The following two transformations are equivalent transformation of Boolean matrix: 
(1) swap the two rows of Boolean matrix; (2) if the vector of ist row is substring [9] of jst one, then 
delete the jst row. 

According to the commutative law and absorption law, the conjunctive normal form 
corresponding to the Boolean matrix after equivalent transformation is equivalence to the original 
conjunctive normal form. So the Boolean matrix after transformation is equivalence to the original 
Boolean matrix. 

Definition 10 The Boolean matrix which satisfies any row is not another’s substring is called 
minimum Boolean matrix, denoted by SCA. 

Theorem 1[9] Attribute ai is the core attribute holds if and only if there exists a row vector 
a=(0,…,0,1,0,…,0) in minimum Boolean matrix, where, the unique 1 is located in the ist column. 

Theorem 2[9] Attribute ai is the absolute unnecessary holds only and only if the ist column of 
minimum Boolean matrix SCD are all zero. 

Definition 11 Let S=<U,A,V,f> be an information system, AE ⊆ . Ea∈∀ , the significance of 

attribute a in E, denoted by SIG(a,E), is defined as the number of 1 in the column corresponding to 
the attribute a in SCE. 

Heuristic method for attribute reduction based on Boolean matrix 

The principle of the algorithm is: under the premise of guaranteeing every disjunctive term of 
conjunctive normal form of discemible function is true, remove the non-core attribute of lowest 
significance. So it works in this way until it could not remove further. The remaining attribute set is 
an attribute reduction. It is noteworthy that when some relative necessary attributes are removed, the 
remaining attributes’ property may changed because the change in their set. For example, some 
relative necessary attribute have the property of core attribute and some relative necessary attribute 
have the property of absolutely superfluous attribute. So, this reduction algorithm includes two steps: 
(1) Generate the minimum Boolean matrix. This step adopt the idea of sampling the Boolean matrix 
when generating it by referencing Reference [10], and the difference is that the core attribute set is 
found when the Boolean matrix is generated. (2) Remove the columns corresponding to the non-core 
attribute of lowest significance in the minimum Boolean matrix and then obtain the new minimum 
Boolean matrix by equivalent transformation. Repeat this step until the attributes in Boolean matrix 
are all core attribute. 
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The description of the heuristic algorithm for attribute reduction based on Boolean matrix as 
following: 

Input: Information System S 
Output: An attribute reduction set E 
Step 1 Set Boolean matrix M and attribute set E NULL. 
Step 2 By referencing the generation idea of Boolean matrix in Reference [10], simple the 

Boolean matrix M when generate it. If only the component corresponding to attribute a in the new 

generated row is 1 and Ea∉ , then execute {a}EE ∪= . 

Step 3 Repeat Step 4 to Step 6 until the attributes corresponding to Boolean matrix are all in set E. 
Step 4 Find a column m which corresponding attribute is not in set E and the SIG value is 

minimum in Boolean matrix M. If the attributes satisfying above condition is more than one, then 
choose one randomly. 

Step 5 Remove column m. 
Step 6 If the minimum SIG value is not zero ( the corresponding attribute is relative necessary 

attribute ), then scan the Boolean matrix M. If there is only one 1 in row n and the corresponding 

attribute is not in set E, then execute {a}EE ∪=  and compare the row n and other rows in Boolean 

matrix M. In the comparing process, if a certain row is a substring of the row n, then delete the 
certain row. 

Step 7 Output set E. 
The process of finding the attribute reduction of Information System S2 in example 2 by this 

algorithm is: 
(1) The minimum Boolean matrix is got after executing the Step 1 to Step 2 as shown in Fig 2(a). 

This time, the attribute reduction set E is NULL. 
(2) Chose the fourth column whose SIG value is minimal and its corresponding attribute is a4. 

This column’s SIG value is 0 and implies a4 is a absolutely unnecessary attribute. So delete this 
column directly and get the new minimum Boolean matrix as shown in Fig 2(b). 

(3) Chose the first column whose SIG value is minimal and its corresponding attribute is a1. This 
column’s SIG value is not 0 and a1 is not in set E, and implies that a1 is a relatively necessary 
attribute. Delete this column and get a3 and a2 are all the core attribute after scaning Boolean matrix 
M and put them into set E. At last, the Boolean matrix after equivalent transformation is shown in 
Fig 2 (c). 

(4) This time, the attributes corresponding to the Boolean matrix M are all in set e. So E={a2,a3} 
is a reduction and it is a true reduction. 
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Figure 2.  the minimum Boolean matrix transformation diagram 

In the same way, the reduction {a2,a3,a4} is obtained by the algorithm and it is a true minimum 
reduction. 

Conclusions 

The shortcomings of Reference [8-10]’s method are pointed out, and a new heuristic attribute 
reduction method based on Booolean matrix is put forward. The new method not only makeup the 
shortcoming of the algorithms Reference [8-10], but also improve the algorithm’s efficiency further. 
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Abstract.This paper use grey theory to establish prediction model to forecast the volume of ports of 

coasts in Fangcheng Port in Guangxi. Since  the access to statistical data  of  ports of coasts in 

Fangcheng Port in Guangxi, it is difficult to forecast using traditional method. Through establish the 

GM(1,1) model , this paper gives the predation on ports of coasts in Fangcheng Port in Guangxi, 

The predicted results show that the throughput growth faster in the next few years, and will achieve 

Historical breakthrough in 2014. 

Introduction  

Logistics demand involves goods transportation, distribution, warehousing, packaging, 

handling loading and unloading, distribution processing, and related logistics information links, 

when commodity, and waste goods and material etc create demand on space , time and costs of 

goods.  The index system that shows logistics demand involves quantified indicators such as 

volume of freight, rotation volume of freight transport ,inventory and amount of finish, value terms 

indicators such as logistics costs, logistics income value-added supply chain. At present, the 

logistics statistics information issued by Guangxi statistical bureau are composed of 8 main 

indicators, their are total costs of social logistics, value-added of logistics , total value of social 

logistics, goods total transporting amount, rotation volume of freight transport, cargo Handled at 

major ports ,Container Handled at Ports, fixed assets investment related logistics industry. 

Guangxi Fangcheng Port is a key area of western development and asean open cooperation, it 

will play important role to implement master strategy for regional development and a win-win 

strategy of opening up. It is necessary to construct Guangxi in Fangcheng Port economic region to 

become open cooperation between China and asean's logistics base, processing and manufacturing 

base and exchange center of information; become leading, support of western development strategy 

and openness, high radiation highland, economic prosperity, and a harmonious society, the 

important ecological good international regional economic zone. 

Fangcheng Port coastal ports are in line with the international market and domestic markets 

and resources. Along with the rapid development of the Fangcheng Port economic zone, the coastal 

port will realize great-leap-forward development. In order to know future vision about the 

Fangcheng port development, must have scientific logistics demand forecasting to the development 

of the logistics industry in Fangcheng Port economic zone. It is difficult to quantify and statistics 

due to the value index accessibility, therefore this paper selects quantitative index ports in 

Fangcheng Port regional logistics, so as to provide reference for the strategic development of port. 

Grey forecasting model method  

The introduction of Grey theory 

Due to imperfection and availability of statistical data on port cargo of Fangcheng Port, we use 

GM(1,1) model based on gray theory through comparison and study to forecast port cargo of 

Fangcheng Port. After analyzing the data on port cargo volume of recent years, we establish the port 

cargo volume forecasting model by use of grey theory. Now there are some factors to use this 

method: because the growth of port cargo is effected by economic development, industry policy, 
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natural condition and industrial structure ect. Among these factors, some are certain and others are 

not, so it can be seen as a grey system. The grey prediction method can better grasp system 

evolution law. At the same time ,it keeps out of fatal weakness about related insufficient data, also 

can avoid the subjective judgment caused by the personal experience, knowledge and preferences 

and macro policy factors.  
GM(1,1) model is a first derivative differential equation model with a variable, it is suitable for 

the prediction to system development and change of behavior characteristic value. The essence is to 

give once accumulation Generating Operation sequence (1-ＡＧＯ) through a series of original 

data, which generate data sequences present certain rules and structure prediction model. 

GM(1,1) model 

The basic process of modeling of Grey prediction model as follows: 

If there are n primitive data, the original sequence is )0(

kx ,and that ),...,,( )0()0(

2

)0(

1

)0(

nk xxxx = . 

 Accordingly, the sequence of accumulation generation is )1(

kx ，and ),...,,( )1()1(

2

)1(

1

)1(

nk xxxx =  

∑
=

=
i

n

ni xx
1

)0()1(                      （1） 

Accumulation generation sequence must be smooth .If sequence meet the following a few 

requirements, is considered a smooth. Smooth degree can be expressed by kρ  

)1(

1

)0(

−

=
k

k
k

x

x
ρ                             （2） 

nk
k

k ,...3,2,11 =+
≺

ρ
ρ

          （3） 

[ ] nkk ,...4,3,5.0,0 =∈ρ    （4） 

 

Tectonic background values sequence ),...,,( )1()1(

2

)1(

1

)1(

nk zzzz =  on the basis of )1(

kx  

)1(

1

)1(

)1(

1

)1(
)1(

lnln −

−

−

−
=

kk

kk
k

xx

xx
z  

Suppose )1(

kx  have approximate law of permeability changing , the equation for: 

 bax
dt

dx
=+ )1(

)1(

               （5） 

Discretize (5), get Gray differential equation  

bazx kk =+ )0()0(
   （6） 

Using least-square method, a and b parameters can be given,  
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The formulas of predicting model were established： 
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Then restore prediction value is 
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The prediction precision of model is inspected by error analysis. 

If ),,(
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= �  was analog sequence, then residual inspection for: 
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The relative error inspection for： 
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k

k

x

ε
δ =                                           （13） 

From above the modeling process can be seen, the essence of Gray model is made index 

simulation after raw data accumulation generation. Fitting precision depends on the value of a and 

b, the background value and initial conditions. According to the literature, the background value 

and initial conditions have improved in this paper. 

The prediction on ports of coasts in Fangcheng Port 

Through searching, get follow data: 

 
 Table Ⅰ  The original data of relative index 

year 2000 2001 2002 2003 2004 2005 2006 2007 

Ports of coasts 
 

919 

 

1003 

 

1116 

 

1320 

 

1609 

 

2006 

 

2506 

 

3032 

 

)3032,2506,2006,1609,1320,1116,1003,919()0( =kx  

)13511,10479,7973,5967,4538,3038,1922,919()1( =kx  

The time response function can be obtained according to the grey forecasting model 
826.320383.4122ˆ 1986.0)1( −= k

k ex  

Which can be obtained by simulation, value of simulation and the relative error of simulation 

test value in 2000 to 2008, see table Ⅱ below. 

 
Table Ⅱ  Simulation statistics of Guangxi Fangcheng Port port cargo throughput prediction  

year )0(

kx  
)0(

kx
∧

 
kε  δ  

2000 919 907.23 1.56 0.00082 

2001 1003 906.15 -96.84 0.096 

2002 1116 1105.32 -10.68 0.21 

2003 1320 1348.26 28.25 0.22 

2004 1609 1644.59 35.58 0.00002 

2005 2006 2006.05 0.05 0.22 

2006 2506 2446.96 -59.03 0.11 

2007 3032 2948.78 -47.22 0.15 

What Can be seen from table Ⅰ,the effect of simulation residual and relative error is better.  

According to the grey model, can calculate the 2008-2015 port freight throughput of Guangxi 

Fangcheng port, see table Ⅲ.  
 

 

612 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



Table Ⅲ  The prediction value of Guangxi Fangcheng Port port cargo   

years 2008 2009 2010 2011 2012 2013 2014 2015 

The 

prediction 

value 

3640 4441 5417 6607 8060 9831 11992 14628 

Conclusion 

(1) In this paper, gives the prediction model to predict the Guangxi Fangcheng Port cargo 

according the data of official statistics and compounding some scholars’ research achievements get 

a good prediction results. The predicted results show that the throughput growth faster in the next 

few years, and will achieve Historical breakthrough in 2014. 

(2) Using the grey system theory model, can overcome the limitations of related data and avoid 

the effect of factitious factors. The simulation results and the prediction model is close to practical 

value, the predicting error is lesser, model precision is better, this shows that the prediction method 

based on the grey theory is suitable for Guangxi Fangcheng Port cargo throughput forecast This 

method is feasible and effective and has important reference value on the development of the 

Fangcheng Port planning in Guangxi.  

(3) Along with the development of things, some of the future disturbance factors will enter the 

system to influence the system, when using the model to give further extrapolation, will find grey 

intervals more and more big, that is, the effect of long-term forecast will get worse if using this 

model, therefore this model can not use to predict future all values. The model parameters should 

adjust continuously according to the new information, avoiding "once for all" in estimation of grey 

parameters in model.  The practice shows that, to better fit to the change trend of system which is 

unknown and changing, there is no other choice but to increase new information, a new data 

constantly. 

(4) The main purpose of this paper is to explore scientific and effective method to predict port 

throughput, and to provide a thought to solve the problems, not to provide a "universal" formula. 

Any prediction technology has its limitations, although grey model can forecast throughput, but still 

exist deficiencies, we will explore constantly more effective and more scientific prediction method 

in future. 
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Abstract. Springback during unloading affects the dimensional accuracy of sheet metal parts. A finite 

element model is proposed to predict springback with contact evolution between the sheet and dies 

based on U-bending benchmark of Numisheet 1993. The underlying formulation is based on updated 

Lagrangian elastoplastic materials model. BHF is modeled as an effective force on the edge of the 

flange. Sheet unloading is simulated by the tools’ reverse motion. Sensitivity analysis done using the 

finite element method (FEM) demonstrated that the magnitude of springback and the overall accuracy 

are highly influenced by the element size, integration points and yield criteria. The solutions validated 

with experimental data of Numisheet 1993 show more accurately than 90%.The optimal model 

derived from FEM analysis provides an accurate solution and small convergence. It also has merit in 

not requiring excessive computation time. 

Introduction 

Springback is a common phenomenon in sheet metal forming, caused by the elastic redistribution of 

the internal stresses during unloading. It has been recognized that springback is essential for the 

design of tools used in sheet metal forming operations because it affects the dimensional accuracy of 

sheet metal parts [1]. Traditionally, springback design based on trail and error method is a long cycle 

and high cost. In these years, a large amount of high strength steel and aluminium alloy sheets are used 

in car panels owing to the requirement of safety, economy and environment. These kinds of sheets 

have high Yang’s modulus and high springback using in the car panels. 

With the development of the computer science and FEM theory, numerical simulation of 

springback is performed. Since 1993, four benchmarks (U-bending, S-rail, AUDI door and 

unconstrained bending) are setup for springback prediction in Numisheet. And all the benchmarks of 

Numisheet 2005 have something to do with springback. There are mainly two kinds of finite element 

methods for springback simulation: static implicit method and dynamic explicit method [2, 3]. The 

advantage of static implicit method is the non-condition stability and no time step limit, whilst it is 

possible not converged due to the iterations. The dynamic explicit method does not need iterations, 

but the time step is restricted by the system. At present, the accuracy of springback prediction is not 

high commonly owing to mainly two reasons. One is the stress field acquired from simulation is not 

accurate. Another is the method using for simulation. The factors affecting stress field are materials 

model, constitute equation, yield criterion, element type, element size and contact algorithm, etc [4]. 

There are three problems in finite element solution for springback prediction. Firstly, since the 

flexibility of the whole panel is high, the boundary condition needs to be added to cancel the rigid 

displacement. Different boundary conditions, different simulation results. Secondly, local contact 

between the blank and tools exists during unloading, whilst it is often treated as the whole elastic 

unloading in many commercial softwares such as Ls-dyna. Thirdly, some material parameters are 

changed during springback, but often omitted.  

In this paper, a finite element model of U-bending benchmark of Numisheet 1993 was proposed to 

simulate springback with contact evolution between tools and blank based on static implicit method. 

The simulation results were compared with the experiment. Then the effects of integration points, 

element size and yield criteria on springback results are investigated.  

© (2011) Trans Tech Publications, Switzerland
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Finite element model        

A commercial finite element analysis package MSC.MARC was used for our numerical simulation of 

the U-bending forming process (see Fig.1). Since the problem is symmetric, only one half of the 

length of the entire blank (175 mm×35 mm) was modeled. The binder, the die, and the punch are 

modeled as three separate rigid surfaces, and a modified Coulomb friction model is assumed. 

t
C

v
FF 








⋅−= r

nt arctan
2

π
µ                                                                                                                  (1) 

where Ft is tangential force, [N]. µ  the friction coefficient, here is 0.162. Fn is normal reaction 

force, [N]. vr is the relative sliding speed. C is a constant connected with vr, here is 0.1. t is the 

tangential vector in the direction of the relative speed. 

rr vvt =                                                                                                                                         (2) 

The blank is model as shell element (MARC type 139) with a mesh of 70×14. Boundary 

conditions are specified to create a symmetric condition. The material is modeled to be anisotropic, 

elastoplastic following the Barlat 1991 yield criterion and isotropic strain hardening. The plastic 

behavior of the sheet material is modeled using a power law relation (σ =K(ε0+ε)n
), where σ is stress, 

K is material strength coefficient, ε0  is initial strain, ε is strain, n is strain hardening coefficient. The 

material parameters are shown in Table1. 

The blank holding process is modeled as a blank holder gap with an effective force exerted on the 

edge of the flange (see Fig.2). The blank holder gap is used to control the wrinkle of the flange, and 

the effective force controls the blank flow [7]. The effect force can be expressed as follows. 

s

F
F 1

2

2µ
=                                                                                                                                        (3) 

where F2 is the effective force, [MPa]. F1 is actual blank holding force, [N]. s is the sectional area 

of the blank perpendicular to F2, [mm
2
]. 
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Fig.1 U-bending geometry                                 Fig.2 Force exerted on the flange 

 

Table 1 Materials parameters 

 E[GPa] ν Y [MPa] r Stress-strain relation [MPa] 

0
o 

71.0 0.33 

137.0 0.71 
3593.0)01658.0(79.579 εσ +=  45

o 
136.4 0.58 

90
o 

136.4 0.7 

 

Two different strategies can be used to simulate springback during unloading. The first one can be 

understood as a simple continuation of the forming process, where the tools’ motion is reversed and 

calculations are carried out until the loss of the contact [4]; in the second one, at the end of the punch 

stroke the tools’ action is replaced by the corresponding forces and these are then consecutively 

decreased until vanished [5]. In this paper the first one is used because its physical meaning seems to 

be in better agreement with the real processes. The whole forming simulation is divided into three 

parts: firstly, the die and blankholder is stationary, the punch moves in a fixed speed. Then the punch 
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is stationary, the motions of the die and the blankholder are reversed. Finally, the punch’s motion is 

reversed 

Results and discussions 

Simulation results and validation. Fig.3 shows the diagram for the springback measurement. Fig.4 

shows the shape of the blank before and after springback. Table 2 shows the comparison of simulation 

and experiment results. Error ∆=|Simulation-Exp.|/Exp.. From the table, we can see that the 

simulation results of θ1 and θ2 agree well with the experimental results of Numisheet 1993 [1], whilst 

the ρ have a larger divergence and the CPU time is long about 8.3 hrs (29891 seconds). So it should be 

optimized.  

A

B

C

θ2

X

Y

0

ρ3
5

1
5θ1

                    

Before

spingback

After

springback

 
Fig.3 Diagram of springback measurement        Fig.4 Shape of the blank before and after springback 

 

Table 2 Comparison of simulation and experimental results  

 θ1 [
o
] θ2 [

o
] ρ [mm] 

Avg. (Exp.) 112.4 72.8 106.0 

Simulation 114.9 69.7 92.0 

∆ 2.2% 4.3% 13.2% 

 

Element size. Due to the geometrical symmetry, only one quater (175 mm×17.5 mm)of the global 

specimen was simulated. From the analysis above, the blank under the blank holder is almost 

undeformed, so the element size can be larger and has little effect on springback. Whilst the element 

size of side wall is the focus owing to the large deformation. This portion of the specimen was 

discretized with a 4-node mesh onto five different plane mesh refinements. 

Table 3 shows the simulation results with different mesh refinements. From the table, we can see 

that with the refinements of mesh, the CPU time increases rapidly. When the mesh refinements reach 

5/3 mm, the simulation results agree well with the experiment more than 90%. So the c refinement of 

5/3 mm is the best.  

Table 3 Simulation results with different mesh refinements 

Mesh Size [mm] Element Node θ1 [
o
] ∆θ1[%] θ2 [

o
] ∆θ2[%] ρ [mm] ∆ρ[%] Time [s] 

a 5 140 180 91.7 18.4 84.6 16.2 797.4 652.3 1306 

b 5/2 232 295 108.3 3.7 71.9 1.2 92.5 12.7 3795 

c 5/3 324 410 112.4 0 71.7 1.5 96.4 9.1 6036 

d 5/4 416 525 112.2 0.2 71.6 1.6 99.4 6.2 12714 

e 1 508 640 113.2 0.7 72.1 1.0 97.3 8.2 20630 

 

Integral points. The number of through-thickness integration points (NIP) required for accurate 

springback analysis following sheet forming simulation is the subject of confusion and controversy. 

Li and Wagoner recommended based on a finite element analysis (FEA) of draw-bending springback, 

the use of 25 integration points (IP) [6]. They also reported that up to 51 IP could be required to obtain 

springback solutions with accuracies of 1% [3]. Several researchers [6] since then have reported that 

NIP between 5 and 11 are adequate, and even that 7 or 9 IP are optimal, with reduced accuracy for 

more IP. So we do research on this. Table 4 shows the simulation results with different NIP. From the 
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table, we can see that CPU time increases with the increase of the NIP, whilst the simulation results is 

stable when NIP is larger than 5. Taking CPU time and accuracy into account, NIP=7~9 are optimal. 

The different NIP results may be owing to the different amount of the plastic deformation. When the 

plastic deformation is small, the springback is larger and NIP is larger to get a accurate simulation 

result. On the contrary, only a small NIP is needed. 
 

Table 4 Simulation results with different NIP 

NIP θ1 [
o
] ∆θ1[%] θ2 [

o
] ∆θ2[%] ρ [mm] ∆ρ[%] Time [s] 

3 106.3 5.4 75.1 3.2 125.1 18.0 4541 

5 112.4 0 71.7 1.5 96.4 9.1 6036 

7 111.5 0.8 72.1 1.0 100.3 5.4 7913 

9 111.8 0.5 71.7 1.5 95.8 9.6 9626 

11 110.9 1.3 71.8 1.4 101.8 4.0 11161 
 

Yield criteria. There are several yield criteria for simulation, Von. Mises, Hill and Barlat. Table 5 

shows the simulation results. From the table, we find that the angle of θ1 and θ2 both agree well with 

the experiment. However, the bending radius of ρ is in a large variety. Only using Barlat yield criteria 

agree well with the experiment. And when m=8, the simulation result is the best.  
 

Table 5 Simulation results with different yield criteria 

 θ1 [
o
] ∆θ1[%] θ2 [

o
] ∆θ2[%] ρ [mm] ∆ρ[%] 

Von Mises 112.5 0.1 70.9 2.6 92.0 13.2 

Hill 112.1 0.3 70.9 2.6 93.5 11.8 

Barlat 
m=6 111.4 0.9 71.3 2.1 96 9.4 

m=8 111.5 0.8 72.1 1.0 100.3 5.4 

Summary 

In this paper, a finite element model is set to predict springback with contact evolution between the 

sheet and dies based on U-bending benchmark of Numisheet 1993. Sensitivity analysis done using the 

finite element method (FEM) demonstrated that the magnitude of springback and the overall accuracy 

are highly influenced by the integration points, element size and yield criteria. A conventional 

optimization method combined with FEM was used to obtain optimal parameters that can predict 

springback more accurately than 90%.  
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Abstract.... To the analysis and further development of straight-racket-hit skill of table tennis, visual 

simulation is established to help finding its character through comparing with straight racket 

backhand skill. To overcome such flaws as unable to exert enough force and difficult to determine a 

strike point, an optimal angle to achieve the skill is got through analyzing force of different angle of 

wrist and forearm. Through analyzing the visual simulation of mechanical arm, a systematic theory is 

established to orient the training of straight-racket-hit skill. 

  

1. Introduction.  

Straight-racket-hit skill is to deliver the attack using the back of the racket used by athletes of 

pen-holding style. It is a new table tennis skill developed by Chinese athletes in late 80s. When hitting 

the ball with this skill, it is more easily to tilt the racket forward to fully exert the strength of forearm. 

Therefore, for a penholder, it delivers more strength than a backhand strike. Moreover, comparing 

with the forehand strike, more technical actions can be adopted when using this skill. It is a new skill 

developed on the basis of traditional pen-holding style skills[1]. Resent years domestic athletes has 

greatly improved this skill and is in the lead in the world’s table tennis circle. To maintain the lead, 

new skills must be developed and then enhanced to stand up to the competition. Thus 

straight-racket-hit skill will be adopted by more and more athletes. 

2. Visual simulation of the mechanical arm.  

  The mechanical arm is the most widely used automatic machinery in the field of robot technology. 

Its application domains include industrial manufacture, medicine treatment, entertainment, military, 

space exploration and so on[2]. 

  According to its structure, mechanical arm can be classified as articulated mechanical arm, 

Cartesian mechanical arm, spherical mechanical arm, polar mechanical arm and cylindrical 

mechanical arm[2]. 

  In this paper, the technology of OpenGL is used to simulate the mechanical arm. First get the force 

and torque of each joint (especially finger joints) to calculate the movement state of the mechanism. 

Therefore the two-buffer technology of OpenGL is used to simulate the straight-racket-hit skill of the 

mechanical arm. To enhance the quality of animation, OpenGL provides two color buffers. When one 

of them is flushed to the screen, the other is calculating and preparing for the next flush. After a frame 

is drawn, the two buffers are exchanged, namely the buffer which is used to flush the screen is now 

used to calculate, and vice versa. This technology only flush the screen when the frame is finished, 

thus ensures that no uncompleted frame would be shown on the screen. The code to use two-buffer is: 

void glutSwapBuffers(void) [3]. The structure of the simulation system is shown in Figure 1. 

© (2011) Trans Tech Publications, Switzerland
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Fig. 1 Structure of visual simulation system of straight-racket-hit skill 

3. Simulation of table tennis instrument 

  The instruments of table tennis include racket, ball, table and net[4]. Since it is inconvenient to 

establish complex models using OpenGL, the model of these instruments is established by MD2 

modeling. It can be easily loaded by OpenGL, which is another reason to use MD2 model. MD2 is a 

file format used by 3D engine Quake2 to store models. It is simple and easy to realize, which makes it 

a widely used classic animation model file format. It is composed by two parts. One is the file head, 

which contains ID, version number and initial address of data of the model. The other is the main part 

of the file, which contains various data of the model, such as vertex data, texture data and vector data. 

MD2 is based on the key frame animation technology. The formula of the key frame interpolation is 

as follows[4]: 

p(t) = p(0) + t ( p1 - p0 )                                                       (1) 

where t denotes the time, with 0 as the beginning and 1 as the end; p(t) denotes function of time; p0 

denotes the start location; p1 denotes the end location. 

Establishment of the model of instruments 

There is a common way to establish a MD2 model, which can be described in the following two steps. 

   The origin model, which is not animation model but simply static model, can be easily established 

by 3D Max and then stored as 3DS file format. 

Using MilkShape 3D1.7 to transform 3DS into MD2 file format[5]. MilkShape 3D is a modeling 

software developed by Mete Ciragan to establish models and edit actions of game models with less 

polygons. Models with different file format in various games such as Half Life and Quake can be 

easily edited by it. Furthermore, it can transform different 3D model files into other file format, 

including the transformation of 3DS into MD2. 

4. Control of the table tennis instruments 

  The developing environment of the system is OpenGVS, a high level graphic developing system 

based on OpenGL. Function library of OpenGL is used to realize the loading function. The principle 

of MD2 modeling is to describe complex objects with triangles. Therefore, the vertex location and 

texture coordinate of each triangle is loaded from the file to display the graphs. 

  MD2 file is composed by five part: file head, set of texture coordinate, set of 3D object points, set of 

index of the constructing triangles and set of index of triangle texture coordinate[4]. The file head 

contains ID, version number, number of data of the model and relative address of the data to the initial 

address. The main part of the file contains data of the model, such as vertex data, texture data and 

normal vector data. 

  Vertex data in MD2 file can not be loaded directly, it must be decompressed firstly. To load a 

model, there are two steps: first, data structures must be defined to store the information coming from 

the MD2 files; second, after the structures are defined, the MD2 model is then loaded from the file. 

The instruments of table tennis is displayed and shown in Figure 2. 
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Fig. 2 The simulation ground of table tennis 

5. Simulation and analysis of straight-racket-hit skill 

5.1. Simulation of the holding gesture of straight-racket-hit skill 

  It is the holding gesture that makes straight-racket-hit skill special. Comparing to the commonly 

used gesture to pen-hold a racket, this skill demands a deeper and harder grip of the thumb to the 

handle, the forefinger moves towards the edge of the racket and loose the grip a little to make the 

racket tilt forward slightly to improve the adjustment of the racket. At the back of the racket lies the 

rest three fingers, they should stretch a little to improve the exertion of force and the stability of the 

racket[6]. The machinery arm is flexible and is capable to adjust each finger in small scale to get a 

correct holding gesture. The gesture is showed in Figure 3. 

 

Fig. 3 Simulation of holding gesture of straight-racket-hit skill 

5.2. Simulation of backhand half-volley of straight-racket-hit skill 

  Tilt the racket forward and hit the lower part of the ball when it is rising. Use the forearm to lead the 

wrist to exert the force forward and upward a little. The action is showed in Figure 4. 

 

Fig. 4 Simulation of backhand half-volley of straight-racket-hit skill 

5.3. Analysis of the simulation 
  To study the straight-racket-hit skill, a comparison with data of straight racket backhand skill is 

made. Based on character of table tennis skills, this paper makes the analysis through action 

simulation. The action to achieve loop ball is divided into five detail actions: preparing, wielding the 

racket, racket touching the ball, wielding racket with the ball on it, recovery. The analysis focuses on 

the action of wielding racket with the ball. Through analyzing the data get from the simulation, apart 

from velocity, the result shows that it has little different between actions of hitting different loop ball. 

Here data of straight-racket-hit skill and straight racket backhand skill is analyzed. The time, distance 

and velocity of the wielding are constant in the comparison. 
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5.3.1. Comparison of the time used to hit the ball between the two skills 

  Some definition will be given before further analysis. 

  The preparing action begins when racket is posed on the preparing location and end when the racket 

reaches the maximum location to the bottom right direction. Wielding racket action is to wield the 

racket from the maximum location to meet the ball. Wielding racket with the ball on it action begins 

with the touch of the ball and ends when the ball reaches the maximum location to the top left 

direction. Recovery returns the gesture to the preparing position[6]. Through analyzing the time 

between the two skills when the ball is in the middle of the rising period and when it begins to fall, we 

can see that less time is used by the straight-racket-hit skill when achieving the preparing action, the 

wielding racket action and wielding racket with the ball action. The comparison is list in Table 1. 

Table 1. Comparison of time between the two skills [unit: second] 

 Preparing 
Wielding 

racket 

Wielding 

racket with 

the ball 

Recovery 

 
Holding 

gesture 
Total time Time Time Time Time 

Rise Pen-holding 1.102 0.384 0.334 0.117 0.267 

Medium-t

erm 

Straight-hol

ding 
1.000 0.334 0.150 0.084 0.434 

Falling 

period 
Pen-holding 1.102 0.401 0.317 0.150 0.234 

Begins to 

fall 

Straight-hol

ding 
1.069 0.284 0.234 0.117 0.434 

5.3.2. Comparison between the distances of the wielding of the two skills 

  When playing table tennis, draw the arm back a little is helpful to improve the retractile power of 

the muscle, thus increases the speed of the ball when being hit. But it should be done appropriately, 

for researches shows that when muscle contracted too much, the retractile will decrease instead. The 

distance of the racket wielded from the preparing action to the wielding action influences the speed of 

the wielding. As the distance increases, the distance for the racket to accelerate increases as well. 

Time to hit the ball also influences the speed. The result is showed in Table 2. 

Table 2. Comparison between distances of the two skills [unit: meter] 

 Prepar

ing 

Wieldin

g racket 

Wielding racket 

with the ball 

Recovery 

 Holding 

gesture 

Distance 

in total 

Distan

ce 

Distance Distance Distance 

Rise Pen-holding 1.614 0.455 0.781 0.097 0.281 

Medium-term Straight-hol

ding 

1.585 0.332 0.628 0.153 0.471 

Falling 

period 

Pen-holding 1.530 0.494 0.712 0.120 0.203 

Begins to fall Straight-hol

ding 

2.199 0.401 0.968 0.200 0.630 

  From Table 2, we can see that the preparing distance of straight-racket-hit skill is longer than that 

of the straight racket backhand skill in both period of when the ball is in the middle of the rising 

period and when it begins to fall. When wielding the racket, it will generally accelerate to the 

maximum velocity and then the racket will hit the ball. The meeting of the ball and the racket is the 

key to guarantee a good hit. It will be better if they meet when the racket gets its highest speed, the 

hitting can get a bigger strength. As is showed in the formula s = v0t + at/2, when the initial velocity 

and time is the same, as the acceleration increases, velocity increases. And when the acceleration is 

the same, distance will increase with time. That is the way the racket gets its speed. Therefore a longer 

wielding distance means a faster racket speed. At the middle of the rising, the wielding distance of 

straight-racket-hit is greater than that of the straight racket backhand skill. When the ball begins to 
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fall, the wielding distance of straight-racket-hit is smaller than that of the straight racket backhand 

skill. At the middle of the rising, the wielding distance for straight-racket-hit is 0.153m greater.  

5.3.3. Comparison between the arm angles of the racket of the two skills 

  Here the arm angle means the angle of the wrist and the forearm. Straight racket backhand skill hits 

the upper part of ball when it is rising, which makes the racket tilts forward a little. The forearm will 

meet the ball positively and exert the force forward and upward while the wrist moves forward to rub 

the ball[6]. It makes the straight racket backhand skill react more rapidly. Straight-racket-hit always 

uses the coming force to act, which demands the athlete to hit the ball quickly when it just bounced 

up. Namely act when the ball is rising, with the hand and elbow almost parallel to each other and the 

elbow moving near to the body. Based on the block action, the forearm exerts the force forward and 

rubs the ball to make it spin and increase its speed, as is showed in Table 3. 

Table 3. Angles and best time to hit the ball of the two skills[unit:
o
] 

Holding 

gesture 

preparing Wielding racket Wielding racket with 

the ball 

Best time to 

hit the ball 

Pen-hol

ding 

Elbow parallel to 

wrist, wrist bend 50° 

and form an angle of 

130° with the 

forearm, racket tilt 

forward 

Racket tilt 

downward, wrist 

bend outward and 

form an angle of 

142° with the 

forearm 

Wrist rotate 10° and 

form an angle of 132° 

with the forearm, 

racket tilt upward 

When the 

ball begins 

to rise 

Straight

-holdin

g 

Prepare the racket 

near the left and front 

of the belly, elbow 

form an angle of 35° 

with the wrist, and 

form an angle of 145° 

with the forearm, 

racket tilt downward 

Rub the upper part 

of the ball, racket 

tilt forward, wrist 

and forearm form 

an angle of 150° 

Forearm meet the 

coming ball 

positively, exert the 

force upward and 

forward, wrist rotate 

17° forward, and  

form an angle of 163° 

with the forearm 

When the 

ball rises 

6. Conclusions. 

  Based on MD2 modeling, the simulation of straight-racket-hit is realized, and the analysis of the 

detail of each action is given. Then the result is compared to orient the training of the table tennis. Still 

there are many problems such as the simulation of the actions is not so fluent and the detail is not clear 

enough. The research must carry on to overcome such problems to orient the training, thus play an 

proper role in the development of table tennis. 
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Abstract. Dissolved gas analysis (DGA) is an important method to diagnose the fault of power t 

ransformer. Least squares support vector machine (LS-SVM) has excellent learning, classification 

ability and generalization ability, which use structural risk minimization instead of traditional 

empirical risk minimization based on large sample. LS-SVM is widely used in pattern recognition and 

function fitting. Kernel parameter selection is very important and decides the precision of power 

transformer fault diagnosis. In order to enhance fault diagnosis precision, a new fault diagnosis 

method is proposed by combining particle swarm optimization (PSO) and LS-SVM algorithm. It is 

presented to choose σ parameter of kernel function on dynamic, which enhances precision rate of fault 

diagnosis and efficiency. The experiments show that the algorithm can efficiently find the suitable 

kernel parameters which result in good classification purpose. 

Introduction 

Power transformer fault diagnosis is to determine the nature, location and severity of fault under the 

failure sign of power transformer. As the complexity of the power transformer fault, the diagnostic 

process can not only use a single method, but also through a combination approach. Therefore, the 

wide range of disciplines, methods and means must  be conducive to fault diagnosis, which makes the 

fault diagnosis technology presents multidisciplinary characteristics. 

Dissolved gas analysis (DGA) is considered as the most convenient and effective approach for 

power transformer fault diagnosis. However, there are many defects such as ‘short code’ and 

‘encoding the border is too absolute’ in the three-ratio method or improved three-ratio method on the 

basis of data of DGA in the practice of transformer fault diagnosis. Recently, many artificial 

intelligence methods such as genetic programming [1], neural network [2], fuzzy theory [3] and 

expert systems [4] are applied to the diagnosis of transformer fault and achieved some results.  

According to the mechanism of oil dissolved gas under the transformer failure, there is no clear 

function mapping between the gas content of oil and transformer fault types, the distribution of gas 

content is also very difficult to speculate, the accuracy and the number of actual field data collection 

are also very limited, therefore the traditional diagnostic classification based on experience risk 

minimization principle can not get enough knowledge to learn which resulting the lower classification 

accuracy and the higher diagnostic bias. 

SVM has the outstanding classification ability in small samples and applied in fault diagnosis, but 

the kernel parameter selection is often not satisfactory. The parameter optimization method of least 

squares support vector machine is exhaustive search method in parameter space, that is within certain 

parameters, each parameter selected a value in accordance with certain intervals, each value is called 

a level, different levels of each parameter constitutes a combination of several sets of parameters, and 

a set of the minimum expected the upper bound of risk level is selected as optimal parameter values. 

In practical problems, it is difficult to know the range of optimal parameter in advance, so this method 

is not only difficult to accurately find the optimal parameters, but also has lower efficiency by way of 

the over election. PSO is a new evolutionary computation technique to find the optimal solution 
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through group collaboration and information sharing between individuals. This method not only fast 

convergence, but also easy to implement and there is no need to adjust many parameters. In this paper, 

the optimal value of kernel parameters are searched and seized based on PSO algorithm and combined 

with LS-SVM for power transformer fault diagnosis, in order to improve the performance of fault 

diagnosis system. 

Parameter Selection of LS-SVM 

Model Construction. Least squares support vector machine (LS-SVM) is an improved algorithm 

based on support vector machines, which uses quadratic loss function replace of not sensitive loss 

function in SVM, the loss function is constructed to turn the quadratic optimization into solving a 

linear equation, and this approach has the quickness solution. Objective optimization of LS-SVM can 

be described as follow. 
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The Lagrange function is introduced in order to solve this optimal problem. 
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)( ixϕ is the mapping function of kernel space and maps the input data into the high demission 

space. ωis the weight vector. ξis the error variable.θis regularization parameter. b is deviation. ai is 

Lagrange multiplier. The equation (2) is partial derivative for  ω, ξ, θ, b and ai respectively, and 

setted as 0, the following linear equations can be derived. 
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Where,  

)()(),( j

T

iji xxxxK ϕϕ= , i,j=1,…,N                                                                                                    (4) 

Kernel Function Selection. The LS-SVM model can be showed as: 
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The kernel function of LS-SVM includes radial basis function, polynomial function, sigmoid 

function, linear function and so on. The radial basis function is used as kernel function for its good 

generalization ability and its expression is: 
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The parameter selection of LS-SVM is the combination of kernel function parameter σand 

regularization parameterθ. 

Evaluation Indicators. For the parameters (σ, θ) which need to optimized, the sample standard 

deviation is selected as the evaluation indicator and also used as the objective function of PSO 

algorithm. 
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PSO Algorithm 

Mathematical Description. There is a swarm consisted of m particles in a D dimension searching 

space, the velocity of particle is a vector: vi=[vi1, vi2, …,vid], i=1,2, …,m; d=1,2, …,D. The initial 

location of particle is a stochastic vector: ui=[ui1, ui2, …,uid], i=1,2, …,m; d=1,2, …,D. The best 

location pbesti searched by particle i is show as: Pi=[pi1, pi2, …,pid], i=1,2, …,m; d=1,2, …,D. The best 

location gbest searched by particle i is show as: Pg=[pg1, pg2, …,pgd], d=1,2, …,D.  

The optimal value is searched by iteration according to the velocity renew equation (8) and the 

location renew equation (9). 
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vid
k
: the d dimension velocity of the i particle in the k iteration. 

uid
k
: the d dimension current location of the i particle in the k iteration. 

c1,c2: positive acceleration factor. 

r1,r2: random number between [0,1]. 

w: inertia weight factor. 

Inertia Weight Factor. The larger w the better globe optimal searching capacity and the local 

maxima will be avoided. The smaller w the better local optimal searching capacity and the higher 

convergence speed and accuracy. 
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Kmax: the largest iteration time. 

k: current iteration time. 

wini: initial inertia weight factor. 

wL: inertia weight factor when reach the largest iteration time. 

Parameter Optimization of LS-SVM/PSO Algorithm 

The parameter optimization (kernel function parameter σ and regularization parameterθ ) of 

LS-SVM used by PSO algorithm as following. 

Step1. The initial parameters of PSO algorithm are set: the size of population m. positive 

acceleration factor c1,c2. Initial inertia weight factor wini. Inertia weight factor when reach the largest 

iteration time wL. The initial velocity and location of particle. 

Step 2. The fitness function of each particle is calculated and compared with the optimal objective 

value, if it is better than optimal objective value, then it is set as the new optimal objective value and 

iterated again. 

Step 3. The inertia weight factor is calculated according to the equation (10), the velocity and 

location of particles are renewed according to the equation (8) and (9), the pbest and gbest are also be 

renewed. 
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Step 4. If the suspend conditions are satisfied, the iteration is end and the best classification 

accuracy is outputted. Otherwise go to step 2 and begin to the next iteration. 

Experimental Methodology 

Power Transformer Oil Dissolved Gas Generating Mechanism. Power transformer internally 

generated gases can be divided into the normal gases and fault gases. Normal gases are produced due 

to normal aging of transformer insulation system under normal operation, the concentration of 

hydrocarbon gases in the oil of normal transformers are show as table 1. Fault gases are produced by 

the thermal decomposition or discharge decomposition of insulation failure, the composition of gases 

under various power transformer fault are show as table 2, where the symbol ‘▲’ means main 

components and ‘△’ means minor components. 

Table 1. Statistic limit concentration of hydrocarbon gases in the oil of normal transformers  

hydrocarbon gases H2 CH4 C2H6 C2H4 C2H2 

Concentration [µL /L] 150 60 4 70 10 

Table 2. The composition of gases under various power transformer fault 

composition 

of gases 

failure type 

overheating arc discharge local discharge 

H2 △ △ ▲ ▲ ▲ ▲ 

CH4 ▲ ▲ △ △ △ ▲ 

C2H6 ▲ △     

C2H4 △ ▲ △ △   

C2H2   ▲ ▲   

C3H8 △ △     

C3H6 △ ▲     

CO  ▲  ▲  △ 

CO2  ▲  △  △ 

 

Simulation Framework and Result. The Characteristics gases usually used for power 

transformer fault diagnosis are five types: H2, CH4, C2H6, C2H4, C2H2, the data of gases are 

normalized in order to reduce the affections caused by value differences among different gases. 

minmax

min

xx

xx
x i
i −

−
=
�

                                                                                                                                     (11) 

ix
�

: normalized data of gases. 

     xi : the original concentration data of gases, i=1,2,…,5. 

xmax: the maximum value of original concentration data of the same gas. 

xmin : the minimum value of original concentration data of the same gas. 

The initial size of population m=30, positive acceleration factor c1=c2=2, Initial inertia weight 

factor wini=0.9, Inertia weight factor when reach the largest iteration time wL=0.38. The faults of 

power transformer is divided into four types: low-energy discharge(D1), high-energy discharge(D2), 

high temperature overheating(T3) and low temperature overheating(T1), which high-energy discharge 

generally refers to arc discharge and more intense spark discharge, low-energy discharge generally 

refers to partial discharge and relatively weak spark. In order to verify the validity of this algorithm, 

the same input / output data are used to compare the proposed LS-SVM/PSO algorithm and 
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self-organizing polynomial neural networks (SOPN) [5], the diagnosis models are trained for the 

same number of training samples, diagnosis of the test samples as shown in table 3. 

Table 3.  Result of fault diagnosis 

project fault type 

T1 T3 D1 D2 

The size of test samples 60 28 23 41 

SOPN number of correct judgement 57 23 20 36 

recognition rate[%] 95 82.1 86.9 87.8 

total recognition rate[%] 89.50 

LS-SVM/ 

PSO 

number of correct judgement 57 26 21 38 

recognition rate[%] 95 92.9 91.3 92.7 

total recognition rate[%] 92.98 

Summary 

Considering the fact that parameters in support vector machine are usually decided by cross 

validation, LS-SVM/PSO algorithm was presented in which the parameters in SVM method are 

optimized by PSO algorithm. It was then applied to the fault diagnosis of power transformer based on 

dissolved gas analysis. The five characteristic gases dissolved in transformer oil are the inputs of 

support vector machine. The radial based kernel is selected to the model, and the superiority of SVM 

in processing finite samples is fully considered. The test shows the proposed method can find out the 

optimum accurately in a wide range and the value can be used to diagnose the transformer effectively. 
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Abstract. The motion of a Brownian particle in a bistable system is studied. We propose a method 

of controlling stochastic energetic resonance by adding a period signal to the system. The work 

done by the input signal is investigated as a quantifier of stochastic energetic resonance. By 

changing the control signal, the cooperative interplay between input signal, noise and nonlinearity 

of the system is adjusted effectively. Stochastic energetic resonance can be achieved or enhanced 

when the amplitude or frequency of the control signal is modified. 

Introduction 

The original work on stochastic resonance is carried out by Benzi et al. [1] while modeling the 

switching of the Earth’s climate between ice ages and periods of relative warmth. SR defines the 

effect as amplification of a weak signal applied to the input of a non-linear system by tuning the 

noise intensity. In recent years, it has been studied extensively due to the potential application, such 

as for nonlinear memory storages, image reproduction and sensors to detect weak signal. SR, so 

defined, leaves a lot of liberty as to what is the observables that actually quantified the effect. These 

observables should be physically motivated, easily measurable, and be of technical relevance [1, 

2-4]. The response amplitude (RA) was originally used to quantify SR by Benzi et al. The 

signal-to-noise ratio (SNR) is a measure of SR that can be observed in many systems. Besides, 

hysteresis loop area and area under the first peak in the residence time distribution have turned out 

to be good quantifiers characterizing SR as a bona fide resonance. Recently, Sekimoto [5] proposed 

a method of stochastic energetics (SE), which enable us to analyze the energetic relationships of SR 

described by Langevin equations. Subsequently, I.wai discovered the work done by the periodic 

force is a better qualifier of SR [6,7]. Later, Mamata Sahoo et al investigated heat fluctuations in a 

driven double-well. 

The SR effect requires three basic ingredients：a weak input signal, a source of noise and a 

system with threshold. However, in realistic systems, the input signal and noise are fixed and the 

system is also determined. It is difficult to achieve SR when all the parameters are unchangeable.  

Gammaitoni et al [8] introduced a control scheme which allows us to either enhance or suppress the 

spectral response in the basic SR effect in 1999, then Locher et al [9] and other groups [10,11] 

proposed a variety method to control SR. The present work is based on the theory of SE and the 

theory of controlling SR. We add a periodic force to the SR model and propose the method of 

controlling stochastic energetic resonance. The paper is organized in the following way. In Section 2 

and Section 3, the model of SR with a control signal and the work done by the external agent are 

explained. In section 4, we discuss the effect of the control signal to the system with different noise 

intensity. Finally, we present the summary of our results and discussions in Section 5. 
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Controlling stochastic energetic resonance with a period signal 

The typical model of SR is given by 

                              
( ) ( ),

( )
dx t U x t

t
dt x

ξ
∂

= − +
∂

.                         (1) 

where ( )2 41 1
( ) sin

2 4
U x x x xA tµ= − + − Ω  is the reflection-symmetric quartic potential, µ is the  

potential parameter, ( )tξ denotes a zero-mean Gaussian white noise with ' '( ) ( ) 2 ( )t t D t tξ ξ δ= − , 

and intensity D. The model describes the overdamped motion of a Brownian particle in a bistable  

potential in the presence of noise and periodic force. The potential U with A=0 has bistable minima  

at x µ= ± and a maximum at 0x = . 

   We add a periodic signal tB Ωsin  to the system to control the stochastic energetic resonance  

artificially by changing the amplitude and frequency of the control signal, as shown in Fig.1. The  

corresponding dynamic equation is 
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          Figure.1 controlling stochastic energetic resonance with a periodic signal  

 

Followed from the stochastic energetics formalism developed by Sekimoto, the work done by the 

external agent on the system is defined as 
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Where 
ω
π

ω

2
=T , 0t is the initial transient time that is 2T in our simulation and angle brackets mean 

the ensemble average. For simplicity, we define W1 as the work done by the input weak signal 
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Output signal ( )tx  
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By tuning the amplitude and frequency of the control signal, the work W1 is analyzed. We set 1=µ  

throughout the paper. Numerical simulation of our model was carried out by using Heun’s method. 

To calculate W1 we first evolve the system and neglect initial transients. To get better statistics, we 

have calculated W1 for 2000 different cycles . 

Results and Discussions 

In Fig.2 we plot the average work done by the input signal over a single period as a function of 

noise intensityD for 3.0=A , πω 02.0= and 0=Ω=B . The curve is resonance-like and the work 

1W  takes a maximum value at 33.0=D when the stochastic energetic resonance happens. 

    
Figure.2 The average work W1 done per period with the noise intensity D 

 

1) Small intensity of the noise 

For the case where noise is small (D=0.25), the particle remains in one of the potential wells 

with an occasional random jump to another well and intrawell motion dominates. When 

introducing a control signal tB Ωsin ( π08.0=Ω ) into the system, the work W1 exhibits a peak as 

B varied. In Fig.3, the work W1 increases with B increasing from 0 to 0.21 showing the 

enhancement of the stochastic energetic resonance. However, W1 decreases for larger B and the 

stochastic energetic resonance weakens. 

 

Figure.3 The work W1 versus the amplitude of the control signal B (D=0.25, π08.0=Ω ) 

 

If the frequency of the control signal is reduced to π04.0=Ω , the optimal amplitude of the 

control signal B is changed to 0.19. It is shown that different B is needed to achieve stochastic 

energetic resonance when the control frequencyΩ is different.  
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Figure.4 The work W1 versus the amplitude of the control signal B (D=0.25, π04.0=Ω ) 

 

2）Suitable intensity of the noise  

In figure 2, the work W1 takes a maximum value at D=0.33. When applying a control signal 

tB Ωsin ( π08.0=Ω ) to the system, the effect of the stochastic energetic resonance can be enhanced 

significantly (see Fig.5). It is noteworthy that the work W1 at B=0.11 is larger than that at B=0. 

    
Figure.5 The work W1 versus the amplitude of the control signal B (D=0.33) 

 

3）Large intensity of the noise 

For the case when 36.0=D , a large number of interwell random switches occur for each period 

of the input signal and the system response is again random. If we add a control signal to the system 

with fixed frequency π08.0=Ω , the work W1 when the intensity of the control signal B varied is 

shown in Fig.6. It is noted that the work W1 at B=0.41 is larger than that at B=0. The result shows 

that the control signal leads the interwell transition more in order, thus enhancing the stochastic 

energetic resonance. 

 
Figure.6 The work W1 versus the amplitude of the control signal B (D=0.36) 
 

In figure 7, we have plotted average work W1 as a function of noise intensity D for different 

values of control signal intensity B for 3.0=A , πω 02.0= and π08.0=Ω . As we increase B, the 
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maximum of the work W1 increases and the peak position shifts towards higher values of D. It is 

clearly seen from the figure that the control signal enhances the stochastic energetic resonance 

effectively. 

 

Figure 7. The work W1 as a function of D for different values of the intensity of control signal (B). 

Summary 

In this paper , with the aid of stochastic energetics, we propose a method of controlling stochastic 

energetic resonance by introducing a periodic signal. Adding the system with a periodic signal can 

lead the fluctuations in the single well and thus affects the transition between the two wells. An 

effective control of stochastic energetic resonance can be achieved while changing the amplitude or 

frequency of the control signal.  
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Abstract:Nowadays the traditional intrusion detection models have two disadvantages:low work 

efficiency and high false positive.Considering these disadvantages,this paper proposes a new 

intrusion detection method combining k-means clustering algorithm and BP neural network.The 

experimental results show that the improved intrusion detection model in this paper can save the 

calculation time significantly with same detection capabilities for the abnormal behavior. 

1.Introduction 

Along with the rapid development of computer and internet, people have realized the importance 

of network safety problem[1].Intrusion detection system has become an essential part in the field of 

network safety and it is different from the traditional network safety protection technologies such as 

firewall and digital encryption. In 1987,Denning proposed the first intrusion detection model. From 

then on,intrusion detection technologies have developed from the pure theoretical research to 

commercial products. Beacause of the fast development,the intrusion detection technologies cann’t 

been neglected in the future research of security protection. 

K-means is the most widely used clustering analysis method which is very simple and rapid. This 

algorithm can customize the number of clustering and ensure high similarity in the same clustering 

and low similarity between different clustering[2]. 

In 1986,the group leaded by Rumelhart and McCelland proposed BP(Back Propagation) neural 

network.As the most popular neural network currently,it is a network of single transmission and 

multilayer feedforward[3]. 

This paper puts forward an intrusion detection model combining k-means with BP neural 

network.The model can be divided into two parts: learning units and work units.Learning units is also 

referred to data analysis units.In the phase of data analysis,k-means clustering algorithm is used for 

training data sets to produce clustering centers and then clustering centers are sent to BP neural 

network.The training data sets are reduced and so this way not only can increase the efficiency of 

training,but also can avoid the various errors in massive samples training.In the simulation 

experiments,we use KDDCUP99 data sets and gain good testing results. 

The remainder of this paper is organized as follows.We first introduce the data pretreatment in 

Section 2.The BP neural network for intrusion detection is presented in Section 3.Then experimental 

results are given in Section 4.Section 5 concludes the paper. 

2. Data Pretreatment 

The preliminary data collection and processing are the foundation of a complete invasion 

examination system[4].This article uses the most widely used network packets as the original data 
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source.We can get the network packets in many ways.Sniffer and Ethereal are two excellent 

softwares to obtain the network packets.At present,the majority of theory studies use the Winpcap 

interface which is based on Windows platform.Although we can obtain the network packets by the 

interface,the original datas have different types.In order to extract comparable characteristics,we need 

to set a special data preprocessing unit for changing characters into numbers and normalizing. 

K-means clustering is a well known 

partitioning method which aims to partition 

datas into k clusters in which each sample 

belongs to the cluster with the nearest mean. 

Given a set of samples,where each sample is a 

d-dimensional vector, k-means clustering aims 

to partition the n observations into k sets (k < n). 

Fig.1 shows the detailed process of k-means 

algorithm. 

The training samples obtained after 

preprocessing will be sent into the k-means 

clustering algorithm.The purpose why we use 

k-means clustering algorithm is to reduce the 

training samples of BP neural network. After 

the clustering,we can much simplify the training 

samples[5]. Note two questions here: 

1.Data pretreatment should not blindly set all 

data to normalization which will cover 

distinguishing features of the original data.We 

should be selective on the normalized in data pretreatment.The object which is suitable for 

normalizing should be the data that have obvious difference numerical. 

2.The samples which have few number can be used as training samples directly and do not need to 

cluster.Mandatory clustering plays an adverse effect. 

Table 1 k-means clustering results 

Type of 

behavior 

Number of cluster 

training 

Number of 

cluster centers 

nmap imap 408 15 

pod  264 5 

guess_passwd  353 13 

Smurf 803 23 

teardrop 1000 7 

Satan 2015 14 

Back 3254 20 

Ipsweep 1305 6 

3. The BP Neural Network For Intrusion Detection 

 BP neural network performs a highly adaptive nonlinear decision function from training samples 

and is a supervised learning mode[6].In this paper,the network is trained with 41 dimensional samples 

Select initial centers of the k clusters 1,..., kc c   

When the cluster membership is changing,  

..Generate a new partition 

..For i=1,…,n 

….Assign each data point ip to its closest cluster 

centers jc . 

..end 

..Compute new cluster centers. 

..For j=1,…,k 

…. 1
i j

j ip c
j

c p
n ∈

= ∑ ; jn =number of points in jc . 

..end 

end 

Fig.1 k-means algorithm 
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as input and the value of detection results as output.We construct three layers BP with 41,10 and 1 

neurons in the input,hidden and output layer respectively. 

The purpose of BP network used here is to improve the detection capability on unknown intrusion 

behavior in the detection model[7,8].Because the BP network can judge known behavior and 

unknown behavior,then we put the unknown behavior into quarantine area.Through regular 

filtration,unknown behavior determine and perfecting BP network training,we can ensure their own 

safety and productivity of the entire intrusion detection model. 

 

 

 

 

 

 

 

 

 

 

 

Table 2 BP training statistics 

Type of behavior the number of BP 

samples 

Learning results 

nmap imap 15 00000001 

pod  5 00000010 

guess_passwd  13 00000100 

Smurf 23 00001000 

teardrop 7 00010000 

Satan 14 00100000 

Back 20 01000000 

Ipsweep 6 10000000 

The whole algorithm of this paper is outlined in Fig.3. 

4.Experiment 

In our experiments,we select KDDCUP99 data set which includes 494021 datas.Thereinto,there 

are 97278 normal datas and 396743 abnormal datas.The abnormal datas can be divided into four 

categories:dos,probe,u2l and r2l. In order to improve the accuracy of intrusion detection model, we 

classify each categorie further according to the specific types of invasion. 

To test the detection capability of our method for unknown intrusion behavior,we choose some 

type of intrusion behavior randomly and we get two categories of data set needed by simulation 

experiments:the training data sets and the test data sets. 

After preprocessing the datas uniformly, we design three schemes for simulation experiments: 

1.We use k-means clustering algorithm for training data sets to produce clustering centers.The test 

data is compared with clustering centers and the distance of which less than prescriptive threshold is 

considered as abnormal behavior. 

….

Output layer 

X1 

X2 

X41 

1 

2 

10 

 

Input layer Hidden layer 

….

w1 

W10 

Y=∑wi*xi 

Fig.2The Back Propagation Neural Network model 
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2.We use training data sets to train BP neural network directly.The test data will be sent to  BP 

network and we can identify the test data through the output of the BP. 

3.We use k-means clustering algorithm for training data sets to produce clustering centers and then 

send clustering centers to BP neural network. The BP network trained by the clustering centers is 

used to identify the test data. 

Table 3 Experimental comparison table 

  Items 

Experiment 

Time of Training Correct classification rate of  

test samples 

Experiment 1 18 seconds 57% 

Experiment 2 372 seconds 88% 

Experiment 3 28 seconds 82% 

In accordance with the experimental results, we come to the following conclusion: 

1.The first model can't identify the unknown intrusion behavior and false positive is 

high.Moreover,the model doesn’t have learning ability. 

2.The recognition rates of the second model for unknown and known samples are both high, but 

the training samples are excessive and the time spent on training is too long. 

3.Because the third model uses k-means clustering algorithm for training data sets firstly and only 

clustering centers are sent into the BP neural network for training,the coding and training spend very 

short time and the detection results on known and unknown samples between the third model and the 

second model are nearly the same. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.Conclusion 

At present,high-speed internet communication has put forward rigorous requirements to the 

intrusion detection model. The intrusion detection model based on k-means clustering algorithm has 

great advantages for analysis of large-scale network packets.However, it is inacceptable for the 

detection capability to unknown intrusion behavior.As long as the prophase training of BP is 

sufficient,the detection speed can meet the requirement of the high-speed networks. Nevertheless,it 

also exists problems for the training of BP network to large-scale network packets.In this paper,we 

use k- means clustering algorithm for learning data sets and then the clustering centers produced by 

k-means will be provided for the training of BP neural network.The simulation experiments prove 

Y 

Data preprocessing 

Get the net packets 

(Using Winpcap Interface) 

BP neural network 

Unknown 

behavior? 

Type judgement Learning data set 

N 

k-means clustering 

Cluster centers 

Fig.3 The flow chart of our algorithm 
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that this method can effectively combine the advantages of both.What’s more, the efficiency of 

intrusion detection model based on our method is greatly improved. 
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Abstract. Combined With the color and spatial partitions of image, this paper puts forward 

divergence to describe the dispersion information of pixels in each annular subset, and all those 

divergences of annular subsets constitute the divergence color histogram. It is invariant with 

translation and rotation, and suitable as a basic feature of image. Finally, simulation results show the 

improvement of the divergence color histogram over the spatial color histogram are: 16% (annular), 

27% (angular)and 26% (hybrid), so the divergence color histogram has a significant better retrieval 

performance. 

Introduction 

In content-based image retrieval, color histogram is a very common statistical feature, it is efficiency, 

and not sensitive with translation and rotation. It can quickly retrieve many similar images from image 

database based on those advantages, but unfortunately in these images, the proportion of images with 

similar content is very small, that means the precision rate is low. The reason leading to these results 

is that the color histogram ignored spatial distribution of information treats different models of the 

images as a same model. 

Combined with spatial information, Aibing Rao etc made a total of three kinds of spatial color 

histogram[1], that is the annular color histogram, the angular color histogram and the hybrid color 

histogram, these three histograms are invariance with rotation and translation, When the they are 

applied for image retrieval, the retrieval performance proven to be superior to the traditional color 

histogram. 

In a small region, the dispersion of pixels is also very important information, so the paper will 

introduce another type of spatial color histogram named divergence color histogram based another 

hybrid partition. 

The spatial color histogram[1] 

Let [ ]xy m nI I ×= be an image of size m n×  where ,0xy xyI I c≤ ≤  is the color of pixel ( , )x y . Suppose 

1 2, ,..., MB B B  are disjoint sets is a partition of color Interval [0, ]c .Let 

{ }( , ) |1 ,1 ,q xy qS x y x n y n c B= ≤ ≤ ≤ ≤ ∈  

be a set of coordinates in which all colors of pixels are in color set qB ,next consider the set  qS  

as geometric set on 2-D plane, compute the centroid denoted as ( , )q q qC x y=   of qS  and define qx  

and qy  as  

( , ) ( , )

1 1
;

| | | |
q q

q q

x y S x y Sq q

x x y y
S S∈ ∈

= =∑ ∑ . 

Next Compute the Maximum distance between the centroid and coordinate in set qS ,Given an 

annular partition number H,  qS  is divided into H annular subsets 1 2, , ,q q qHR R R⋅⋅ ⋅  by H circles with 
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qC  as the center and with 
qhr

N
  as the radius for each 1 h H≤ ≤ .This is illustrated in Figure 1, the 

annular partition is invariant with translation and rotation. 

                                 
Figure 1. The annular partition of set qS .                  Figure 2. The angular partition of set qS . 

 

 

Let | |qh qhA R= , the matrix [ ]qh M HA A ×=  is called the annular color histogram of the image.  

Similar to the annular partition, to get angular partition, we should compute the set qS  and  the 

centroid qC  firstly, and then compute the qS ’s principal direction that is denoted as 

( , )

1
( ) ( , )

| |
q

q

x y Sq

S x y
S

θ
∈

Θ = ∑  where ( , )x yθ  is defined as the direct angle from coordinate ( , )x y  to  the 

centroid qC , finally Given an angular partition number K,  qS  is divided into K angular subsets 

1 2, , ,q q qKR R R⋅ ⋅⋅  by K radials with qC  as the origin and with  ( ) 2q

k
S

N
πΘ +  as the angle for each 

1 k K≤ ≤ . This is illustrated in Figure 2, the angular partition is invariant with translation and rotation 

Set | |qk qkA R= ,the matrix [ ]qk M KA A ×=  is called the Improved annular color histogram of the 

image. By combining above two approaches, Given an annular partition number H and an angular 

partition number K,  qS  is divided into KH ×  hybrid subsets 11 12, , , , ,q q qhk qHKR R R R⋅ ⋅ ⋅ ⋅ ⋅ ⋅  by H circles 

with qC  as the center and with  
qhr

N
 as the radius for each 1 h H≤ ≤  and K radials with qC  as the 

origin and with  ( ) 2q

k
S

N
πΘ +  as the angle for each 1 k K≤ ≤ . This is illustrated in Figure 3,  the 

hybrid partition is invariant with translation and rotation. 

                 

Figure 3. The hybrid partition of set qS .            Figure 4.The another hybrid partition of set qS . 

Set | |qhk qhkA R= ,the matrix 11 12( , , , , , )q q qhk qHKA A A A A= ⋅⋅⋅ ⋅ ⋅ ⋅  is called the hybrid histogram of the 

image. 
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The divergence color histogram 

The paper will introduce another type of spatial color histogram named divergence color histogram 

based another hybrid partition.  

Given an annular partition number H and an angular partition number K, firstly compute the set 

qS  and the centroid qC  for each 1 q M≤ ≤ , divide qS  into N subsets 1 2, , ,q q qNR R R⋅ ⋅⋅  with the above 

annular partition method. Secondly, calculated qhR ’s principal direction that is denoted as 

( , )

1
( ) ( , )

| |
qh

qh

x y Rqh

R x y
R

θ
∈

Θ = ∑  for each 1 h H≤ ≤  where ( , )x yθ  is defined as the direct angle from 

coordinate ( , )x y  to  the centroid qC , qhR  is divided into K angular subsets 1 2, , , , ,qh qh qhk qhKR R R R⋅⋅ ⋅ ⋅⋅ ⋅  

by K radials with qC  as the origin and with  ( ) 2qh

k
R

K
πΘ +  as the angle for each 1 k K≤ ≤ . 

1 2, , , , ,qh qh qhk qhKR R R R⋅⋅ ⋅ ⋅⋅ ⋅  is the another hybrid partition and illustrated in Figure 4,the another hybrid 

partition is invariant with translation and rotation. 

Set 
( , )

1

( , )

max

max

qhk

qh

K

xy
x y R

k
qh

xy
x y R

I

A
K I

∈
=

∈

=
⋅

∑
,the matrix [ ]qk M HA A ×=  is called the divergence color histogram of the 

image and qhA  is called the divergence of set qhR .If we don’t consider the color information in 

qB , qhA  is proportion of the nonempty set in 1 2, , , , ,qh qh qhk qhKR R R R⋅⋅ ⋅ ⋅⋅ ⋅ ,reflects the  divergence 

information of coordinates of set qhR  in the h’s annular region. when qhA  is more bigger, the 

divergence is more bigger. In most cases, the variance is general used to reflect the dispersion of 

points, but because our set is distributed in the ring, the variance is not a good tool to describ their 

dispersion. The dimension of divergence color histogram is M H× ,and of the hybrid color histogram 

is M H K× × ,so the dimension of divergence color histogram is far less than the hybrid color 

histogram. It makes the retrieval of divergence color histogram more efficiency than the hybrid color 

histogram with the same M, H and K.  

Experiments and Comparisons 

In the experiment, the cpu is Genuine Intel Cpu 2140@1.6GHz, the size of physical memory is 

1.49GB, the softwares are Microsoft Windows Server 2003 and Matlab 6.5. This paper collected 500 

images from the network as an image database, 100 images as the retrieval database. The Image 

database has 10 categories of images and contains pandas, mobile phones, snakes, mountain, people, 

guns, cars, horses, flowers, airplanes, and each category has 50 images. The retrieval database also 

contains the 10 categories of images, each including 10 images. In order to improve computational 

efficiency, the average for each image size after compression is about 100kb. The color space is RGB, 

and the detailed parameters are shown in Table 1. 

 
Table 1. The color and spatial granularity for 4 histograms 

M 40 40 40  

 R G B Dimension 

Ann(H) 25 25 25 3000 

Ang(K) 25 25 25 3000 

Hyb(HxK) 5x5 5x5 5x5 3000 

Dive(HxK) 25x25 25x25 25x25 3000 

 

Shaobo Zhong, Yimin Cheng and Xilong Qu 641WWW.BEHSAZPOLRAZAN.COM



 

 

In table 1, the color and spatial granularity for 4 histograms are listed where M is the division 

number of each dimension of the RGB color space, H is an annular partition number, K is an angular 

partition number. 

Performance Comparison Figure 5 lists the average precision-recalls taken over 100 queries. 

 
Figure 5. Average Precision-Recalls for 4 histograms 

 

In figure 5, The Performance of the divergence color histogram is better than the others 

histograms where angular color histogram is very close to hybrid color histogram. In order to 

quantitatively determine differences in retrieval performance, the areas surrounded by the four 

histograms with the two axes are calculated and listed in Table 2.  

 
Table 2．The areas surrounded by the four histograms with the two axes 

 Area Ratio 

Ann. 0.2281 0.8354 

Ang. 0.1994 0.7303 

Hyb. 0.2001 0.7325 

Dive. 0.2731 1 

 

 In table 2, The improvement of the divergence color histogram over the spatial color 

histogram are: 16% (annular), 27% (angular) and 26% (hybrid). 

Time complexity of these four histograms can be divided by two parts, one is to partition the 

color and spatial region of the image, and the second is to calculate the feature value of all the 

partitions. so the annular color histogram is ( )O m n M H⋅ + ⋅ , the angular color histogram is 

( )O m n M K⋅ + ⋅ ,both the divergence and hybrid color histogram is ( )O m n M H K⋅ + ⋅ ⋅ .In general, 

there is M H K m n⋅ ⋅ < ⋅ ,It can be thought that the four histograms are the same time complexity 

( )O m n⋅ , so the divergence color histogram is little much inferior in efficiency. 

Summary 

In this paper, the partition of the divergence color histogram is invariant with translation and rotation, 

the divergence color histogram reflects the divergence information of coordinates in each ring, such 

information has a very good retrieval performance, and the divergence color histogram has the same 

time complexity with the three spatial color histograms. 

Simulation experimental results show the improvement of the divergence color histogram over 

the spatial color histogram are: 16% (annular),27%(angular)and 26% (hybrid), so the divergence 

color histogram has a significant better retrieval performance. 
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Abstract: The traditional search engine is unable to correct search for the magnanimous information 

in Deep Web hides. The Web database's classification is the key step which integrates with the Web 

database classification and retrieves. This article has proposed one kind of classification based on 

machine learning's web database. The experiment has indicated that after this taxonomic approach 

undergoes few sample training, it can achieve the very good classified effect, and along with training 

sample's increase, this classifier's performance maintains stable and the rate of accuracy and the 

recalling rate fluctuate in the very small scope. 

Introduction 

In order to use the information including in Deep Web database more effectively, it is need to 

categorize by its fields. At present the classification of Web database is primary and needs further 

improvement
 [1]

. The paper advances the classification of web database based on machine learning 

and uses a new method to calculate weight. The classification method can work very effectively after 

trained with some samples tested by experiment; it will work better with more samples. And the 

stable performance can be available, accuracy and recall will vary within small range accordingly.  

Classification of Web database 

Feature extraction of the query interface 

Feature extraction is the preface to categorize automatically. HTML form contains complicated 

information and also magnanimous useful information. How to choose proper feature to describe 

HTML form is very urgent. The pattern of HTML form is <form action=“URL”method=“get|post”>, 

and the content of HTML form is </form>. The argument of Action means the processing program to 

submit HTML data to server. The argument of Method means the method to transfer the content of 

HTML form to sever
 [2]

. 

HTML includes so much useful information that it can show its features by using all the control. 

But some property of outlook can be emitted, such as: size, length, and so on. Additionally the 

features can be made by the show times of control; HTML can be in one textbox or several textboxes. 

According to the above-mentioned, the following features of HTML will be withdrawn: 

1) The property of name in HTML <form> tag; 

2) These words which withdrawn from the property of action in <form> tag; 

3) The type of control which included in the HTML form; 

4) The value of name property and value property in input control; 

5) The property of name in select control and textarea control; 

6) These words between control tags  
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Many features of HTML have been gotten after the above process. Then we will standardize the 

features to make it more accurate. Examples as the following figure1 and Figure2. Figure1 is for the 

code of HTML and figure2 is the features withdraw automatically. 

<Form name=”searchadvformnew” method=”get” 

Action=”http://search.book.dangdang.com/search.aspx”> 

<input type=”text” name=”title”> 

<input type=”text” name=”author”> 

<input type=”text” name=”publisher”> 

<input type=”image” name=”search_btn”> 

</form> 

Fig. 1 The HTML code for web form 

InputType=text 

InputType=image 

Textname=title 

Textname=author 

Textname=publisher 

Imagename=search_btn 

Formname=searchadvformnew 

Action=http 

Action=search.book.dangdang.com 

Action=search.aspx 

Fig. 2 Features extracted from the web form automatically 

Naïve Bayes Classifier 

Classifier of Naïve Bayes is the most common of Probability-based classifier instructors
 [3]

. The 

classifier parameters are formed by the priori class probabilities 
)( jcP
  and class-based entry of 

conditional probability
)|( jt cwP
, determined entirely by the training set of documents have been 

marked。  The formula of each class jc  of priori class probability is such as the equation (1): 

||||
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DC

dcP

cP
Dd

ij

j
i

+

+

=

∑
∈

                  （ ）1  

In equation (1), ||C is the number for the class; || D is the text number of training in the 

collection. 
)|( jt cwP
 is estimated by the equation (2): 
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In equation (2),
)|( ij dwN
 are frequencies of features appear in the text id ; ||V  are on behalf 

of numbers of all the different features of term in text collection. For the text  id  , when id  is 

defined as belonging to category jc  , 
)|( ij dcP
=1, otherwise, 

)|( ij dcP
=0.  

For the text without annotations in test text set, we can be obtained the posterior 

probability
)|( ij dcP
by using the classifier has been trained. Characteristics of the first k-term in the 

text id  are expressed with kdw , .Formula as the equation (3): 

�
||

1

, )|()()|(
d

k

jkdjj cwPcPdcP
=

∝

                   （ ）3  

The weight estimates of inquiring interface feature  

It is need to create a model after getting the features of query interface. And it is also need 

evaluate the weight of the features by the method of statistics and mathematics in order to improve the 

classification accuracy. The famous weight function is the TF-IDF formula by Salton in 1988
[4]
.  

Recently, some scholars represent with the rationality of the TF-IDF to weight the features
 [5]

. 

They think that the useful word sheet is only small ratio and most word sheet is not relative to the type 

which needs to confirm, so they are noise word sheet. The noise may cover useful information and 

induce the classification accuracy. So we use a new method to adjust weight, which is to evaluate 

every feature with evaluation function. The new weight function is called TF-TEF function, TEF is 

for the evaluation function of the features. The TF-TEF function is as follows: 

)()()( ikikikik tTEFtTFtTEFTFw ×=−=
            （ 4）  

Among them, 
)( iktTF
are the frequencies of first k-term feature in the text id ,  

)( iktTEF
 is  

the evaluation function to rate various characteristics of term and reflect the degree of correlation 

between various types of entry. This article uses information gain as evaluation function (equation 

(5)). )(wP  is the probability of Feature words w ; )(wP  is probability of feature words w  not 

appear. 
)|( wcP t  means probability of  feature wordsw  to belong to the class tc . 

∑∑ +=
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    （ 5）  

Weight adjustment techniques are on the basis of feature adjustment to evaluation function, and 

not Simple feature selection. During weight-adjusted, the classifier role is modified the 

characteristics. The Calculation of 
)|( dcP j changes as the equation (6):  

)(||

1

,

,

)|()()|(
kjtTEFTEd
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jkdjj ctPcPdcP
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∝ �
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In equation (6), 
)( ,kdtTEFTF −
 is the new weighting function of feature entry kdt , . The higher 

weight means greater role in Naïve Bayes model, and the lower weight means smaller role .As 

)( ,kdtTEFTF −
=0, 

)|( , jkd cwP
 ceases actually. 

Experimental Design 

This article has selected 195 database interfaces from three areas under UIUC Web in order to 

verify the feasibility of classification algorithm of Web database. We conduct manual classification 

of these data sources by selecting randomly 10,20,30,40,50,60,70 deep Web query interfaces as 

training samples, the rest are test samples. 

Index of Web Database Categories can adopt precision, recall and F value. We suppose Web 

database of 1dw ， 2dw … ndw
,and predetermined categories of 1l ， 2l … nl .  TP assigned the idw

 

to the correct category il ; FN means not to assign the idw
 to the correct category il (Leakage 

points). FP Incorrectly assigned the idw
 to the il (False alarm), Then: 

RP

PR
，F

FNTP

TP
，R

FPTP

TP
P

+
=

+
=

+
=

2
1

              （ 7）  

The results shown in Figure 3.Firstly,the application of classification achieve accuracy of 89.4% 

and recall of 88.2% after training random sample of 30(Random 10 for each area).Secondly, the 

classifier performance is stable fundamentally, and the accuracy, recall and 1F  value wave in the 

small range with the increase of training sample. 
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Fig. 3 Accuracy, recall and 1F   

Conclusions 

Web data includes query interface and result. The classification of web data is the key to 

integrate classification and search. The paper discusses feature extraction from HTML and 

classification with naïve Bayes. The result shows that the method used in the paper can work well 
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with small samples. But the paper does not consider more content of the words, so it is our further 

study. 
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Abstract. The cavity, formed at the nose part of underwater launched vehicle due to the high 

launching velocity, will collapse while crossing water free surface and has a great impact on the 

strength of vehicle structure. In order to study the effect of the cavity collapse to vehicle structure, 

water exit dynamic analysis has been conducted. Before that, the computational model has been 

established. The external load, caused by cavity collapse, is assumed to be concentrated pulse forces 

applied on the vehicle at different time. And the flight vehicle structure is simplified into a free-free 

Timoshenko beam. The Fluid Structure Interaction (FSI) effect is treated as added mass and 

hydrodynamic drag force varying with wet surface area, which decreases with the water exit of 

vehicle. The dynamic response, excited by the external load, is calculated. Result presents the 

necessary of taking account of FSI and the influence of time space between the two concentrated 

forces. 

1. Introduction 

Because of the high velocity of underwater launched vehicle such as submarine-launched missile, the 

drop of the fluid pressure to its vapor pressure will give rise to cavity at the nose part
 [1]

. While the 

vehicle crossing water free surface, severe and complexly formed load will apply on the vehicle 

structure suddenly. The high pressure, caused by collapse of the cavity
 [2-4]

, is one of major load that 

leads to strong vibration. 

Besides the serious external load, the effect of adjacent fluid on the vehicle vibration can not been 

neglected
 [5-7]

. At low frequencies, the fluid appears to the vehicle structure like an added mass
[8]

. 

Moreover, the area of wet surface decreases as the vehicle moves out of water. The effect of 

surrounding fluid on the vehicle vibration changes accordingly. For the vehicle, the dynamic property 

is time-dependent. The vehicle during water-exit process can be a time-varying Fluid Structure 

Interaction (FSI) dynamic system. 

This paper deals with dynamic analysis of a slender underwater launched vehicle crossing water 

free surface. The external load caused mainly by cavity collapse is assumed to be two concentrated 

forces, applied on the vehicle at different time. And the flight vehicle is simplified into a free-free 

Timoshenko beam
 [9]

. The FSI effect is treated as added mass varying with wet surface area. Dynamic 

response of the vehicle subjected to external load has been calculated. The necessary of taking 

account of FSI effect during water exit has been proved. The transient calculation of different time 

space between the two concentrated forces has been conducted. The impact of cavity collapse on the 

strength of vehicle structure has been analyzed. 

2. Computational model 

When underwater launched vehicle moving in the water at high velocity, the fluid pressure dropping 

to vaporization pressure at the nose part will give rise to cavity. Besides water vapor, the gas 

originally in launching tube can be sucked in the cavity. When the vehicle crosses water free surface, 

severe and complexly formed load will apply on the vehicle structure suddenly. The Computational 

Fluid Dynamics (CFD) has been conducted to analyze hydrodynamic load formed during water exit. 

As Fig. 1 shows, the free surface and cavity deformation has been obtained. Moreover, the pressure 
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contour has been present. As the result indicate, when the vehicle crosses the free surface, the low 

pressure cavity bubble will collapse. The pressure gradient makes the water near the low pressure 

bubble flow into the original cavity at high speed. The water flow impacts the hull of vehicle severely, 

causing sudden pressure rise up at relatively small location. Therefore, the force trigged by cavity 

collapse is assumed to be mainly concentrated force F1 and F2. 
 

Free surface

Cavity
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Fig. 1 free surface, cavity profile, and pressure distribution / Pa 
 

Based on the CFD analysis, the water exit dynamic model has been established. As Fig. 2 shows, 

the cylinder shaped vehicle has the length of L=12.0m and diameter of D=1.60m. Compartment 

structure is widely adopted in underwater lunched vehicle. At the joint part between two chambers, 

there is 31% and 17% decrement of mass density and stiffness at the location of xD
 -1

= 1.24 and xD
 -1

= 

3.79. And mass and stiffness distribution at the other position are assume to be uniform along the 

vehicle. The concentrated pulse forces F1 and F2 , formed by cavity collapse, apply on vehicle vertical 

to the axis at different time. And there is time space ∆t between the two pulse forces. 
 

L

D
x

z
Free surface

o

hw

F1F2

 
Fig. 2 Configuration of computational model. 

 

When the vehicle moves underwater or crossing water free surface, the flow field is very complex. 

The fluid motion trigged by structure vibration is just a small part of flow field, and assumed to be 

linear small disturbance. Therefore, the water is treated as incompressible inviscid ideal fluid. 

Discretize the governing equations for water, and substitute into the structure dynamic equation. The 

structure dynamic equation considering FSI can be simplified into the following form: 

( )a+ + + =M M u Cu Ku F�� �                                                                                                                                (1) 

Compared with the vibration equation in vacuum, the structure dynamic equation considering FSI 

has an additional matrix 
a

M , which is added mass matrix. 

The underwater launched vehicle is cylinder shaped, thus the three-dimensional added-mass can be 

approximated by a strip theory synthesis, in which the flow at each section is assumed to be locally 

two dimensional. For the circular section, the added mass of a two-dimensional circular cylinder is 

precisely equal to the displaced mass of fluid 
[10]

. Convert the added mass into lumped mass matrix 
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form, the two nodes element below the water free surface, which needs to take the FSI into account, 

has the added mass matrix expressed as follows: 
2 2ij f e ijm R Lπρ δ=                                                                                                                                 (2) 

Where, ijm  is the element of added mass matrix, R  is the radius of local circular section, 
e

L  is the 

length of beam element, the subscript i  and j  is the degree of freedom on the orientation of 

deflection at each node that need to consider the effect of added mass. 

In order to verify the numerical method mentioned above, the frequencies of free-free uniform 

beam has been calculated. The uniform beam has the following properties of elastic modulus E=2.1

×10
10

Pa, mass pre unit length m=3.24×10
4
kg·m

-1
, moment of inertia of cross-section Iz=5.97×

10
-2

m
4
 and length L=12.0m. As table 1 show, the present numerical result and the result calculated by 

ANSYS agree well. 

 

Table 1. The comparison between the present result and ANSYS result. 

Mode 
In vacuum (Hz) 

 
Fully submerged (Hz) 

The present result ANSYS result The present result ANSYS result 

1 10.69 10.45 9.32 9.10 

2 27.62 27.28 24.06 23.78 

3 49.59 50.24 43.21 43.79 

 

As the vehicle move out off the water free surface, the added mass matrix and hydrodynamic darg 

force is updated at each time step. As a result, the property such as mode shape and natural 

frequencies are change accordingly. For transient calculation, the method of mode superposition, 

based on fourth order Runge-Kutta algorithm, is adopted to calculate the dynamic response. 

3. Transient analysis 

The sudden concentrated pulse forces F1 and F2, with the magnitude of 50.0kN, is applied both at the 

location of xD
 -1

=1.05. The initial nondimensional water exit height is hw0L
-1

=1.00. And, the vehicle 

moves out of water at the velocity of v=30ms
-1

. 

The transient caculation has been carried out. The internal moment and shearing force response has 

been obtained. To present the necessary of taking account of FSI, the comparison of moment 

distribution along the vehicle is shown in Fig. 3. As the result shows, the moment response presents 

distinct difference between the result with FSI and without FSI. 

 

M
y

 / 
k
N

·m

t /s

xD-1

 
Fig. 3 Configuration of moment distribution. 
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Genernally, the internal force responce level should be relieved, if FSI is taken into account. 

Bacuse the wet surface is constantly changing and the external load is applied at the cavity zone, the 

kind of FSI presents the unique phenomena. The numerical result indicates that the water exit can 

modify the structure property and has the tendency of deteriorating mechanical environment. 

Although the application of the sudden impulse load, caused by cavity collapse, lasts very short 

time, and there is no need to consider resonance, the time space between the two concentrated impulse 

forces can have influence on the response level. 

In order to analyze the effect of time space ∆t, the structure dynamic simulation of the vehicle with 

different concentrated force locations xF1D
 -1

 and xF2D
 -1

 have been conducted. The concentrated force 

F1 is applied at the location of xF1D
 -1

=2.10, The concentrated force F2 is applied differently at the 

location of xF2D
 -1

=2.10, 2.25 and 2.40. At each loaction, the transient caculation of different time 

space ∆t has been made. The curve of max moment along the vehicle vs time space ∆t is shown in Fig. 

4. As the increase of time space ∆t, the max moment magnitude climb up. At the point of ∆t=0.0025s, 

the magnitude reaches its peak. After that, the max moment drops and trends to be stable at relatively 

small value. 
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Fig. 4 Curves of max moment along the vehicle vs time space 

 

The system is assumed to be linear, and superposition is satisfied. This phenomenon indicates that, 

at certain time space ∆t, the response of the two forces can reinforce each other and cause the internal 

moment grow larger than usual. The same phenomenon happens to the shearing force response, and 

the max shearing force response along the vehicle vs time space ∆t has been drawn, as Fig. 5 shows. 
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Fig. 5 Curves of max shearing force along the vehicle vs time space 

 

The load casued by cavity collpase is assumed to be two concentrated forces applied on different 

time. The simulation result indicates that the time space between the two force has a significant 

influence on the internal force responce level. And the time space is determined by complex factors 
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during cavity collpase, such as head shape, piching angle, velocity and etc. The randomicity also 

makes this time space hard to control. Thus, in order to increase the vehicle structure reliability, it is 

critical to determine the max internal load. 

4. Conclusion 

Based on a simplified free-free Timoshenko beam model, the structure dynamic analysis of 

underwater launched vehicle crossing water free surface, including FSI effect, is conducted. The FSI 

effect is treated as added mass and hydrodynamic darg force varying with wet surface area, which 

decreases as the vehicle crossing free surface, has been introduced. The load casued by cavity collpase 

is assumed to be two concentrated impulse forces applied on different time. 

The dynamic response subjected to external load, which mainly is caused by the collapse of cavity, 

is calculated. There is an apparent difference between the FSI and non-FSI result, which presents the 

necessary of taking account of FSI.  

Because of the influence on dynamic response, the time space between the two force is found to be 

an important condition. Certain time space can cause the vehicle response larger than usual. Due to 

the uncontrollability of this time space value, it is nessary to to determine the max internal load to 

increase the structure reliability. 
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Abstract. In order to study dynamic behavior of vehicle-turnout-bridge coupling system, a 

vehicle-turnout-bridge dynamic analysis model is established by employing the dynamic finite 

element method (FEM). When No.18 crossover turnouts(with a speed of 350km/h) are laid 

symmetrically on the 6×32m continuous beam, influences of turnout/bridge relative position and 

wheel/rail contact relation in turnout zone on the system dynamic responses are analyzed. The result 

shows that: wheel/rail contact of turnout zone (especially the frog) has great effect on dynamic 

responses of turnout on bridge, thus the nose rail height of frog should be optimized to mitigate the 

wheel load transition and its longitudinal gradient. In terms of the 32m-span continuous beam, the 

best relative position is frog part of turnout arranged in the range of 1/8 and 1/4 of span. 

Introduction 

With the rapid development of high-speed railway, a lot of researches have been made in 

train/track/bridge dynamics both at home and abroad
 [1~3]

. Turnout is one of important railway 

infrastructures in high-speed passenger dedicated railway lines (PDLs). The dynamic optimization of 

turnout design remains a key problem that need to be solved because a turnout has complex structure 

and variable wheel/rail contact geometry. When it is laid on the bridge, two critical technologies need 

to be considered. One is longitudinal static interaction between bridge and turnout; the other is 

vertical and lateral dynamic interactions within train/turnout/bridge coupling system. There are many 

factors that have influences on the dynamic interaction of this system, such as vehicle’s type and 

speed, turnout’s type, track irregularity of turnout, foundation under rail, track stiffness, bridge 

structure type and stiffness, relative position between turnout and bridge, and so on.  

In this study, the dynamic performance of vehicle-turnout-bridge coupling system and optimization 

of its parameters for structure design are studied by applying a numerical simulation method through 

investigating such aspects as train’s running quality, rail stress state of turnout, vibration of turnout 

and bridge, deformation, etc. 

Vibration Model of Vehicle-Turnout-Bridge System 

Vehicle Model. This paper mainly studies the dynamic characteristics of vehicle-turnout-bridge 

system under high-speed running condition. Focusing on four-axle vehicle, a dynamics model is 

established. The carbody, bogies and wheels are all viewed as rigid body that has 5 degrees of 
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freedom (DOFs), i.e. lateral vibration, vertical vibration, side rolling, shaking, and nodding 
[4]
. The 

whole vehicle subsystem has 35 DOFs, see Table 1. 

Table 1 DOFs of four-axle vehicle model 

DOFs Lateral vibration Vertical vibration Side rolling Shaking Nodding 

Carbody YC ZC φC ψC βC 

Bogies(i=1，2) Yti Zti φti ψti βti 

Wheels(i=1～4) Ywi Zwi φwi ψwi βwi 

Model of Turnout on Bridge.Fig.1~Fig.3 is the vibration model of No.18 single turnout with 

movable nose rail on bridge and it has following features: 

(1)Vibration of each rail in turnout is considered. Sleeper supporting point is viewed as a node, and 

the rail structure is dispersed. Rail is regarded as an Euler-beam which is bendable vertically and 

laterally. Switch rail, movable nose rail and wing rail are non-uniform beams, and the rest are uniform 

beams. Each rail node has 4 DOFs, namely, vertical displacement and declination, lateral 

displacement and declination
 [5]
.  

(2)For ballasted track, eccentric load and bending deformation of sleeper are considered, while for 

ballastless track, vibration of the whole track bed is considered.  Rail’s buckle node is viewed as a 

node, and the sleeper is dispersed. Sleeper is viewed as a one-way bendable Euler-beam in vertical 

plane, and a rigid mass-block in lateral plane. Each sleeper node has 3 DOFs, i.e. vertical 

displacement and declination, lateral displacement. 

(3)The connection between rail and sleeper is viewed as a spring/damping system, whose stiffness 

and damping vary with the different supporting situation. The connection between track bed and 

sleeper is also viewed as spring/damping system, and the supporting stiffness and damping of the 

track bed are uniform distribution in the longitudinal of sleeper. 

Spring and damping 

of fasteners
Spring and damping 

of track bed

Stock rail

Wing rail

Spacer block

Nose rail

Switch rail

Sleepers

Bridge

 

Fig. 1 Plan of vibration model for turnout on bridge 

Sleeper or track slab

Spacer block Spacer block

       

轨枕或道床板

Wing railStock rail Nose rail

 

Fig. 2 Cross section of the switch part model  Fig. 3 Cross section of the frog part model 

(4)The girder is viewed as an Euler-beam with variable section. As to ballastless track, the rail and 

beam are directly connected, thus there are interaction between the two. As to ballasted track, the 

interaction between track and beam is disperse as a series of point-point interaction, and the action 

point is connected by linear spring and damping
 [6]
. 

Vibration Equation of the System. Vibration equation of this vehicle-turnout-bridge coupling 

system is established by adopting the FEM. Vehicle, turnout and bridge are dispersed as an integrated 

group of finite elements respectively. A proper displacement mode is chosen for each element. The 

kinetic energy and potential energy of each element and the whole system is calculated, and then the 

vibration equation is deduced via Hamilton theory. Therefore, vibration differential equation group of 
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the vehicle, turnout and bridge are obtained, as shown in Eq. 1[7]. 

),,(),()()(
••••

=++ uutPutKuCuM                                     (1) 

In Eq. 1, M is the total mass matrix of system; C is the total damping matrix of system, K is the 

total stiffness matrix of system; P is load vector of the system; T is time. 

When the vehicle passes each element in sequence at time T, the mass matrix, damping matrix, 

stiffness matrix and load vector of each carbody are at first obtained. Then according to the relation of 

vehicle/turnout and bridge/turnout, the mass matrix, damping matrix, stiffness matrix and load vector 

of the whole system are assembled. Park method is adopted to solve this vibration equation. 

Influences of Relative Position between Turnout and Bridge 

Calculation Parameters. No.18 crossover turnouts (with a speed of 350km/h) are laid symmetrically 

on the 6×32m continuous beam, and the foundation under rail is longitudinal continuous slab track. 

CRH3 EMUs passes the turnout through the main line at 385km/h; frog part of turnout is set on the 

third span of the continuous beam, considering its position change between the left and right pier. The 

influence of turnout/bridge relative position on turnout on bridge and vehicle’s dynamic responses are 

analyzed. 

Dynamic Responses and Its Analysis. Table 3 shows the change of dynamic responses varies with 

relative turnout-bridge position: 

(1)When turnout/bridge relative position changes, it causes the change of beam’s vertical deflection 

and rotation. When the frog moves from the left pier to the right pier, the vertical deformation of the 

beam first increases and then gradually decreases to 0. And the maximum deformation appears during 

frog’s moving from midspan to the right pier. Accordingly, the vertical rotation value changes from 

negative to positive and then becomes negative again. Fig.4 and Fig.5 show that the vertical 

deflection reaches its minimum near 1/8-span, and it becomes bigger near 3/8-span and during frog’s 

moving from midspan to the right pier. 

Table 2 Dynamic responses change with relative position of turnout/bridge 
Position of frog Left pier 1/8 span 1/4 span 3/8 span 1/2 span 5/8 span 3/4 span 7/8 span Right pier 

Dynamic wheel-load(kN) 188.1 185.0 178.4 179.4 178.4 186.0 182.9 187.0 187.0 

Flange force (kN) 58.7 59.7 60.0 58.7 58.1 58.7 58.7 58.7 58.7 

Wheel unloading rate 0.78 0.71 0.70 0.77 0.72 0.81 0.72 0.82 0.75 

Derailment coefficient 0.70 0.61 0.61 0.66 0.65 0.59 0.59 0.60 0.76 

Dynamic stress of rail (MPa) 159.4 166.6 171.2 177.4 183.3 187.4 193.2 197.6 201.0 

Excursion of switch rail (mm) 0.41 0.41 0.41 0.41 0.41 0.42 0.42 0.42 0.43 
Excursion of nose rail (mm) 0.46 0.29 0.39 0.44 0.37 0.26 0.46 0.30 0.39 

Lateral vibration acceleration of carbody (g) 0.036 0.036 0.036 0.037 0.037 0.038 0.037 0.037 0.037 

Vertical vibration acceleration of girder (g) 0.025 0.066 0.097 0.187 0.207 0.166 0.078 0.036 0.029 

Lateral vibration acceleration of girder (g) 0.022 0.025 0.029 0.039 0.037 0.033 0.031 0.025 0.024 
Girder's deflection 

at max wheel unloading rate(mm) 
-0.017 -0.034 0.008 0.094 0.291 0.318 0.263 0.092 0.003 

Vertical deflection change rate 
at max wheel unloading rate(0.001rad) 

-0.020 0.013 0.024 0.032 0.015 -0.035 -0.022 -0.039 -0.030 
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Fig.4 Vertical deflection distributing of beam Fig.5 Vertical deflection change rate of beam 
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(2)The turnout/bridge relative position has some but not significant influence on dynamic wheel load, 

flange force, vehicle running stability, excursion of switch rail and nose rail. Dynamic wheel load at 

the pier is slightly bigger than that at midspan, where the carbody’s lateral vibration acceleration is a 

bit smaller than that at the pier. 

(3)The maximum wheel unloading rate at the frog part of turnout increases with the increasing of 

vertical deflection change rate of beam. The change rate of vertical deflection becomes 0 near 1/8 of 

span, and the maximal wheel unloading rate is 0.69; near 3/8 of span, the vertical deflection change 

rate of beam reaches its maximal positive value, and the maximal wheel unloading rate is 0.77; near 

5/8 and 7/8 of span, vertical deflection change rate of the beam reaches its maximal negative value, 

and the dynamic wheel load is increasing, thus the maximal wheel unloading rates both exceed the 

allowable value, reaching 0.81、0.82 respectively. 

(4)Wheel/rail lateral force doesn’t change a lot with the change of turnout/bridge relative position, but 

the fluctuation of dynamic wheel load is great at the pier’s (where supporting stiffness is big) and in 

the midspan (where beam’s vibration) is violent. As a result, derailment coefficient of the vehicle 

increase significantly when the frog is at the left and right pier or near the midspan. Besides, as more 

vehicles run onto the bridge, the further the frog is from the left pier, the bigger the vertical and lateral 

deformation of beam become, and the rail’s dynamic stress increases linearly. 

(5)Continuous beam is usually a viable section structure. Near the pier the beam section is higher, and 

mass, vertical and lateral flexure stiffness of the beam are all bigger. Meanwhile, the pier restrains the 

vertical and lateral deformation of beam so that the beam’s vertical and lateral acceleration increase 

as frog moves to near the midspan. 

By comparison, when the frog part of turnout is arranged in the range of 1/8 and 1/4 of span, the 

dynamic responses of the whole system is small, so it is the best turnout/bridge relative position. 

Influences of Wheel/Rail Contact Relation in Turnout Zone 

Table 3 shows the design of wheel/rail relation at frog 
[8]
. The former is listed at the end of this paper. 

Table 3 Design of wheel/rail relation at frog 

Designs of  
Reduction value of nose rail’s height (mm) 

Horizont 
Rail base 

slope Twnr 5mm Twnr 20mm Twnr 22.5mm Twnr50mm Twnr 65mm 

Scheme 1 14 5.4 4 0 0 9 1:40 

Scheme 2 8 4.6 4 0 0 9 1:40 

Scheme 3 14 3 2.75 0 0 9 1:40 

Scheme 4 14 5.4 4 1 0 9 1:40 

Scheme 5 14 5.4 4 0 0 0 1:40 

Scheme 6 14 5.4 4 0 0 5 1:40 

Scheme 7 14 5.4 4 0 0 9 1:30 

Scheme 8 14 5.4 4 0 0 9 1:20 

Twnr =Top width of nose rail (mm) 

The results show that dynamic responses of the coupling dynamic system vary a lot when the 

wheel/rail relation changes, such as reduction value of nose rail’s height, rail base slope and how 

much nose rail is hidden horizontally by wing rail, etc. 

(1)At frog, when the top surface width of nose rail is within range of 20～50mm, wheel load is 

transited partially between nose rail and wing rail. If the top width is <20mm, when the longitudinal 

slope of nose rail top surface is reduced, the influence on the system is small. If the top width is 

=20mm, when the longitudinal slope (within the range of wheel load transition) of nose rail top 

surface is reduced by adjusting nose rail’s height, such responses as the dynamic wheel load, wheel 

unloading rate, derailment coefficient and vertical vibration acceleration of girder are greatly 

reduced. When nose rail is restricted by the mechanic and electric integration structure at the first 
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traction point, longitudinal slope of its top surface can only be reduced by decreasing the height 

reduction value of nose rail which has a top width of 50mm. 

(2)The less the tip of nose rail is hidden horizontally, the greater the lateral and vertical irregularity 

of track become, and accordingly the dynamic responses strengthen.  

(3)LMA wheel tread was used for EMUs. As the rail base slope increases from 1:40 to 1:20, the 

vertical irregularity caused by the change of wheel/rail relation decreases. So do such responses as the 

dynamic wheel load, wheel unloading rate, derailment coefficient and vertical vibration acceleration 

of girder. But the vehicle’s lateral vibration acceleration increases due to the expansion of wheel load 

transition caused by the increase of rail base slope. 

Summary 

According to the study, the following conclusions can be made：  

(1) Dynamic interactions strengthen when a turnout is laid on a bridge where it is further excited by 

bridge deformation and vibration. Therefore, it should be judged from such aspects as train’s safety 

and comfort, structure intensity of turnout and dynamic evaluation indicators of turnout and bridge 

structure to estimate whether the bridge structure meets the laying requirement of turnout or not. 

(2)With the change of frog’s position on bridge, dynamic responses of vehicle-turnout-bridge 

coupling system vary a lot. The derailment coefficient of the EMUs increase significantly when the 

frog is at the left and right pier or near the midspan; maximal wheel unloading rate increases 

significantly as the change rate of vertical deflection increases; the beam’s vertical and lateral 

acceleration increase as frog moves to near the midspan. As for 32m-span continuous beam, the best 

turnout/bridge relative position is the frog part of turnout arranged in the range of 1/8 and 1/4 of span. 

(3) Responses of coupling dynamic system vary a lot when the wheel/rail relation changes in turnout 

zone. The reduction value of nose rail’s height, rail base slope and how much nose rail is hidden 

horizontally by wing rail should be more optimized. 
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Abstract. Texture mapping of plant leaf is a challenging task because of the shape diversity. Based on 

the barycentric mapping parameterization method, a novel algorithm is proposed. A suitable 

boundary mapping is computed by automatically extracting and matching the feature points on 

boundaries of the mesh and image. The matching process consists of two steps, which utilize the 

symmetry and curvature information respectively. Through iteratively minimizing a weighted energy, 

the inner constraints given by users in order to make the details clearer can be satisfied by the 

presented algorithm. Experiments show that this robust algorithm can produce plant leaves with fine 

texture details and increase the realism of the models. 

Introduction 

Plant visualization is a key component in virtual agriculture. The triangle mesh of plant with its 

related texture image would be more realistic and easily edited on computer, such as animation, 

morphing, and shape analysis. Texture mapping of a given triangle mesh with its texture image is 

implemented by the parameterization technique, which computes a bijective mapping between the 

mesh and image. 

Parameterization technique has been studied extensively over the past decades. There are many 

parameterization methods based on Tutte’s barycentric mapping theorem [1, 2, 3], where boundary 

mapping should be computed in advance. Generally speaking, the boundary of the parameter domain 

should be a regular one, such as a square or a circle, which would not be appropriate for the 

complicated plant model. As a crucial step in the parameterization process, boundary mapping will 

greatly affect the validity and conformality of the parameterization results. 

Leaf is a major organ of the plant. Compared with other models, the boundary mapping is hard to 

construct due to its various shapes. Noting that every kind of leaves more or less has some feature 

points on its boundary, the structure will be much simplified if we make use of these feature points to 

separate the boundary into several parts. However, most existing methods specify these points by 

hand, which reduce the efficiency a lot. 

Presented is a novel approach which automatically produces a suitable boundary mapping for the 

parameterization of leaf mesh based on feature points. With this boundary mapping, the 

implementation of texture mapping will be simple and effective. In addition, our algorithm can also 

effectively solve the common problem that the users want to constrain some inner points to the given 

positions in order to keep texture details better. 

Method 

There are two processes in our algorithm, which are called boundary mapping process and mesh 

parameterization process respectively. 

© (2011) Trans Tech Publications, Switzerland
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Boundary mapping: The boundary curves of mesh and image could be obtained by classical 

segmentation method [4]. And the feature points on their boundaries could be extracted by 

Douglas-Peucker algorithm [5] for its simplicity. 

The most important problem is how to match the feature points between mesh and image 

boundaries. To solve this problem effectively, we adopt two matching procedures as follows.  

Firstly, the coarse matching of feature points is achieved easily through the symmetry information, 

which is supplied by applying Principal Component Analysis (PCA) algorithm to all points in mesh 

and image. Fig 1 is an example which illustrates feature points and symmetry information in mesh and 

image. The symmetry axes separate the boundaries into two half-boundaries.  

 

 
Fig. 1 Feature points and symmetry information in mesh and image 

 

Secondly, the exact matching procedure will be executed. In this key step, two properties of every 

feature point are computed. One is the chord length relative to the half-boundary which it belongs to. 

The other is the signed curvature where positive means convex at that point. Considering that the 

boundary in image can be approximated by the polygon which is outlined with the feature points, we 

apply discrete differential geometry theory [6] to compute the curvature at a boundary point v  both in 

mesh and image as follows:  

 

α=)(vK                                                                                                                                              (1) 

 

where α is the signed exterior angle at point v , as shown in Fig 2. 

 

 
Fig. 2 Curvature of boundary point in mesh and image 

 

After assigning the two properties described above, we execute the following steps in order to 

match feature points exactly (only take the left-half-boundary for example). 

1. Select n  feature points in mesh and image respectively according to the modulus of their curvature 

in descending order.  

2. Classify the feature points into positive and negative categories according to their curvature values, 

and descendingly sort them in mesh and image respectively. After this step, we have four sets of 
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feature points, i.e. the convex and concave point sets for mesh and image: CVmesh = {cvm1, 

cvm2…}, CCmesh = {ccm1, ccm2…}, CVimage = {cvi1, cvi2…}, CCimage = {cci1, cci2…}. 

3. As for feature point cvm1, search the most corresponding point in set CVimage by their difference 

of the chord length. If the least difference satisfies a given threshold, these two points are matched. 

Otherwise, there is no corresponding point in image for cvm1. The remaining points in CVmesh 

and CCmesh can be processed in the same manner. 

When the two matching procedures are finished, some of the feature points on both boundaries are 

matched. These points separate the boundary into several parts that look like straight lines, so we can 

parameterize the mesh boundary piecewisely. The feature points on mesh boundary would be 

parameterized onto their related positions on image boundary. 

 

Mesh parameterization: In this part, the whole mesh is parameterized through minimizing the 

following function according to the boundary condition as computed above. 
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where the famous cotangent weight ijK  is computed as in [2]; kα  is the weight of the kth constrained 

point; E , C , B  stand for the edge set of the whole mesh, the constrained point set given by users and 

the boundary point set respectively; ip  is the parameter coordinates of the ith mesh vertex; 0

kp  and 
0

bp  denote the parameter coordinates of given constrained positions and boundary conditions. 

Note that if users do not give additional constraints for inner points, which means all weights kα  

are zero, the function degenerates to the classical one in [2]. If users constrain some inner points’ 

positions, we set all weights 1=kα  for initialization. The function (2) should be minimized 

iteratively by updating kα  as follows until convergence.  

 

{ }k
k

k d
d

min
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where kd is the distance between current and specified positions of vertex kp  in previous iteration. 

By this rule, the conformality of the parameterization can be well preserved while the inner 

constrained conditions are satisfied. 

Results 

The developed algorithm is used to map the leaf image onto its original mesh. Two different kinds of 

leaves which can represent most leaf shapes are used in our experiments in order to show the 

efficiency and robustness of our algorithm. One is tobacco leaf which is long and thin. This kind of 

leaves looks like an ellipse, so the number of feature points is less. The other is cucumber leaf whose 

boundary has more feature points. The shape is so complicated that the desired boundary mapping is 

hard to obtain by traditional methods. 

In the exact matching procedure, we set 6=n . Fig 3 shows the experimental results. Fig 3 (a) and 

(b) are the original meshes of tobacco leaf and cucumber leaf, and Fig 3 (c) and (d) are their 

corresponding texture images. Fig 3 (e) and (f) are the parameterization results, while Fig 3 (g) and (h) 

are the texture mapping results. It is displayed clearly that the leaf’s features, not only the feature 

points of the boundary but also the details such as the veins, are mapped successfully with its texture 

image. The whole leaf meshes with texture images are more realistic. 
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Note that in Fig 3 (e) and (g), users constrain two extra inner points (red) in order to guarantee the 

long vein is mapped correctly. 

 
Fig. 3 Texture mapping experiments 

Conclusions 

Presented is an automatic algorithm for the texture mapping of plant leaf model. After feature points 

of boundaries are extracted, it takes two steps called coarse matching and exact matching to complete 

the matching process which is the most important mission. Then the boundary mapping is computed 

through piecewise chord length parameterization so that the parameterization of the whole leaf mesh 

is constructed. Besides, users can also specify some inner constraints for the purpose of obtaining a 

more realistic model. Experimental results show that the algorithm can produce a good texture 

mapping of the leaf model. Two typical kinds of leaves are tested to show our algorithm is robust to 

various leaf shapes. 
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Abstract: Using GIS(Geographic Information System), GPS(Global Positioning System), 

GPRS(General Packet Radio Service) and RFID(Radio Frequency Identification), an intelligent 

control mining management system in an open pit has been designed and developed. A linear 

programming model is set up in a practical application. By the model, the system can automatically 

draw up production plan of ore blending well every day. The system can monitor and dispatch 

open-pit trucks and shovels well, and can play back their historical paths. It can monitor and control 

the process of mining production in real time. By RFID, The system can also count the number of 

trucks’ delivery and shovels’ loading automatically. Experiments on real scenes show that the 

performance of this system is stable and can satisfy production standards of ore blending in open pits. 

Introduction 

The intelligent management system of mining production in developed countries has become 

mature. In some mines, special measures adaptable to local conditions have been taken to control ore 

mining. Especially, computer technologies are applied to control and manage all processes of mining, 

transportation, processing and storage for controlling in ore quality. For example, DISPATCH system 

of American Module Company is highly mature and universal. It has developed into the 

decision-making platform with omni-directional mining production management and control system, 

namely Intellimine[1]. In Minntac Mine, USA, the approach that loading by shovel-unloading orderly 

by railway vehicles is adopted to control the balance of ore quality. The ore quality control system 

dispatches trucks and railway vehicles by computer. The computer networks of ore mining have also 

been applied in other developed mines such as Newman iron ore and Paraburdoo mine in Australia. 

Another example is the dispatch system of Hibbing Taconite Company in America. The computer 

control center is connected with the vehicles dispatched by computer in this system. With the 

communication of dispatched vehicles’ terminals and other information terminals, the workers can 

command each process in ore blending well according to the changes of ore quality[2]. The 

fundamental cause of their success in ore mining management is strict and meticulous control system 

and scientific, advanced technical means. 

In most domestic mines, many management systems of mining production only just use 

computer-related technologies to manage a part of mining production. For instance, to set up ore 

blending model, such as linear programming, 0-1 integer programming and so on. The model can 

make short-term quality production plan in mines. However, the systems can’t control and manage 

the entire ore production process in real-time. The control in entire ore production process is one of 

the most aspects to keep the stability of ore quality and develop digital mine. So, this paper puts 

forward that using GIS/GPS/GPRS/RFID technologies and linear programming model, the system 

can implement the real-time control in ore quality, automatically draw up scientific and rational 

short-term ore blending plan, count the number of trucks’ delivery and shovels’ loading automatically 

and dynamically track, dispatch and manage the production equipments to implement ore blending in 

an open pit. 
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GIS/GPS/GPRS/RFID 

The Geographic Information System (GIS) is one kind of computer system gathering, storing, 

managing, analyzing, demonstrating and applying geographic information[3].  The task of an 

intelligent control mining management system in open pits is to track, monitor and manage 

production equipment, which depends largely on geographic spatial information. Therefore GIS plays 

an important role in visual supervisory systems of ore blending, real-time dynamic management and 

assistance in decision analysis.  

The Global Positioning System (GPS) is a satellite-based navigation system made up of a network 

of 24 satellites placed in orbit. With GPS, the intelligent control mining management system provides 

accurate position (latitude and longitude), speed, bearing, time, track and more basic information of 

trucks and shovels[4]. Besides, the accurate position of much-pile boundary and blasting holes can be 

calculated by GPS units. The ore quality of much-pile boundary and blasting holes can be monitored 

in electronic map. 

The General Packet Radio Service (GPRS) is one of GSMPhase2+ standard realization contents 

and can provide fast data transmission speed6. The intelligent control mining management system in 

open pits largely uses the advantages of GPRS such as faster speed and instant connections as the 

need arises and charging by amount of data. It can provide real-time wireless transmission and is very 

quick without a dial-up modem connection to GPS equipment for position information. That is very 

important because GPS position information has room for only a small amount of data and needs to be 

transmitted frequently. So this system can make good use of GPRS to transmit GPS position 

information and other information. 

Radio Frequency Identification (RFID) is one kind of non-contact automatic recognition 

technologies. The intelligent control mining management system mainly use RFID long-distance 

recognition technology to improve the poor working conditions, in which the drivers have to record 

the workload by the manual way before. Then by RFID technology, the system can trace the ore 

real-timely to provide the basis for ore blending plan. 

Principle of intelligent control mining management system 

Structure of intelligent control mining management system 

 
 

 

 

Fig. 1 Intelligent control mining management system structure 

The intelligent control mining management system is composed of mobile terminals and RFID 

tags carried by vehicles, RFID readers, a communication network and a dispatching center, as shown 

in Fig. 1. In this system the mobile terminals receive GPS signals and then calculate the latitude, 

longitude, angle, elevation and speed of the vehicles. The expansion interfaces of mobile terminals 

can also meet many examination and control lines to obtain the information from the vehicles. When 

trucks arrive at the crushing station, RFID tag attached on trucks enters the scope of RFID read-write 

antenna, the tag can receive the radio-frequency signal sent by the reader. The tag is powered by the 

RF field generated by the reader. Upon being 'powered-up', the tag will continuously transmit its data, 

by damping the incoming RF power field. Then the reader can transmit the data to the GPRS wireless 

data transmission terminal through the RS232 connection. Each kind of information is transmitted to 

the monitoring center through GPRS and internet. GPRS, as a telecommunications network between 
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the mobile terminals and dispatching center, mainly transmits the information on position and 

condition of the vehicle and information in case of an alarm, to the dispatching center, which in turn 

transmits dispatch and control commands to the vehicles. In the dispatching center, the 

communication server, the database server and the console are connected by a 100M local area 

network. The dispatching center under control of the system software system receives and processes 

all kinds of information coming from the controlled vehicles. The position, ore grade and other 

information of the shovels are displayed at multimedia monitors and electronic maps in the 

dispatching center and from these the vehicles can be monitored and dispatched. Besides, the system 

may establish other centers having monitoring and dispatch subsystem in the different regions. This 

sub-center having the independent or the relatively independent monitoring dispatch functions can be 

controlled in the center [6]. 

The model and algorithm 
1) Linear programming 

For the actual mine production, the model of multi-shovels and multi-crushing stations is set up. 

Assume that the amount of shovels is m, the amount of crushing stations is n, the amount of ore from 

shovel(i) to crushing station(j) is xij, the ore grade supplied by shovel(i) is gfi, the ore grade needed by 

crushing station is gsj. The constraint conditions are as follows[5]: 

a) The quantity of supplied ore and production capacity of shovels: The quantity of ore supplied 

by shovels should be within their range of production capacity and meet the requirement of 

production task. That is: 

1

( 1, 2,..., )
n

i ij i

j

Q x A i m
=

≤ ≤ =∑
. 

xij is the ore amount supplied by shovel(i) for crushing station(j); Ai is the most ore supplied by 

shovel(i); Qi is the production task of shovel(i); 

b) The least task of crushing station: In the ore blending plan, each crushing station will be 

assigned with least task. Assume that the least production task of crushing station(j) is Qjr, that is: 

1

m

ij jr

i

x Q
=

≥∑
. 

c) Non-negative constrain conditions: The ore amount supplied by shovel for crushing station 

can’t be negative, that is: 

0 1,2, , 1,2, ,ijx i m j n≥ = =� �

. 

d) Objective function:The target ore grade of mine is g and The error range should be less than 5%. 

According to the actual production in mine, the deviation from actual ore grade and target ore grade in 

every crushing station should be smallest in the objective function, that is: 

∑ ∑
= =

+−
=

n

j
fi

m

i
ijnjj
gxQQQQs

1 1
111

)......(min

. 

Of which, gfi is the ore grade supplied by shovel(i); Qj is the task of crushing station(j). According 

to actual mine requirement, this model is optimized by adding new constrain, that is: 

gQx g sjj

m

i
ij

fi

•≥∑
=1

. 

The model is solved by the two-stage method. At the first stage, add many new non-negative 

variables (xn+1, xn+2, …, xn+h) to the model. The purpose is that m-moment unit sub matrix is included 

in the coefficient matrix A(A=(bij)m×(n+h)（i=l, 2, …, m; j=l, 2, …, n, n+1, …, n+h）) of  new composed 

initial simplex table. 

At the first stage, use the minimum sum of all artificial variables added as its objective function, 

that is: 

1

1

min
n h

i

i n

Z x
+

= +

= ∑
. 

(5) 

(6) 

(1) 

(2) 

(3) 

(4) 
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If the optimal solution of Z1=0 can be obtained, all the added artificial variables are non-basic 

variables, while m variables before added are basic variables. There is an m-moment unit sub matrix 

left in the coefficient matrix when the corresponding column of artificial variables are deleted. 

Assume that it is the initial feasible base B0, then turn to the second stage of the two-phase method to 

solve the problem. Otherwise, there is no feasible solution for this problem. 
2) Computation of ore quantity 

 
Fig. 2 Statistics algorithm schematic drawing 

In system, a RFID reader is carried by each shovel in the loading mine position A and the other 

reader is fixed in the crushing station B. Then each tag is attached to each truck C, as shown in Fig. 2. 

It is assumed that Distance(C, A) is the distance between truck C and each shovel A, and Distance(C, 

B) is the distance between truck C and the crushing station. R1 is the scanning distance of the reader 

carried by shovel. R2 is the scanning distance of the reader fixed in crushing station. The value of R1 

and R2 depends on the actual situation in open pit. For example, R1= R2=10m. The algorithm is to 

judge Distance(C, A) and R1 , Distance(C, B) and R2 to compute the number of transportation. And by 

this, ore quantity can be computed approximately. 

Intelligent control mining management system in Sandaozhuang open pit 

The Sandaozhuang open pit is part of the Luoyang Luanchuan Molybdenum Industry Group Inc. 

Rotary drilling machines, shovels and trucks are used in this mining process. The intelligent control 

mining management system in this open pit consists mainly of terminals, tags, readers and 

management software of mining production. And the software system is composed of modular 

subsystems. Software constitution and its leading  function is as follows: 
1) GIS monitoring dispatch subsystem 

This part can be installed in the monitoring center mainly to manage, dispatch and monitor trucks 

and shovels. Its leading function is as follows: 

Vehicles display: display some truck or shovel by different ways, different colors and different 

marks; don’t display some truck or shovel according to command. 

Historical paths’ playback: play back the travel path of some truck in some time on the electronic 

map. 

Trucks localization inquiry: inquire current position, speed, condition and driver so on of some 

truck at any moment. 

Instruction dispatch: the monitoring center can send out the text dispatch instruction; the terminal 

carried by trucks will clue on remarkably by the red indicating lamp and display the dispatch 

instruction on the terminal. The topic application is shown in Fig.3. 

                       

Fig.3 GIS monitoring dispatch interface       Fig.4 Making ore blending plan 

 

Crushing 

station B 

 

Shovel A 

Truck C 
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2)  Intelligent  ore blending management subsystem 

The function of this subsystem is mainly to implement the production management of ore 

blending for shovels in dispatching center, including the automatic drawing up of ore blending plan 

and dynamic monitoring and controlling the mining operation process of shovels in real time. The 

main functions are follows: 

Muck-piles’ management: import the coordinate data of the holes and the boundary of muck-piles, 

and ore grade of holes; then the holes and the boundary of muck-piles can be shown in the electronic 

map; according to the ore grade of holes and other properties, random shape ore block in the map can 

be selected by circularity or polygon and its average grade of ore and its quantity can be calculated 

automatically. 

Drawing the isoline of ore grade: on the basis of muck-piles’ data, different grade values can be 

randomly set and according to this, different isoline of ore grade can be drawn in different colors in 

the map; the quantity of ore in different area which is divided by isoline also can be calculate. 

Making ore blending plan: by the linear programming model, the plan of ore blending every day 

can be worked out according to the current ore grade, ore loose coefficient and ore lithology of work 

zone, the shovels’ production capacity and the task, capacity and target ore grade of crushing 

station.The topic application is shown in Fig.4. 
3) The ore quantity statistics subsystem 

Its function is to record the quantity delivered by trucks and the quantity loaded by shovels. The 

concrete function is as follows: 

Take count of trucks’ delivery: count accurately each truck’s delivery quantity from shovels to 

crushing stations during some time interval by RFID and weighing machine; the interval can be set by 

users; the statistical results can be transformed to report forms of class, month and season according to 

users’ need. 

Take count of shovels’ loading: count accurately each shovel’s loading quantity during some time 

interval; the other functions are the same as the above. 

Summary 

1) The intelligent control mining management system in an open pit based on 

GIS/GPS/GPRS/RFID, uses multi-technologies to control the mining production in the open pit. The 

practical application indicates that it improves the mineral labor production ability and the production 

scheduling efficiency greatly and saves the investment and transportation costs. 

2) Through the linear programming model and ore quantity computation algorithm, the system 

changes the irrationality that making the ore blending plan according to subjective experience and 

mining ore quantity is inaccuracy. It reduces the effects of human factors on production process and 

provides the scientific basis for ore blending in the open pit. 
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Abstract. Min-max-min programming is an important but difficult nonsmooth programming. An 

aggregate homotopy method was given for solving min-max-min programming by Bo Yu el al. 

However, the method requires a difficult to verify weak-normal cone condition. Moreover, the 

method is only theoretically with no algorithmic implementation. In this paper, the weak normal 

cone condition is discussed first. A class of min-max-min programming satisfying the condition is 

introduced. A detailed algorithm to implement the method is presented. Models arising from some 

applications such as support vector machine for multiple-instance classification in data mining, can 

be included in the problem. In the end, the aggregate homotopy method is given to solve the 

multiple-instance support vector machine model. 

Introduction 

Min-max-min programming arises in many applications such as engineering design, circuit design, 

heat exchange, data mining and etc (see [1,2,3] and etc. for reference). However, because of its 

non-smoothness and non-convexity, existing methods to solve the problem are few. 

In [2], the problem of minimizing a real-valued function f(x) subject to a constraint of the form 

11
maxmin{ ( )} 0,

i
ij

j li r
f x

≤ ≤≤ ≤
≤ is considered. A transcription technique was introduced such that existing 

software for smooth nonlinear programming can be suitable to solve the problem. However, the 

method needs some extra auxiliary variables, whose dimensions depend on the number of “max” 

and “min” constraints. If the number increased, the dimension of transformed problem will become 

very large.  

Aggregate function approximation is an attractive smoothing technique for max-type nonsmooth 

optimization problem. In [3], an adaptive smoothing method was given for unconstrained 

min-max-min problems based on the aggregate function smoothing the inner min-function. 

Based on the aggregate smoothing technique and a global convergent homotopy method, an 

aggregate homotopy method was presented to solve the following general min-max-min 

programming ([1]) 

                    
11

11

min  ( ) maxmin{ ( )}

. .   g(x)=max min{ ( )} 0.

i

i

ij
j li m

ij
j pi k

f x f x

s t g x

≤ ≤≤ ≤

≤ ≤≤ ≤

=

≤
                                (1) 

Compared to some existing methods for solving min-max-min programming, the new method 

doesn’t require any extra variables or solve any extra sub-problems, and it’s globally convergent. 

However, the convergence of the method is only for problems whose constraint set satisfying a 

so-called weak-normal cone condition. For many problems, it’s difficult to verify whether the 

condition is satisfied. Moreover the work in [1] is only theoretically and doesn’t present 

implementable algorithm.  

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.669

WWW.BEHSAZPOLRAZAN.COM



 

The paper aims at given some detailed discussions on the weak-normal cone condition with an 

implementable algorithm. Moreover, the application of the method to multiple-instance support 

vector machine will be introduced.  

Discussion of weak-normal cone condition and implementable algorithm. 

Aggregate homotopy method is an efficient globally convergent method to solve min-max-min 

programming. However, the convergence requires an extra weak-normal cone assumption ([1]). For 

purpose of applications, it’s necessary to give some detailed analysis on the assumption. 

Proposition 1. Denote 1 { :  g ( ) 0,1 ,  1 },n

ij ix R x i k j pΩ = ∈ ≤ ≤ ≤ ≤ ≤ if 1Ω has nonempty interior, 

and component functions ( ) ( 1, ,  1, , )ij ig x i k j p= =… …  are convex functions, then min-max-min 

programming defined as (1) is regular and the feasible set satisfies the weak-normal cone condition. 

Proof From all ( ) ijg x are convex functions and 1Ω has nonempty interior, there exists a 1

1,x ∈Ω  

such that for arbitrary x  satisfying ( ) 0,ijg x =  it has 

                           1( ) ( ) 0.T

ijx x g x− ∇ <                                  (2) 

If the weak normal cone condition ([1]) doesn’t hold, then there exists a closed subset 1N ⊂ Ω  and 

a ,x N∈  such that 
1

( ) ( ) ( ) ( )

( ), 0, 0,
i i

i ij ij i ij

i II x j JJ x i II x j JJ x

x x g xρ η ρ η
∈ ∈ ∈ ∈

= + ∇ > >∑ ∑ ∑ ∑                 (3) 

where 
i
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( ) { {1,  , k}: g(x)=min g (x)},II x i
≤ ≤

= ∈ …  
i

i i ij ij
1 j p

JJ ( ) {j {1,  , p }: g (x)=min g (x)}.x
≤ ≤
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(3), it has 
1 T

( ) ( )

(x -x) ( )>0,
i

i ij ij

i II x j JJ x

g xρ η
∈ ∈

∇∑ ∑  

which contradicts to (2). As a result, the weak normal cone condition holds only if all ( ) ijg x are 

convex functions and 1Ω has nonempty interior. 

The aggregate homotopy method establishes an aggregate homotopy equation ([1]), the equation 

determines a smooth path approaching to a solution of the problem. In the following, a framework 

of an Euler-Newton predictor-corrector algorithm is given to path-following the smooth path.  

Euler-Newton Predictor-Corrector Algorithm 

Parameters. p N>0, >0, >0, h>0;θ ε ε  

Step 0 (Initialization). Take an initial point (0) (0)

0 ++ 0 0 n+1=(x , ) N R , t =1, d =[0 ; -1],  k=0;ϖ α ∈ ×  

Step 1 (Euler Prediction Step). Solve the linear equation 

( )

k

1T

0

( ,  t ) 0
d =

1         d

kDH ϖ   
   
    

 to obtain a unit 

tangent vector 1
1

1

d
d = ;

d
 predictor point (k) (k)

k k 1( 1 , t1 )=( , t )+hd ;ϖ ϖ  

Step 2 (Newton Corrector Step). Solve equation 
( )

1

( ,  t)
0

[ 1 ;  1 ]T k

k

H

d t t

ϖ

ϖ ϖ

 
= 

− − 
 by Newton iterations 

with stopping criteria Nε  to obtain a new point ( 1)

1( ,  );k

ktϖ +
+  

Step 3 (Termination rule). If 1 ,k pt ε+ <  the algorithm is terminated and ( 1)kϖ +  is the solution; else, 

k=k+1, go to Step 1. 

Application to multiple-instance support vector machine models. 

Multiple-instance classification is an important problem in data mining. It was first given in [4] to 

determine whether a drug molecule is a musk molecule. The problem can be formulated as: 
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Suppose every data in the training set is a bag, which consists of several instance, there is a label for 

every bag. If a bag iA  is labeled as a negative bag, then all instances in the bag are negative points, 

and if a bag iB  is labeled as positive, then at least one instance in the bag is a positive point. Based 

on the labeled training bags, the goal of multiple-instance classification is to generate a classifier 

(decision function), such that the classifier can make a prediction to unknown bags.  

Since the multiple-instance classification was given, it has been used extensively in many 

applications such as image retrieval, stock prediction and etc. Up to now, it’s seen as the fourth 

machine learning framework in machine learning fields (more introductions can be seen from the 

reference [5]). In [6], the mature Support Vector Machine (SVM) method was generalized first in 

machine learning to solve multiple-instance classification, and the following non-smooth problem 

was obtained,  
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∑

，

                         (4) 

where iP  is the index set of the instance in the ith positive bag, j

iB is the jth instance in the ith 

positive bag, iN  is the index set of the instance in the ith negative bag, j

iA is the jth instance in the 

ith negative bag, n+ denotes positive bags number and n− denotes negative bags number, 

m n n+ −= +  is the total bags number. 

All component functions in (4) are linear functions, and a strictly interior point is easy to find. From 

Proposition 1, model (4) is solvable by aggregate homotopy method.  

By taking the initial point as (0) (0) (0) (0)

1 0 1( , , , , , , ) (0, 0,0, 2, , 2)n mbϖ ϖ ξ ξ =… … … … , two test data, 

MUSK-1 and MUSK-2 ([6]), are chosen for comparisons of the aggregate homotopy method (AH) 

with methods MI-SVM([6]) and mi-SVM ([6]). The results on prediction accuracy are listed in 

Table 1. From the results, it can be seen that aggregate homotopy method is efficient for solving 

multiple-instance classification.  

Table 1.  Results of three methods  

Data Set AH MI-SVM mi-SVM 

MUSK-1 85.7% 83.1% 87.4% 

MUSK-2 90.7% 84.3% 84.9% 

Acknowledgement 

 The research is supported by the Fundamental Research Funds for Huazhong Agricultural 

University (52204-09146). 

References 

[1] B. Yu, G.X. Liu and G.C. Feng: The aggregate homotopy method for constrained sequential 

max-min problems, Northeast Math. Vol. 19(2003), p. 287-290. 

[2] C. Kirjner-N and E. Polak: On the conversion of optimization problems with max-min 

constraints to standard optimization problems, SIAM J. Optim., Vol. 8(1998), p. 887-915. 

[3] E. Polak and J.O. Royset: Algorithms for finite and semi-infinite min-max-min problems using 

adaptive smoothing technique, JOTA, Vol. 119(2003), p. 421-457. 

Shaobo Zhong, Yimin Cheng and Xilong Qu 671WWW.BEHSAZPOLRAZAN.COM



 

[4] T.G. Dietterich, R.H. Lathrop and P.T. Lozano: Solving the multiple-instance problem with axis 

parallel rectangle, Artificial Intelligence, Vol. 89(1997), p. 31-71. 

[5]  Information on http://cs.nju.edu.cn/zhouzh/zhouzh.files/publication/techrep04.pdf. 

[6] S. Andrews, I. Tsochantaridis and T. Hofmann: Support vector machines for multiple-instance 

learning, in: Adv. Neural Inform. Proc. Sys., 561-568(2003). 

 

 

 

672 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



Foreground extraction based on dual-camera system  

Li Jue1, a  
1School of Statistics and Mathematics, Zhejiang Gongshang University, Hangzhou,China 

ajuelee@gmail.com 

Keywords: Dual-camera system, stereo image pair, Residual image, Foreground extraction. 

Abstract. This paper presents an automatic foreground segmentation algorithm for stereo image 

pair captured by a dual-camera system. Being different from the monocular image, binocular 

images contain the disparity map between the stereo image pair. For the disparity map is 

computationally expensive, our approach adopts the residual image with spatial displacement 

( x∆ , y∆ ) to segment the initial trimap automatically. From the residual image, rough region of 

foreground is clustered as the initial trimap of GrabCut algorithm. Compared with a rectangular 

region, the calculated trimap is more accurate. After running GrabCut algorithm, the images are 

segmented into foreground and background layers that comprises of the front objects and back 

environment. Experimental segmentation results with the original images captured by the 

dual-camera system indicate that our approach is efficient and promising. 

Introduction 

Foreground/background segmentation of photographs is a popular computer vision problem and 

has many important applications. It has long been an active area of research. The challenge of this 

problem is to segment the foreground/background layer both accurately and efficiently. For most 

existing methods concentrate on monocular image, which are either computationally expensive or 

require manual initialization, for instance, magic wand[7], intelligent scissors[4], graph cut[5,6], 

GrabCut[1,2] and so on. These efficient and accurate methods need user interaction to get an initial 

user-define trimap. 

In this paper, we study the problem of extracting a 

foreground layer from stereo image pair in real time. 

Binocular stereo images contain the disparity information 

of objects in the view. It is easy to generate a 3D anaglyph 

using the pair of captured images. The key element of our 

problem is to generate trimaps without user’s definition or 

interaction, and the trimaps ensure the accuracy of 

extracted results. For the calculation of disparity map 

between images pair is computationally expensive, our 

approach avoid the disparity computation and adopt the 

residual image to generate the rough trimap.  

Fig.1 shows the work flow of our approach. The paper is 

organized as the work flow. In section 2 we describe the 

simple dual-camera system firstly. For the displacement 

exists, it is necessary to align the pair of captured images. 

In section 3 we present the residual image with spatial 

displacement and the generation of rough fore-mask from 

the residual image. In section 4 we use the Grabcut 

algorithm to split the more accurate foreground layer. 

Experimental results and conclusion are given in section 5.   

 

Left image Right image 

Image pair aligning 

Generate trimaps from 

residual image 

Segment layers by energy 

minimization via GrabCut 

Result foreground mask 

Figure 1. The work flow of our 

approach 
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Dual-camera system and stereo image pair aligning 

In recent years, 3D technology develops rapidly. It is simple and cheap way to set up a 

dual-camera system: Two cameras with same brand and model are aligned along the same 

horizontal plane and positioned parallel at some distance apart from each other. Experimental 

results show that the best distance is about 62mm which is similar with human interpupillary 

distance. Using this system, it is easy to record or capture a stereo image pair. From stereo image 

pair, we can regenerate 3D scene by many modes, for instance, red-blue mode, page flip mode and 

so on. Note that due to the poor synchronization, this simple dual-camera system does not fit to 

capture or record the fast moving objects.  

 
Since two cameras are positioned manually, the displacements (horizontal and vertical direction) 

between left and right lens are inevitable. Fig.2 first row (a) shows an original image pair captured 

from the dual-camera system. In order to compare the difference between left and right images 

clearly, we use anaglyphs (Red-Blue 3D Pictures) to show the disparity between image pair. Fig.2 

(b) and (c) show the non-aligned anaglyph and the aligned anaglyph respectively. Obviously, after 

image pair aligning, most pixels in background region match together. So the disparities of these 

pixels run to 0.  

The basic idea of image pair aligning is to compute the x-dimensional displacement x∆ and the 

y-dimensional displacement y∆  between the two cameras. Experimental results indicate that it is 

enough to compute x∆  and y∆  once when these two cameras are fixed. Here we use the Optical 

Flow [3] to calculate x∆  and y∆ : The edge/corner pixels of image are extracted as feature points. 

We extract N pairs of feature points { ( , ) | 1 }l l l

i i iP x y i N= = �  from left image and 

{ ( , ) | 1 }r r r

i i iP x y i N= = �  from right image, which are one-to-one mapping. Then 

(a)The original captured Image pair  

Figure 2.Stereo image pair aligning. (a) The original image pair captured from 

dual-camera system. (b) and (c) are non-aligned and aligned anaglyphs respectively.  

(b) Before aligning (c) After aligning 
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By such coordinate transformation, all left captured images are shifted with ( , )x y∆ ∆ from the 

origin of itself coordinate system to align the corresponding right images. The motivation of image 

pair aligning is to remove background pixels in residual image as much as possible. 

Remark:  In Eq.1, good effect will be taken if these extracted feature points are inside 

background region, so a better way is to remove front objects when computing x∆ and y∆ . For our 

dual-camera system, we keep nothing within 2 meter distance when image pair aligning. 

Generate trimap from residual image 

It is obvious that the 3D-stereopsis image pair is very similar and most of the content of one 

image is repeated in the other, which is often described as “highly redundant”. After images 

aligning, the residual image between the pair is given by 

( , ) ( , ) ( , )r lI x y I x y I x x y y= − + ∆ + ∆              (2) 

Where x∆ and y∆ are the displacements which are computed above. 

In order to avoid the influences of noise and illumination between the image pair, the residuals 

are preserved only where value exceed a predetermined threshold thI .So Eq.2 describes the 

residual image could be written as  

0      if (x,y)  
( , )

( , )  other

thI I
I x y

I x y

≤
= 


               (3) 

From the residual image, a rough initial trimap is generated as the following steps:  

Step 1. Binary processing of the residual image. 

Step 2. Morphology operation(erode, dilate, clean) on the binary image.  

Step 3. Region labeling and removing small regions (area limits), then removing thin strip. 

Step 4. Flood filling of the connected region. 

Fig 3 right four images show the result mask image of every step. The last result mask is 

regarded as the initial trimap for GrabCut input 

 

Energy minimization via GrabCut 

GrabCut is an innovative 2D image segmentation technique developed by Rother et al.[2]. It is a 

very user-friendly image segmentation algorithm. For images where the foreground and background 

are cleanly separated, GrabCut can robustly segment the image given only a rectangular region as 

Figure 3. Residual image and the procedure of trimap generation. The left is residual image. The 

right 4 images show the procedure of trimap generation (sequence from left to right, top to bottom) 
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input. In our approach, we use the calculated trimap instead of a user-defined rectangular region. It 

is obvious that the calculated trimap is more accurate than a rectangular region. 

Due to space limitations some details of GrabCut algorithm have been omitted, but can be found 

in [2]. Here, we simply describe the procedure of Grabcut: 

1. Use the calculated trimap as input. Pixels inside the trimap are marked as unknown. Pixels 
outside of trimap are marked as known background. 

2. computer generate an initial image segmentations, where all unknown pixels are tentative 
placed in the foreground class and all known background pixels are placed in the 

background class 

3. Gaussian Mixture Models(GMMs) are built for initial foreground and background classes 
using the Orchard-Bouman clustering algorithm. 

4. Each pixel in the foreground class is assigned to the most likely Gaussian component in the 
foreground GMM. Similarly, each pixel in the background is assigned to the most likely 

background Gaussian component. 

5. The GMMs are thrown away and new GMMs are learned from the pixel sets created in the 
previous set. 

6. A graph is built and Graph Cut is run to find a new tentative foreground and background 
classification of pixels. 

7. Steps 4~6 are repeated until the classification converges.   

Results and Conclusion 

In our experiment, we use the simply dual-camera system to capture VGA (640*480) resolution 

Figure 4: Results using our approach. (a)The original aligned images captured from the dual-camera system. 

(b)The trimaps which are computed using the residual images. (c) The resut foreground layer extracted by our 

approach. 

 

(a) Stereo image pair after aligning 

(b) The trimap 

(c) Foreground layer 
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images. In order to balance the effect and performance, we resample the original image (640*480) 

into small image (160*120) to accelerate segmentation speed. After computing segmentation, 

foreground layer resample into VGA resolution. The results are shown in Fig. 4. The operating time 

is about 0.1sec for VGA images on Intel Core 2 Duo 2.83GHz CPU with 1GB RAM.  

Two examples are given in Fig 4. The left is a common background, and the right we try to 

segment foreground from the complex background (the TV Set is playing behind the tester). The 

left result image is good quality, and the right result images show that GrabCut segmentation result 

is not enough accurate when the background is complex. The segmentation result includes part of 

the frame of TV Set. Because the frame is black and similar with the hair texture, low-contrast is the 

main factor of GrabCut failure. 

In conclusion, a new approach for foreground extraction from binocular images has been 

proposed and demonstrated. Experimental results indicate that the calculated trimap is reliable, and 

the quality of segmentation results depends on the segmentation approach (here we use GrabCut). It 

might improve the foreground segmentation accuracy by adopting more accurate segmentation 

approach.  
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Abstract. We present a new adaptive method for approximating circular arcs in polynomial form by 

using the s-power series. Circular arcs can be expressed in infinite series form, we obtain the order-k 

Hermite interpolant by truncating at the kth term. An upper bound on the error of the interpolant is 

available, so we can obtain the lowest degree polynomial curve that approximates a circular arc within 

any user-prescribed tolerance. And this degree can be further reduced through subdivision, which 

generates a spline approximation with C
k
 continuity at the joints. 

Introduction 

Circles and circular arcs are of great interest for geometric modelling and for problems of shape 

preservation because of their constant curvature. A polynomial representation for circular arcs is not 

only simpler for the rendering and curve-curve intersection problems, it is of special interest to the 

aircraft and the automobile industries where surfaces are frequently constructed from curves 

involving circular arcs using lofting or skinning techniques. 

A circular arc can be explicitly represented by rational curves [1], or can be approximated by 

polynomial curves [2−4]. Floater [5,6] presented a framework for high-order approximation of conic 

sections by rational curves. Piegl and Tiller suggested using integral B-splines [7]. Yang and Ye 

constructed the approximation of circular arcs by C
2
 cubic polynomial B-splines [8]. 

The s-power series, firstly introduced by Sánchez-Reyes [9,10] for geometry processing, can be 

regarded as the two-point analogue of Taylor expansions. The s-power basis combines many desirable 

properties of the Bernstein, Taylor, and Hermite polynomial bases, without their disadvantages. For 

more details about the comparisons among the above bases and the properties of the s-power series, 

we refer the reader to [9,10]. The s-power series has been used in several geometrical operations, 

including the inversion of analytic functions [11] and the representation of analytic functions [12]. 

We assume without loss of generality that the circular arc is defined as follows: 

( )( ) cos ,sin , [ , ],θ θ θ θ α α= ∈ −r                                                                                                        (1) 

where α is a positive number. One can always achieve such a situation by rotation and translation. 

The main idea of this paper is to represent Eq. 1 by the s-power series. We then obtain the 

polynomial approximation by a truncation at the kth term. A circular arc can be approximated within 

any given tolerance by simply adding the newly-introduced high-degree terms to the approximating 

polynomial. Since the approximation is expressed in polynomial form, it is very convenient to take 

differentiation and integration operations.  

Preliminaries 

A s-power series over the unit domain u ∈ [0,1] is defined by (see [9,10]) 

0

( ) ( ) , (1 ) ,k

k

k

a u a u s s u u
∞

=

= = −∑                                                                                                      (2) 

where 
0 1( ) (1 ) .k k ka u u a ua= − +                                                                                                                      (3) 
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Note that Eq. 2 is simply a power series of symmetric parameter s, whose coefficients ak(u) are linear 

functions of u rather than constants. The function s
k
(u) is nothing but the central (kth) scaled Bernstein 

polynomial 2 ( )k

kB u  of degree 2k. For the sake of simplicity, a natural representation of ak(u) would be 

the pair of Bézier ordinates: 
0

1
( ) .

k

k k

k

a
a u a

a

  
→ =  

  
                                                                                                                          (4) 

Throughout this paper, we adopt the simplified notation in Eq. 4 to represent linear functions. We will 

also use for ak the term coefficient, although always bearing in mind that we are dealing with linear 

functions, not with constants. For more details on the s-power series, see [9,10]. 

Given the s-power series of a function a(u), a truncation at the kth term clearly yields its order-k 

Hermite interpolant 

0

( ; ) ( ) .
k

i

k i

i

H a u a u s
=

=∑  

This is the unique degree-(2k+1) polynomial that reproduces the derivatives { }( )

0
( )

k
i

i
a u

=
 at the 

endpoints u = 0,1. Therefore, if we subdivide the domain into several segments and compute a kth 

truncation for each one, we get a polynomial spline with C
k
 continuity. 

Polynomial Approximation 

Let x(θ) = cosθ and y(θ) = sinθ, θ ∈ [−α, α]. Since the s-power series is always defined over the 

domain [0,1], we introduce the parameter transformation 

( ) (2 1) , [0,1].u u uθ θ α= = − ∈                                                                                                      (5) 

Firstly, we express x(u) in the s-power form, i.e., 

( ) ( )
0

( ) ( ) cos (2 1) ( ) .k

k

k

x u x u u x u sθ α
∞

=

= = − =∑                                                                                          (6) 

The initial coefficient x0 is the linear function interpolating x(u) at the endpoints u = 0,1. Then we get 
0

0

0 1

0

(0) cos
cos .

(1) cos

x x
x

xx

α
α

α

      
= = = =     

     
                                                                                                          (7) 

The next coefficient x1 is straightforwardly calculated from the derivatives at the endpoints: 
0

1 1 0

1 0 01

1

(0) 1 2 sin
( ) 2 sin .

(1) 1 2 sin

x x
x x x

xx

α α
α α

α α

  ′ −      
= = + − = =       ′−        

                                                           (8) 

The remaining coefficients xk+2 (k = 0,1,…) are given by the recursive formula (see [11]): 
1 2

1

2 1 0

1

2 2
2( 1) .

2 1

k

k k k

k

x
x k x x

k kx

α+
+ +

+

   
= + − −   + +   

                                                                                   (9) 

Noting that the cosine function and s = (1−u)u in Eq. 6 are all symmetric functions, the coefficients xk 

must satisfy 
0 1 , 0,1, .k kx x k= = …  

Therefore, every coefficient xk degenerates to a constant rather than a linear function, and Eq. 9 can be 

further simplified to 
2

2 1

2 2
(2 1) , 0,1, .

2 1
k k kx k x x k

k k

α
+ +

 
= + − = + + 

…                                                                                (10) 

Secondly, we express y(u) in the s-power form, i.e., 

( ) ( )
0

( ) ( ) sin (2 1) ( ) .k

k

k

y u y u u y u sθ α
∞

=

= = − =∑                                                                                  (11) 
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To obtain the coefficients yk, we can also use the recursive formula Eq. 9 with the different starting 

values y0 and y1. However, using the relationship between the sine and cosine functions, we propose a 

simple alternative method that does not require the recursive formula as follows. 

Obviously, 

0

1 1 d
( ) ( ) ( ) .

2 2 d

k

k

k

y u x u x u s
uα α

∞

=

′= − = − ∑  

Noting that xk are all constants, we can easily obtain yk by comparing the coefficients: 

( )
0

1

1 1

1

1 1
1 2 ,

2 2

k

k k

k

xk k
y u x

xα α
+

+
+

 + +
= − − = −  

− 
                                                                                                 (12) 

which implies that 0 1

k ky y= −  for k = 0,1,…. 

Applying the parameter transformation in Eq. 5, we can express the circular arc in Eq. 1 as  

0

( ) ( ) ,k

k

k

u u s
∞

=

=∑r r                                                                                                                                   (13) 

where the vector rk(u) = (xk(u), yk(u)) denotes the kth coefficient of the circular arc in the s-power 

form. And, the components xk and yk are obtained by Eq. 10 and Eq. 12, respectively.  

We obtain the order-k Hermite approximation by a truncation at the kth term of Eq. 13: 

0

( ; ) ( ) .
k

i

k i

i

u u s
=

=∑H r r                                                                                                                               (14) 

From the permanence property of the s-power series [10], all the coefficients of Hk+1(r; u) agree with 

those of Hk(r; u), except for the newly-introduced one rk+1(u). As shown by Eq. 10, xk+1 depends only 

on the two previous coefficients xk and xk−1. Note also that yk+1 is determined by xk+2. So, it is very 

convenient and efficient to deal with polynomials of different degrees. 

Error Analysis 

The difference vector Rk(r; u) = r(u) − Hk(r; u) is called the remainder and measures the quality with 

which the circular arc r(u) is approximated by the polynomial Hk(r; u). We propose an upper bound 

on the error of the approximation in the following theorem. 

 

Theorem 1. Rk(r; u) converges uniformly to zero over [0, 1] and has an upper error bound 

2 22
.

(2 2)!

k

k
k

ε α +=
+

                                                                                                                              (15) 

 

Proof. By Theorem 3.5.1 in ([13], p. 67), the remainder is characterized by 

( )
1

( 1) ( 1)

1 1 1 2

( )
( ; ) ( ), ( ) , 2 1, , (0,1).

( 1)!

k
n n

k

s
u x y n k

n
ξ ξ ξ ξ

+
+ +−

= = + ∈
+

R r  

Note that x(u) = cos((2u−1)α) and y(u) = sin((2u−1)α). Applying the chain rule to the trigonometric 

functions leads to 

    ( ) ( )( 1) 1 ( 1) 11 1
2 2

( ) (2 ) cos (2 1) , ( ) (2 ) sin (2 1) .n n n nn nx u u y u uα α π α α π+ + + ++ += − + = − +  

Then, we have 
1 1

2 2 1
1 2 2

(2 )
( ; ) cos cos , (2 1) , 1, 2.

( 1)!

n k

n
k k i i

s
d u i

n

α
θ θ θ ξ α π

+ +
+= = + = − + =

+
R r  

Since 1
4

(1 ) [0, ]s u u= − ∈ , the conclusion can be obtained easily.  

 

For any user-prescribed tolerance δ, it is trivial to find the lowest k such that εk ≤ δ. So one can 

obtain the polynomial curve of a lowest degree n (n = 2k+1) that approximates the circular arc within 

the tolerance. It can be considered as an adaptive method, i.e., the user can choose a smaller δ for 
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higher accuracy and also can choose a larger δ for lower accuracy. Therefore, it brings a convenient 

interactive editing tool to geometric modelling design. 

If the degree of the approximating polynomial is too high for a considerable small tolerance δ, we 

can subdivide the circular arc into several segments and then reduce the degree for each segment. One 

can see that the error bound in Eq. 15 will decrease exponentially by a factor 1/4
k+1

 if α is replaced by 

α/2. As a result, we can achieve a good balance between accuracy and efficiency. And the resulting 

piecewise curves are C
k
 continuous at the joints. 

Example 

Let us consider the unit circle defined by r(θ) = (cosθ, sinθ), θ ∈ [−π, π]. As displayed by Fig. 1, the 

successive order-k Hermite polynomial curves gradually approximate the whole circle. When k = 5, 

we obtain a good enough approximation, i.e., one cannot distinguish the approximating curve from 

the circle. However, the degree of the polynomial is 11 in such case. If we subdivide the circle into 

four segments, a good enough approximation will be achieved when k = 2 (see Fig. 2). 

The quality of the approximations is measured by the sampling-based Euclidean errors. The error 

plots are shown in Figs. 1 and 2. Additionally, the maximum errors between the circle and the 

approximating curves with various segments are listed in Table 1. The values in the column k = 1 

decrease by about 1/4
2
, those in the column k = 2 by about 1/4

3
, those in the column k = 3 by about 

1/4
4
, and so on. Therefore, one can always obtain a polynomial approximation within any given 

tolerance and with the constraint on the maximum degree of the polynomial by combining 

subdivision.  
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Fig. 1. Successive order-k polynomial approximations to the unit circle. 
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Fig. 2. Successive order-k polynomial approximations to the quarter-circular arcs. 
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Table 1. The maximum errors for the successive order-k (k = 1,2,…,5) Hermite interpolants to the 

unit circle with i-segments, i =1,2,4,8,16,32. 

#Segemnts k = 1 k = 2 k = 3 k = 4 k = 5 

1 2 7.663e−01 1.495e−01 1.759e−02 1.385e−03 

2 2.146e−01 1.825e−02 8.230e−04 2.294e−05 4.341e−07 

4 1.521e−02 3.154e−04 3.494e−06 2.404e−08 1.127e−10 

8 9.808e−04 5.052e−06 1.393e−08 2.390e−11 2.795e−14 

16 6.177e−05 7.942e−08 5.470e−11 2.346e−14 3.065e−17 

32 3.868e−06 1.243e−09 2.139e−13 1.994e−17 3.752e−20 

 

Summary 

In this paper, we have constructed a simple method for the polynomial approximation to circular arcs 

by using the s-power series. Theoretical analysis and experiments show the effectiveness of the 

proposed method. Furthermore, the error bounds of approximations decrease exponentially after 

subdivision. 

The major limitation of our method is the low accuracy of approximations. For a specific degree n 

= 2k+1, the resulting polynomial curve is actually the order-k Hermite interpolant. So, our method can 

not do better than those methods that make use of geometric data (tangents, curvatures, etc.). 

However, we can improve the accuracy by increasing the degree of curves or by subdividing the 

circular arc into several segments.  
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Abstract.  The curve and surface fitting problem is very important in CAD and CAGD. However, it is 

important to construct a suitable function to interpolate or approximate which satisfies the underlying 

constraints since we have some additional information that is confined to interpolation or 

approximation. In this paper, we discuss the positive approximation for positive scattered data of any 

dimensionality by using radial basis functions. The approach is presented to compute positive 

approximation by solving a quadratic optimization problem. Numerical experiments are provided to 

illustrate the proposed algorithm is flexible. 

Introduction 

The curve and surface fitting problem is very important in CAD and CAGD. The problem of scattered 

data interpolation or approximation is of great significance in various areas of scientific research 

including scientific visualization, computer graphics, geometric modeling, numerical analysis, etc. 

Particularly, when the data are arising from some complex function or from some scientific 

phenomena, it is importantto incorporate the inherited features of the data. It gives an insight and 

guide to understand some physical phenomenon relevant to the data.  

As is known to all, we often have some additional information that we wish to confine to 

interpolation or approximation. As it is known to all, positivity is a very important aspect of shape. 

There are many physical situations where entities only have meaning when their values are positive. 

For example, in a probability distribution the representation is always positive. 

 Smoothness is not the main requirements for pleasing visual display of the data when we construct 

interpolating or approximating function. Ordinary spline schemes, although smoother, are not helpful 

for the interpolation of the shaped data. Severely misguided results will violate the inherited features 

of the data. Thus, it is important to construct a suitable function to interpolate or approximate which 

satisfies the constraint of positivity in order to control the data features.. 

Many researchers have done a lot of significant work on it mainly by using piecewise cubic splines 

or piecewise algebraic curves (see [1–6] and references therein). The problem we are addressing is the 

positive approximation of positive scattered data.In this paper, we present a new technique to deal 

with positive approximation for positive scattered data of any dimensionality by using radial basis 

functions such as Gaussian function and compactly supported radial basis functions. 

Radial basis functions 

A radial basis function (RBF) is a relatively simple multivariate function generated by a univariate 

function. Due to its simple form and good approximation behavior, RBF has become an effective tool 

for multivariate scattered data interpolation during the last two decades [7-13]. 

For any given scattered data ( , ) , 1, ,s

i ix f R R i m∈ × = ⋅⋅⋅  where points ix are pairwise distinct, the 

so-called RBF interpolation is to use a function : sR Rφ →  to construct the interpolant in the form of 

1

( ) ( )
m

j j

j

s x x xλ φ
=

= −∑  satisfying 
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1

( ) ( ) , 1, , .
m

i j i j i

j

s x x x f i mλ φ
=

= − = = ⋅⋅⋅∑  

The positive definiteness of φ  guarantees that the above interpolation problem possesses a 

unique solution and refers to φ  as a classical RBF. Most-widely used radial basis functions are 

mainly the following two types: One type of RBFs is globally supported, infinitely differentiable, and 

contain shape parameter c  which affect both accuracy of the solutions and conditioning of the 

interpolation matrix such as multiquadric function, thin plate spline and Gaussian function, etc. 

Another type of RBFs is compactly supported radial basis functions (CSRBF) with parameter radius 

α  which affect both the possible approximation behavior and best possible stability [11]. For 

simplify, from now on we just choose the radial basis functions as Gaussian function 
2

( ) cr

c r eφ −=  and 

CSRBF 4( ) (1 ) (4 1)r rrαφ α α+= − +  for later discussion. 

Positive approximation for positive data 

The problem we are addressing is as follows: Given a set of m  scattered data , s

i ix x R∈ with 

associated data values , 1, ,if i m= ⋅⋅⋅ , where 0if ≥ , we seek an optimal function ( )s x to approximate 

the set of data points ( , )i ix f in least-squares sense satisfying ( ) 0s x ≥ . 

We first construct the function ( )s x  as follows 

1

( ) ( )
N

i i

i

s x x cλφ
=

= −∑  

where ( )ix cφ −  can be a Gaussian function ( )c rφ  or CSRBF ( )rαφ  centered on ic . The centers can 

be randomly sampled among the scattered data or obtained by orthogonal least square learning 

algorithm or found by clustering the samples and choosing the cluster means as the centers.      

It is pointed out that the shape parameter c  and radius α  can be different for each Gaussian 

function ( )c ix cφ −  or CSRBF ( )ix cαφ −  centered on ic . 

Therefore, the positive approximation for positive scattered data is reduced to solve the following 

optimization problem 

1

2

, ,
1

min , ( ( ) )

( ) 0

N

m

i i

i

TotalError TotalError s x f

subject to s x

λ λ⋅⋅⋅
=


= −


 ≥

∑
 

Note that all ( )ix cφ −  are positive and ( )s x  is a linear combination of them. So, we can restrict 

each iλ  to be positive in order to guarantee the function to be everywhere positive. This sufficient 

condition is the kernel idea of our proposed method. 

Therefore, the problem of positive approximation is transformed into a quadratic optimization 

problem subjected to linear constraints 
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1 , ,

1

min

0, , 0

N

N

TotalError

subject to

λ λ

λ λ
⋅⋅⋅




≥ ≥ �

 

Without loss of generality, we illustrate it with a very simple example in 1D [14]. The data set in 

Tab.1 shows the percentage of oxygen in the flue gas, as coal burns in a furnace. The oxygen 

percentage is inherently positive and we therefore require the approximation to preserve this property. 

 

Time(mins)       0         2         4       10        28        30       32 

Oxygen(%)     20.8       8.8       4.2      0.5       3.9        6.2       9.6 

 

Table 1: Percentage of oxygen in flue gas. 

  

Fig. 1 and Fig. 2 show the positive approximating curve applied to the above set of data by using 

Gaussian function ( )
ic ix cφ −  and CSRBF ( )

i ix cαφ − , respectively. Here, the centers ic are chosen 

the same as scattered data ix , the shape parameters ic  and radius iα  should be chosen appropriately.  

The TotalErrors for Fig.1 and Fig.2 are 0.04 and 0.63, respectively. 
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      Figure 1  Positive approximating curve for the above data using Gaussian function 
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Figure 2 Positive approximating curve for the above data using CSRBF 

 

It is proposed to consider RBF combinations in which all iλ  are positive. That is a much stronger 

requirement than what is necessary for the result to be everywhere positive. Imposing the strong for 

the requirement might simplify the discussion, but it might degrade the quality of the end result. 
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Numerical experiment 

In order to illustrate the proposed method for clarity, we limit our example to data in one dimension 

instead of in higher dimension. Whereas, RBF is only in higher dimension that the outstanding 

features of RBF really manifest themselves. 

We illustrate this technique on 2D and use the following positive function ( , )f x y (see Fig. 3): 

2 2 2 28( 0.2) 6( 0.5) 10( 0.6) 8( 0.4)( , ) 1.5 0.2 0.5x y x yf x y e e− − − − − − − −= − +  

 

Figure 3  The approximated function 

The function was sampled on a randomly generated set of 100 points in the square[0,1] [0,1]× .The 

positive approximating surface by using CSRBF ( )
i ix cαφ −  is shown in Fig.4. Here, the centers are 

found by clustering method.  

 

Figure 4  Positive approximating surfaces 

It is pointed out that the optimal number of ( )ix cφ −  and the position of centers ic  are hard to 

present a flexible approach till now. This fact will remain to be our future work. 

Summary 

This paper discusses the problem of positive approximation for positive scattered data by using radial 

basis function. We illustrate the proposed algorithm is flexible from several numerical examples. In 

fact, we can use B-spline base to deal with positive approximation. Meanwhile, the positive 

interpolation for positive data using radial basis functions is much more important and remains to be 

our future work. 
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Abstract. Although still in its primary phase up to now, the research about the application of EMC 

technology in engineering field has become more and more noticeable. In this paper the main 

subjects for EMC research are introduced, then some hot research topics concerning the EMC 

technology application are described, involving the application in such areas as the military, 

industrial electronics, power system and customer electronics. At last the general trend of EMC 

technology development is discussed, using the case of EMC technology development in the 

military area for reference.  

Introduction 

  The study of Eletromagnetic Compatibility (EMC) has close correlation with the life and work of 

the people. Zhang Linchang has defined EMC as this: EMC is a science that studies a variety of 

electrical or electronic equipments (and living things, in a broad sense), which aim to operate 

smoothly and coexist with limited resources of space, time and spectrum, and not to degrade under 

such a condition [1]. EMC is based on the fundamental theories and technologies of electrical and 

electronic sciences, and concerns the solution of each theoretical or technical problem arising from 

natural or man-made electromagnetic interference (EMI). The final purpose of EMC research is to 

ensure the EMC performance of each system or subsystem [2]. 

  The content of EMC study is much comprehensive. Within most of the modern industries there 

are EMC problems to solve, as in the industries of power, telecommunication, transportation, 

spaceflight, computery, medical equipments and weapons. In this paper the main research subjects 

of EMC science are first introduced, then hot research topics within some of the EMC technology 

application areas are described, involving the war field electromagnetic environment effects [3], 

EMC control and management for industrial electronics [4,5], electromagnetic susceptibility (EMS) 

performance of electrical or electronic equipments in nuclear power plants or power systems [6,7], 

and EMI suppression for home appliances [8]. The trend of EMC technology development will be 

discussed at last. 

Research subjects for EMC Science 

  In industrial production and human life, the harm of EMI has been recognized more and more 

widely. For example, it has been forbidden to use mobile communication devices in the civil aircraft 

cabin, because electromagnetic disturbance from these devices can interfere the normal operation of 

the antennas, sensors and other sensitive onboard components, threatening the safety of the aircraft. 
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The American Sugarman, Ellen depicted in his Warning-the Electricity Around you May be 

Hazardous to your Health: How to Protect Yourself From Electromagnetic Fields, that many 

epidemiology researches have revealed the fact: exposure to a magnetic field over 2 milligausses 

may add to the risk of catching a cancer. Consequently it is meaningful and necessary to study EMC 

problems. 

  The EMC research scope is much extensive, both theoretical problems and technical ones are 

involved. Generally the research subjects can be sorted into five categories [1]. 

Sources of electromagnetic disturbances. Only if 0d/d ≠ti  or 0d/d ≠tv  under whatever 

circumstances, electromagnetic noises will be generated, and these noises make up the major part 

of electromagnetic disturbance. The difficulties in the research about electromagnetic noise sources 

include the following. 

  The first is about the generation mechanisms of electromagnetic noises, which are too many and 

varied. 

  The second is the inherent conflict between EMC control and the development trends of some 

technical areas. For example, one trend in computer industry is that the CPU clock frequency goes 

higher and higher, but the higher the noise frequency goes, the more difficult the noise control gets. 

  The third difficult problem up to now, is the digital modeling for the physical phenomenon of the 

generation of electromagnetic noise. 

Propagation characteristics of electromagnetic noises. The research method for the propagation 

characteristics is to build mathematical models according to electromagnetic field theory. The 

difficulties in this research are as follows. 

  The first is that in most of the mathematical models, both near field effects and far field effects of 

electromagnetic waves have to be considered at the same time, because the frequency bands of 

electromagnetic noises can be very wide. 

  The second, both the source and the channel of a noise have to be modeled in the same one. 

  The third is that the boundary conditions of the models are usually complicated because of the 

need for the models to be practical, and the idealization of the boundary conditions can be difficult 

in some degree. 

Immunity characteristics of electronic devices and systems. The main concerns are about the 

responses of the noise receivers to electromagnetic noises, and about how to improve the 

electromagnetic immunity. This kind of research has involved many technical areas such as 

telecommunication, navigation, radar, broadcasting, television, information technology, remote 

control and remote sensing. The excessive dependence on the human experience is the difficult 

point in this research.  

Test equipments, test methods and statistical methods. Electromagnetic noises are not marked by 

normal sinusoidal voltages, but the voltages taking on various shapes and different frequency 

spectrums, including pulse voltages. Therefore there are strict requirements about the performance 

of test equipments and test sites, about the test methods, the statistics or evaluation matter, etc. 

  Since the coefficients or performance parameters of test equipments and test sites may drift from 

the original with the lapse of time, it is strongly recommended to perform routine checks (also 

called “spot checks”) of the test equipments and test sites, say, once per week or twice per month. 

Table 1 is part of a check list on the performance of some anechoic chamber, the judgement 

standard in this check list is that the difference between spot check value and corresponding original 

value should be within 3± dB. 

EMC analysis, prediction and EMC design. EMC design must rely on EMC analysis and 

prediction. Key points in EMC anslysis and prediction are the building of mathematical models and 
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the programming for the computation and analysis of EMI that is within a system or between 

systems. 

 

Table 1  Check list on the performance of some anechoic chamber 

Some hot research topics in EMC technology application 

  For EMC technology there are many application areas, such as weapon system, industrial 

electronics, power system and home appliances, see Fig. 1. In each area, there can be several levels 

of concrete applications, as levels of system, subsystem, interconnect and component, etc. The 

challenging EMC technology areas for all these applications can be restricted to three main themes: 

EMC Design, EMC Standardization and EM (electromagnetic) Safety [9]. Hot research topics in 

some of the application areas of EMC technology are presented as the following. 

Military

Industrial electronics

Power system

Consumer electronics

Network

System

Subsystem

Interconnect

Component

EMC DESIGN

EMC STAND-

ARDIZATION

EM SAFETY

Application areas Application levels
Challenging EMC

technology areas 

Fig. 1  EMC view on electronic systems [9] 

War field electromagnetic environment effects. As military equipment technologies develop, the 

signal spectrum may be featured by the contribution of various kinds of electrical equipments, and 

with the utilization plans for electrical equipments changing at times, the characteristics of 

electromagnetic environment have become more and more complicated. 

  In a future war, the effective management, control and flexible utilization of electromagnetic 

environment, will become a key factor in winning the initiative. Listed below will be the key points  

of the research with respect to war field electromagnetic environment effects [3]. 

  1. Analysis techniques for electromagnetic environment. 

  2. Design techniques for electromagnetic safety of weapon system. 

  3. Simulation techniques for (strong)electromagnetic environment. 

  4. Experimention, test and evaluation of electromagnetic environment effects. 

  5. Techniques of control and management.  
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EMC control and management for industrial electronics. The EMC research for electrical or 

electronic devices is still in its primary phase up to now. The research in the last years has been 

focused on such issues as techniques for modeling and suppression of EMI from power converter 

and motor transmission, parasitic effects of EMI filters, layout optimization for PCBs and numerical 

analysis techniques for EMI [4]. 

  For the major electrical systems abroad such as the power, control and communication 

installations for the railroads, subways and airports, strict EMC control and management plans are 

established in the initial phase of the design. The plans generally contain the following elements [5]. 

  1. EMI analyses. 

  2. Determination of EMC standards to meet. 

  3. Determination of technical indicators of EMC design. 

  4. Establishment of EMC design principles.  

  5. EMC management and organizing structure. 

  6. EMC implementing plan. 

  7. EMC test plan. 

EMS performance of the equipments in power systems. Nowadays for the digital instrument and 

control systems in nuclear power plants, test of the immunity for EMI has become a focus for the 

attention of the engineers. To improve EMC performance of the entire system, strengthened design 

against EMI is necessary for such components as power supply, communication network, 

input/output module and CPU module, and some measures are needed for the correction of 

electromagnetic environment of the system. The measures may be proper grounding, normative 

wiring and dust proofing, etc. [6] 

  The full-scale digitization of protection devices in power systems has become an irreversible 

trend. How to improve the capacity of anti-electromagnetic-interference and guarantee the stable 

operation of power system, has always been a hot research topic for microprocessor-based 

protection technology, and the anti-interference capacity respectively for the hardware and software 

of each protection device can be taken into consideration [7].  

EMI suppression for home appliances. According to operation principle and configuration, 

household electromotors can be sorted into commutator-motors and induction-motors. Home 

appliances with electromotors of the former kind can be characterized by sources of 

electromagnetic disturbances badly severe. As the anti-disturbance measures, proper filtering, 

shielding and grounding should be considered in the early design phase [8].  

Trend of EMC technology development 

  To meet the market needs for products that are safe to use, reliable in quality and perfect in EMC 

performance, new methods and new means should be adopted to suppress EMI from electrical 

components, interconnects and (sub)systems, meanwhile improve their immunity for EMI. The 

future electromagnetic environment needs to be controlled by legislation and standardization with 

new test methods, frequency bands and limits [9]. Zhao Gang has discussed the development 

directions of EMC technology for weapon equipments in the information age [10], which can be of 

great use for reference by other EMC application areas, and can be generalized as below. 

  1. Application of “prediction analysis method” will be featured in EMC design and control for 

electrical equipments in this century. 

  2. Techniques for the verification and evaluation of and shielding from electromagnetic 

environment effect are hot research topics in current days. 

  3. Sound management and utilization of radio frequency spectrum resources are becoming 
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critical points for EMC research in the information age.  

  4. The exploration and application of new techniques, new materials and new devices are the 

trends of EMC technology development.  
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Abstract: In this paper, a new blind steganalytic scheme is proposed to effectively detect JPEG 

steganography. In DCT domain, the co-occurrence matrices are used to capture the intra-block and 

inter-block correlations among the quantized coefficients. In spatial domain, we estimate the invariant 

components of the decompressed raw pixels between the cover and stego images by wiping selected 

intermediate frequency AC coefficients, and collect eighteen statistics in total. Combining the DCT 

and spatial features leads to be more effective for classification. The experimental results have 

demonstrated that the proposed method is stable, and outperforms the recently reported steganalysis 

in attacking the advanced JPEG steganography. 

Introduction 

Steganalysis focuses on discovering the presence of hidden messages which are embedded in the 

cover medium such as digital images imperceptibly. Since JPEG is the most commonly used image 

format on the Internet, researches in the field of JPEG steganalysis has attracted more and more 

attention now [1-5, 7]. 

Fu et al. [1] presented a universal JPEG steganalytic scheme in which 200 features were 

calculated directly from the quantized DCT coefficients. The Markov empirical transition matrices 

were used to exploit the correlations between DCT coefficients in both intra-block and row scanning 

inter-block sense. In [2], Shi et al. proposed to calculate the difference JPEG 2-D arrays of quantized 

block DCT coefficients along horizontal, vertical and diagonal directions firstly, and then apply the 

Markov process to model these difference 2-D arrays as features. Chen et al. [3] extended [2] and 

presented another scheme. The authors use the difference mode 2-D arrays to construct inter-block 

features. Combined with the intra-block features collected in [2], a 486- dimensional feature vector 

was obtained. 

In this paper, we propose a novel blind steganalytic scheme to effectively detect the advanced 

JPEG steganography. Features are calculated both from the DCT domain and the decompressed 

spatial domain. Firstly, the second order statistics, i.e., co-occurrence matrices, are used to capture 

both the intra- and inter-block correlations between the quantized DCT coefficients. Then, an 

estimation technique is developed to remove the gross representation of the stego image in the spatial 

domain. In this way, minor embedding changes to the stego image in the spatial domain can be easily 

explored. The experimental results are presented to demonstrate that the proposed scheme 

outperforms the other blind JPEG steganalysis recently reported.  The rest of this paper is organized as 

follows. In the next section, we explain how to generate the intra- and inter-block features in the DCT 

domain. In section 3, we describe the feature construction procedure in spatial domain, and then the 

details of experiments are illustrated in section 4. At last, the paper is concluded in Section 5. 

Features in DCT Domain 

A co-occurrence matrix is a matrix that is defined to be the distribution of co-occurring pixel values at 

a given offset over an image. Given a grayscale image, the co-occurrence matrix can reflect the 
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distribution of a pair of pixels. Mathematically, suppose a grayscale image I has the dimension of 

M×N and the gray-level of Ng, a gray-level co-occurrence matrix C is defined as 

( , ) #{( , ), ( , ) ( ) | ( , ) , ( , ) }C i j x y x x y y M N I x y i I x x y y j= + ∆ + ∆ ∈ × = + ∆ + ∆ =                         ( 1 ) 

where I(x,y) denotes the pixel value at location (x,y) in image I, and #{X} indicates the number of 

elements in the set X. 

Intra-block Features 

Without loss of generality, we suppose the test JPEG image has the dimension of M×N. Then the 

JPEG coefficient matrix can be divided into NB=[M/8]×[N/8] non-overlapping DCT blocks (as Fig. 

1(a) shows). Each block has a dimension of 8×8 (as Fig. 1(b) shows). In order to describe the statistics 

conveniently, we use dctr,c(i, j) to represent the quantized DCT coefficient value at location (i, j) in an 

8×8 DCT block, where the DCT block is in row r and column c in the JPEG coefficient matrix. 

Obviously 1≦i,j≦8, 1≦r≦[M/8] and 1≦c≦[N/8]. 

  
(a) JPEG coefficient matrix (b) An 8×8 DCT block 

Fig.1. Quantized DCT coefficients.  

The intra-block correlation states that although the quantized DCT coefficients are decorrelated 

by the DCT transform to some extent, two coefficients within one DCT block are probably not 

independent. A coefficient still has correlation with its neighbours in the same block. As a result, we 

calculate the co-occurrence matrices of the neighbouring coefficient pairs along horizontal, diagonal, 

vertical, and minor diagonal directions and the offset is 1, for each 8×8 DCT block. And then we take 

the arithmetic average of co-occurrence matrices generated from all NB blocks as the intra-block 

statistics. The co-occurrence matrix in horizontal can be calculated by 

( )
7[ /8] [ /8] 8

1 , ,

1 1 1 1

1
( , ) ( ( , ), ) ( ( , 1), )

jM N i

r c r c

r c i jB
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N

ϕ ϕ
==

= = = =

= +∑ ∑ ∑∑ i   ,   
1,

( , )
0,

if x y
x y

elsewise
ϕ

      =
=

    





 ( 2 ) 

Similar to C1, the other three co-occurrence matrices in diagonal, vertical and minor diagonal 

directions are calculated as follows. 

( )
7[ /8] [ /8] 7

2 , ,

1 1 1 1

1
( , ) ( ( , ), ) ( ( 1, 1), )
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r c r c
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                         ( 3 ) 
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                         ( 5 ) 

To reduce the computational complexity, we take the arithmetic average of above four 

co-occurrence matrices (C1~C4) as the intra-block co-occurrence matrix Cintra. 

int 1 2 3 4

1
( )

4
raC C C C C= + + +

                                                    ( 6 ) 
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Inter-block Features 

A quantized DCT coefficient in one block has somewhat strong correlation with the coefficient of the 

same position in one of the neighbouring blocks [6]. As Fig. 1(a) shows, the JPEG coefficient matrix 

is divided into NB non-overlapping 8×8 DCT blocks. For a DCT coefficient in one block B and the 

coefficient of the same position in one of block B’s neighbouring blocks in horizontal, diagonal, 

vertical and minor diagonal directions, we calculate the co-occurrence matrices of this coefficients 

pair. As a result, we will get 64 co-occurrence matrices in a direction because of there exist 64 

coefficients in one DCT block. And then, we take the arithmetic average of the 64 co-occurrence 

matrices as the inter-block statistics. The inter-block co-occurrence matrices associated with the 

horizontal, diagonal, vertical and minor diagonal are given by 

( )
, 8 [ /8] [ /8] 1

5 , , 1

, 1 1 1

1
( , ) ( ( , ), ) ( ( , ), )

64

i j M N
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                         ( 7 ) 
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Similar to the intra-block statistics, the average of above four matrices (C5~C8) is the inter-block 

co-occurrence matrix Cinter in our scheme.  Since the elements in Cintra and Cinter have a very large 

range, we apply a threshold T=4 introduced in [1-3] to reduce the feature dimension and 

computational complexity. Let Cintra and Cinter denote the intra-block and inter-block co-occurrence 

matrices, respectively, the calibrated features are calculated as follows. 

( )

int int int( ) ( )c

ra ra ori ra calC C I C I= −  a n d  
( )

int int int( ) ( )c

er er ori er calC C I C I= −                       ( 1 1 ) 

where Iori is the testing image and Ical is the calibrated image. In summary, there are 162 features 

extracted in the DCT domain for each JPEG image. 

Features in Spatial Domain 

The basis of steganalysis is that there exists difference between the images before and after data 

hiding, and the difference is detectable [7]. As we know, minor changes in the DCT domain result in 

amplifying changes in the spatial domain. Hence, we try to find some embedding changes occurred in 

spatial domain. 

Image Calibration 

As we know, most JPEG steganographic schemes manipulate the quantized DCT coefficients to 

embed messages. In fact, they mainly embed bits using the non-zero AC coefficients.  As we observe 

the whole image database (illustrated in section 4), nearly 95% elements in average fall into the 

interval [-31, 0) and (0, 31]. So we can surmise that embedding changes mainly occur to the non-zero 

DCT coefficients in range of [-31, 0) and (0, 31], and the other non-zero AC coefficients rarely alert. 

Then if we wipe these variable coefficients in range of [-31, 0) and (0, 31] in the DCT domain, the 

remaining coefficients can be thought to be the invariant component during embedding messages. 

Decompress the test JPEG image and the wiped image into spatial domain, and then the difference 
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between them will be more sensitive to the embedding changes in spatial domain caused by 

embedded data. We call the difference as variable statistics. 

High Order Differentials 

In this subsection, we use high order differentials to capture the correlations between the 

elements in the variable statistics. Suppose that the variable statistics, denoted as B, has the size of 

M×N, and B(m, n) denotes the value at location (m, n). The 1-st order partial differential at location 

(m, n) in column direction can be calculated as 

( )

1 ( , ) ( , 1) ( , )cP m n B m n B m n= + −                                                ( 1 2 ) 

and the partial differential in row direction is 

( )

1 ( , ) ( 1, ) ( , )rP m n B m n B m n= + − .                                                ( 1 3 ) 

Hence, the 1-st order total differential at location (m, n) can be written as below 

( ) ( )2 2
( ) ( )

1 1 1( , ) ( , ) ( , )r cD m n P m n P m n= +
                                              ( 1 4 ) 

In order to reduce the computational complexity, in our scheme we calculate it using 

( ) ( )

1 1 1( , ) ( , ) ( , )r cD m n P m n P m n= +
                                               ( 1 5 ) 

In the same way, we can obtain the 2-nd and 3-rd order partial differentials and total differentials 

of B. Without loss of generality, B itself can be considered as the 0-th order total differential thereafter. 

In summary, we calculate six objects in total, including the 0-th, 1-st and 2-nd order total differentials 

and the 1-st, 2-nd and 3-rd order partial differentials. For each object, we use the histogram and 

co-occurrence matrix to capture the correlations between the elements. 

Take the 0-th order total differential B for example, the histogram can be calculated as 

1 1

( ) ( ( , ), )
M N

i j

H v B i j vϕ
= =

= ∑∑
                                                     ( 1 6 ) 

By replacing B(i, j) with D1(i, j) and modifying the ranges of i, j, we can get the histogram of the 

1-st order total differential. Similarly, we can calculate the histograms of other objects. 

The neighboring co-occurrence matrices in B can be calculated as belows. For each object, we 

calculate the co-occurrence matrices in horizontal and vertical individually. 

( )
1

( )

1 1

( , ) ( ( , ), ) ( ( , 1), )
M N

c

i j

C m n B i j m B i j nϕ ϕ
−

= =

= +∑∑ i

                                        ( 1 7 ) 

( )
1

( )

1 1

( , ) ( ( 1, ), ) ( ( , ), )
M N

r

i j

C m n B i j m B i j nϕ ϕ
−

= =

= +∑∑ i

                                        ( 1 8 ) 

In summary, there are 6 histograms and 12 co-occurrence matrices obtained based on the high 

order differentials. 

High order statistical moments 

We use high order statistical moments to calculate features form the histograms and co-occurrence 

matrices obtained in section 3.2. In particularly, the 1-dimensional Discrete Fourier Transform of a 

histogram H can be referred to as the histogram characteristic function, which can be denoted as 

1
( [ ])k DFT H df � . Then the first and second order statistical moments can be calculated using Eq.19. 
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Since DFT is central symmetric, we only need to calculate in range of [1, N/2] for a DFT sequence 

with length N. 

/2 /2

1

1 1

N N
n n

k k

k k

M k f f
= =

= ∑ ∑i

                                                        ( 1 9 ) 

where n = (1, 2), kf  represents the magnitude corresponding to the frequency k, and N is the 

maximum of all magnitudes. 

For a co-occurrence matrix C, the 2-dimensional Discrete Fourier Transform can be considered 

as its characteristic function denoted as , 2 1 2( [ , ])r cf DFT M d d� , and the high order statistical 

moments in each dimension can be calculated using Eq.20. 

/2 /2/2 /2

2 , ,

1 1 1 1

( , )
c cr rN NN N

n n n

r c r c

r c r c

M r c f f
= = = =

= ∑ ∑ ∑ ∑i

                                              ( 2 0 ) 

where n = (1, 2), Nr and Nc represent the maximum magnitudes in the direction r and c, respectively. 

In summary, for each histogram, two features will be calculated by Eq.19. And for each matrix, 

four features will be calculated by Eq.20. As a result, there are 60 features extracted in the spatial 

domain. 

Experimental Results 

Image Database and JPEG Steganography Tools 

Image database #1 consists of 1610 raw colour images of different dimensions downloaded 

from Greenspun [8]. Image database #2 consists of 1096 sample images (768×512 or 512×768 

pixels) included in the CORELDRAW Version 10.0 software CD#3 [9]. Image database #3 includes 

1338 uncompressed colour images (512×384 or 384×512 pixels) downloaded from UCID image 

database [10].  

To evaluate the performance of our scheme, we focus on attacking five widely used JPEG 

steganography, i.e., Jphide[11], Outguess[12], Steghide[13], MB1[14] and MB2[15]. We use three 

kinds of embedding rates, 0.05, 0.10 and 0.20bpnc(bits per non-zero DCT coefficients) for each 

steganography. The embedded messages are random bit streams generated using Matlab2007b, we 

use LibSVM[16] to construct the classifiers. 

Performance Comparisons with existing JPEG blind steganalysis 

We use image database #1 in this experiment. In this subsection, experimental results are presented to 

demonstrate the performances of our proposed scheme. We compare the performance of our method 

with four effective universal algorithms FU200 [1], SHI324 [2] and CHEN486 [3]. For each 

steganography, we randomly select 500 cover images and the corresponding 500 stego images as the 

training set, and the rest images are used for testing. The experimental results reported in Table 1 are 

the arithmetic average of 20 times of tests. TPR and TNR represent the true positive rate and the true 

negative rate, respectively. AR is the final accuracy rate, which is calculated by AR=(TPR+TNR)/2.  

As we can see, our proposed method provides much better accuracy rate than that of FU200, SHI324 

and CHEN486 in detecting the JPEG steganography. Especially when then embedding rate is low 

(0.05bpnc), the performance of our proposed method is prominent.  
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Table 1 Performance comparisons with recent steganalysis schemes (in the unit of %) 

 bpnc 
FU200 SHI324 CHEN486 Proposed222 

TNR TPR AR TNR TPR AR TNR TPR AR TNR TPR AR 

JPHS 

0.05 85.50  14.50  50.00  36.67  63.60  50.14  37.66  62.52  50.09  72.52  51.80  62.16  

0.10 81.71  26.22  53.96  40.63  63.87  52.25  34.14  71.89  53.02  73.42  61.17  67.30  

0.20 83.06  75.68  79.37  71.17  80.54  75.86  66.13  74.32  70.23  93.15  89.10  91.13  

OG2 

0.05 85.68  25.59  55.63  65.05  60.36  62.70  85.05  77.84  81.44  98.11  96.67  97.39  

0.10 88.83  57.12  72.97  85.05  92.07  88.56  97.12  97.39  97.25  98.74  99.37  99.05  

0.20 98.02  96.94  97.48  98.38  99.46  98.92  99.37  99.37  99.37  99.46  98.65  99.05  

SH 

0.05 85.14  20.63  52.88  62.88  49.55  56.22  67.66  63.42  65.54  74.95  79.46  77.21  

0.10 85.50  22.61  54.05  58.29  60.18  59.23  76.13  72.25  74.19  86.13  86.76  86.44  

0.20 83.42  34.23  58.83  66.76  68.47  67.61  90.18  84.59  87.39  93.06  95.68  94.37  

MB1 

0.05 84.95  26.85  55.90  72.79  43.15  57.97  82.70  27.48  55.09  80.27  83.51  81.89  

0.10 90.09  57.75  73.92  83.15  71.98  77.57  82.16  71.08  76.62  96.85  95.14  95.99  

0.20 93.42  98.11  95.77  96.76  98.11  97.43  96.13  99.28  97.70  98.11  99.10  98.60  

MB2 

0.05 81.62  31.53  56.58  71.17  52.25  61.71  76.67  41.17  58.92  85.41  84.59  85.00  

0.10 89.10  48.56  68.83  81.62  86.94  84.28  77.03  88.47  82.75  96.13  96.22  96.17  

0.20 92.43  95.68  94.05  98.02  98.92  98.47  97.66  99.64  98.65  98.83  98.83  98.83  

Experiments on different image databases 

To give more convictive results, we take the same experiments on image database #2 and #3, in which 

the JPEG images are with different resolutions, different quality factors, and different sources. For 

each image database, we randomly select 1/2 of images to train and the rest for testing. Experimental 

results are reported in Table 2, where the results are the arithmetic average of 20 times of tests. The 

rightmost three columns list the average, standard deviation and variance of final accuracy rates on 

three different image databases. As we can see, although the testing JPEG images are with different 

resolutions, different quality factors and different source, the proposed method can provide stable 

detection accuracy in detecting all these five JPEG steganographic schemes: JPHS, OG2, SH, MB1 

and MB2. Especially when the embedding rate is high, such as 0.20bpp, the performance of our 

method is very stable.  

Table 2 Experiments on three different image databases (in the unit of %) 

 bpnc 
Image database #1 Image database #2 Image database #3 Average 

Standard 

Deviation 
Variance 

TNR TPR AR TNR TPR AR TNR TPR AR AR AR AR 

JPHS 

0.05 72.52  51.80  62.16  81.42 54.97 68.20 76.68 53.75 65.21 65.19  3.02  9.12  

0.10 73.42  61.17  67.30  80.73 65.10 72.91 73.26 57.97 65.62 68.61  3.82  14.57  

0.20 93.15  89.10  91.13  92.31 91.48 91.89 90.01 87.77 88.89 90.64  1.56  2.43  

OG2 

0.05 98.11  96.67  97.39  98.51 97.89 98.20 92.09 91.50 91.79 95.79  3.49  12.18  

0.10 98.74  99.37  99.05  100.00 99.31 99.65 99.41 98.97 99.19 99.30  0.31  0.10  

0.20 99.46  98.65  99.05  100.00 99.71 99.85 100.00 99.68 99.84 99.58  0.46  0.21  

SH 

0.05 74.95  79.46  77.21  78.94  79.10  79.02  70.84  76.53  73.69  76.64  2.71  7.36  

0.10 86.13  86.76  86.44  89.93  89.85  89.89  88.90  88.63  88.77  88.37  1.76  3.10  

0.20 93.06  95.68  94.37  93.12  96.89  95.01  93.88  94.90  94.39  94.59  0.36  0.13  

MB1 

0.05 80.27  83.51  81.89  86.34 88.56 87.45 79.73 78.12 78.93 82.76  4.33  18.71  

0.10 96.85  95.14  95.99  98.14 97.05 97.60 94.70 92.14 93.42 95.67  2.11  4.44  

0.20 98.11  99.10  98.60  100.00 99.60 99.80 99.73 98.73 99.23 99.21  0.60  0.36  

MB2 

0.05 85.41  84.59  85.00  89.40 89.76 89.58 83.47 81.69 82.58 85.72  3.56  12.64  

0.10 96.13  96.22  96.17  99.24 97.41 98.32 97.41 94.85 96.13 96.87  1.25  1.57  

0.20 98.83  98.83  98.83  100.00 99.31 99.65 99.76 99.71 99.73 99.40  0.50  0.25  

Conclusions 

In this paper, we have proposed a blind steganalysis scheme to effectively detect JPEG steganography. 

Not only the embedding changes occurred to the DCT coefficients but also the changes occurred in 

the spatial domain are analysed and captured. Since many advanced JPEG steganography can 
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preserve margin histograms of cover image during embedding, but cannot preserve such high-order 

statistics, we use the second order statistics, i.e., co-occurrence matrices, to capture the correlations 

between the coefficients in DCT domain. Besides, a new method to estimate the invariant 

components in spatial domain is introduced. In this way, the variable components probably changed 

during data embedding are calculated and more sensitive to the embedding changes. The 

experimental results bear out the effectiveness of the proposed method in detect advanced JPEG 

steganography compare with some steganalysis schemes reported recently. 
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Abstract. KNN algorithm is used for Chinese text classification in this paper. First, TF-IDF is chosen 

as the feature weighting method. To the characteristics of corpus used in this paper, TF-IDF is 

adjusted to a new method. At last, experimental result shows the accuracy of KNN text classifier can 

be improved with the adjusted feature weighting method. 

1 Introduction 

Since late 1990s, the explosive growth of Internet resulted in a huge quantity of documents available 

on-line. Technologies for efficient management of these documents are being developed continually. 

One of representative tasks for efficient document management is text categorization, called also 

classification: given a set of training examples assigned each one to some categories, to assign new 

documents to asuitable category.  

There are several classification schemes that can be potentially used for text categorization. One of 

these existing schemes  work well in the text categorization is KNN classification. KNN classification 

is an instance-based learning algorithm that has shown to be very effective for a variety of problem 

domains. This algorithm has also been used in text classification.A k-nearest-neighor classification 

based on feature extraction and a vector proximity or distance. KNN classification is a kind of 

memory-based learning in which every training instance is stored along with its category. To classify 

an object, the k nearest training examples to the object being classified  are found. Each of the k 

nearest neighbors votes for its training category. The resulting classification scores are the result of 

voting. It is possible to weight the votes by proximity[1,2].  

In this paper, LJParser 1.0.0.1 is used to segment Chinese into words.Then the feature extractor 

based on document frequency (DF)  removes words which  provides less information for text 

categorization[3,4,5].First,TF-IDF[6] is chosen as the feature weighting method. To the 

characteristics of corpus provided by Songbo Tan[7], TF-IDF is adjusted to a new method. At last, 

experimental result shows the accuracy of KNN text classifier can be improved with the adjusted 

feature weighting method. 

2 Chinese Text Classification Based on KNN 

The first step is to segment Chinese into words.Traditional text classification use VSM (Vector Space 

Model), which views documents as vectors in high dimensional spaces, to represent documents. In 

this vector model, each document is a vector and  its element corresponds to words in the whole 

document set. Unlike western languages, Chinese is written without spaces between words. To build a 

vector, it is first necessary to determine word boundaries. In this paper, LJParser 1.0.0.1 is used to 

segment Chinese into words. 

The second step in building a classifier is to build a vector which consistes of all the relevant words 

found in the train set of documents.  The relevant words can be defined to be those which occurred 
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more than 5 times but less than 1790 times in the training set which contains 1800 documents.  This 

would eliminate the very rare words that occurred and also the very common words that occur in 

almost every text document. these words would provide little information and it would be best to 

eliminate them.  Then, the whole training set can be viewed as a matrix where each row is a document 

and its columns are the relevant words. The values in the matrix can be binary, 1 for presence of the 

word and 0 for absence of the word. They can also be the within-document word frequency (TF), 

Inverse Document Frequency (IDF), or TF-IDF which is the combination of TF and IDF Document 

Frequency (IDF), or TF-IDF which is the combination of TF and IDF[6]. 

The last step is to train the classifier. KNN classification is one of the most fundamental and simple 

classification methods.To classify an unknown document 0d , the KNN classifier ranks the 

document's neighbors among the training documents, and use the class labels of k most similarity 

neighbors to predict the class of the input document. To measure the similarity efficiently, we make 

use of  Euclidean distance  as follows: 

2

1 2 1 2
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Dis d d d d
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where V denotes the dimension size of document vector 1d
�

, 2d
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The classes of these neighbors are weighted using the similarity of each neighbor to 0d  as follows: 
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Consequently, the decision rule in KNN classification can be written as: 
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3 Experiment Design and Experimental Result 

Algorithms are coded in Java and running on a Pentium-4 machine with single 2.0 GHz CPU. 

LJParser 1.0.0.1 is used to segment Chinese into words. 

3.1 Corpora and Cross-Validation 

The corpora with positive and negative evaluation of the hotel contains 2,000 documents provided by 

Songbo Tan [7].It includes: 

  1000 negative documents: neg0,neg1,neg2……neg999 

  1000 positive documents: pos0,pos1,pos2……pos999. 

In this experiments, ten-fold Cross-Validation is adopted. The fold(1-9) is defined as follows: 

Fold-i: 

pos1i,pos2i……pos9i,pos1i0……pos1i9,pos2i0……pos9i0,pos9i1,pos9i2……pos9i9 

neg1i,neg2i……neg9i,neg1i0……neg1i9,neg2i0……neg9i0,neg9i1,neg9i2……neg9i9. 

Fold-i will be used for test and the remaining parts for train.  
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3.2 Feature Selection and Weighting Method 

This paper, Document Frequency is employed as feature selection method. The features can be 

defined to be words which occurred less than 1798 times in the training set which contains 1800 

documents.   

TF-IDF is utilized as feature weighting method. The formula for calculating TF-IDF can be written 

as follows:              

( , ) ( , )*log( 0.01)
t

D
W t d tf t d

n
= +

� �

                                       (6) 

whereD  is the total number of training documents, tn  is the number of documents containing the 

word t . ( , )tf t d
�

 indicate the occurrences of word  t  in document d . 

Formula (2) is used to measure the similarity of document vectors. 

3.3 The Adjusted Feature Weighting Method 

According to formula(6), more number of documents contain the word t ,the word will be more 

unimportance. Let 1tn  be the number of positive documents containing the word t and 2tn be the 

number of negative documents containing the word t ,Then 

1 2t t tn n n= +                                                                         (7) 

Analyzing the characteristics of corpus used in this paper, the number of positive documents 

containing emotinal words may be large. Simultaneously, the number of negative documents 

containing these words may be  small. From formula (7), we could get that the relatively large number 

of documents contain these emotinal words, although they play an importance role in text 

categorization.  

To the characteristics of corpus, TF-IDF could be adjusted to adapt to the characteristics of corpus. 

1) Training corpus : the feature weighting method could be adjusted as follows: 

*( , , ) ( , )*log( 0.01 ( , ))
t

D
W t d C tf t d cf t C

n
= + +

� �

                   (8) 

where C  is category of document d , ( , )cf t C  indicate the occurrences of word  t  in category C . 

2) Testing corpus: the feature weighting method could be adjusted as follows: 

** ( , )
( , ) ( , )*log( 0.01 )

t

D tf t d
W t d tf t d

n cNum
= + +

�

� �

                      (9) 

where cNum  is the number of categories . 

3.4 Experimental Result 

Table 1 the accuracy of KNN text classifier with TF-IDF and the adjusted TF-IDF 
                       Accuracy 

Fold to test TF-IDF The adjusted TF-IDF 

fold-1 0.601010101 0.737373737 

fold-2 0.636363636 0.737373737 

fold-3 0.611111111 0.757575758 

fold-4 0.616161616 0.797979798 

fold-5 0.646464646 0.782828283 

fold-6 0.671717172 0.797979798 

fold-7 0.636363636 0.762626263 

fold-8 0.585858586 0.752525253 

fold-9 0.631313131 0.742424242 
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，那是因为 ?谭松波的语料 ?个文档都比较小：有的就十几个字，”关键词“?现的次数很小
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Fig. 1 Curves Basing on Table 1 

From Fig.1, experimental result shows the accuracy of KNN text classifier can be improved with 

the adjusted feature weighting method. 

4 Conclusion 

To the characteristics of corpus used in this paper, TF-IDF is adjusted to a new method. Experimental 

result shows the accuracy of KNN text classifier can be improved with the adjusted feature weighting 

method. The future work is to apply the adjusted feature method to Naive Bayesian classifier and 

SVM classifier etc. 
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Abstract：：：：Multi-point boundary value problem is studied in this paper. With the condition that 

nonlinear term f  is superlinear or sublinear, it is proved that there exists at least one positive 

solution to multi-point Sturm-Liouville boundary value problem by using the fixed-point theorem 

concerning cone expansion and compression of norm type. 

Introduction 

Multi-point boundary value problems (BVPs)for ordinary differential equations arise in a variety of 

areas of applied mathematics and physics(see[1]); also,many problems in the theory of elastic 

stability can be handled by multi-point problems in [2].The existence of solutions of second order 

multi-point boundary value problems has been studied by many authors using the nonlinear 

alternative of Leray-Schauder fixed point theorem in cones (see[3,4,5]).There are very few works on 

the multi-point boundary value problem for higher order ordinary differential equation. 

Recently, the existence of solutions of fourth order four-point boundary value problems has been 

studied by reference[6] using the fixed point theorem in cones. 
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We are going to investigate more general fourth nonlinear ordinary differential equation with the 

following four-point boundary value conditions 
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We assume [ ]: 0,1 [0, ) ( ,0] [0, )f × +∞ × −∞ → +∞  is continuous ， , , , , , , ,a b c dα β γ δ are 

nonnegative constants and 
1 2 1 20 1,0 1,ξ ξ µ µ≤ < ≤ ≤ < ≤  furthermore , , , , , , , ,a b c dα β γ δ , 

1 2,ξ ξ ，
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1 2,µ µ  satisfy the following conditions: 

( )1 2 1: 0ρ αδ βγ αγ µ µ= + + − > ， ( )2 2 1: 0ad bc acρ ξ ξ= + + − > ， ( )1 20 1 0a b and c dξ ξ− + ≥ − + ≥  

The way of processing in this paper different from paper [6]. With the condition that f is 

superlinear or sublinear , we proved that the boundary value problem (2) has at least one positive 

solution. 

Preliminaries and Lemmas 

The key tool in our approach is the following fixed point theorem. 

lemma1: Let X  be a Banach space,and P X⊂  be a cone in X .Assume 1 2,Ω Ω  are open 

subsets of X with 1 1 20 ,∈Ω Ω ⊆ Ω and let ( )2 1: \T P P∩ Ω Ω → be a completely continuous 

operator such that either: 

1 2

1 2
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≥ ∈ ∩∂Ω ≤ ∈ ∩∂Ω
 

Then T has a fixed point in ( )2 1\P∩ Ω Ω . 

Let ( )1 ,G t s  is Green function of  boundary value problem  
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Denote [ ]0,1 ,X C= which equipped with the norm ( )
[0,1]
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Where    ( ) ( )1 1 2 1 2 2 2 1

1 1
,

4 4
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Then K and P is obviously a cone in X .We define the operator :S K X→  by 

( ) ( ) ( ) ( ) [ ]2

1
1 , , 0,1Sv t G t s v s ds t

µ

µ
= ∈∫                                             (4) 

Lemma 2：：：：Suppose the boundary value problem of integral differential equation  
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has positive solution，then the boundary value problem (2) has positive solution too. 

Proof: Assume ( )v t  is a positive solution of the boundary value problem(5) ， let 

( ) ( )( ) [ ], 0,1u t Sv t t= ∈ ，then we can proof ( )u t  is a positive solution of  boundary value 

problems (2) easily. 

Let ( )2 ,G t s  is Green function of boundary value problem 

( )
( ) ( ) ( ) ( )

''

1 1 2 2

0,0 1

' ' 0

v t t

av bv cv dvξ ξ ξ ξ

− = ≤ ≤


− = + =
                                        (6) 

Then ( )
( )( ) ( )( )
( )( ) ( )( )

1 2 1 2

2

2 1 2 1 2

, ,1
,

, ,

a s b c t d s t s
G t s

a t b c s d t s s

ξ ξ ξ ξ

ρ ξ ξ ξ ξ

 − + − + ≤ ≤ ≤
= 

− + − + ≤ ≤ ≤

 

Lemma3：：：： ( )2 ,G t s  hold the following properties(see[6])： 

1） ( ) ( ) [ ] [ ]2 2 1 20 , , , 0,1 , ,G t s G s s t s ξ ξ≤ ≤ ∈ ∈ ,    2） ( ) ( ) [ ] [ ]2 2 1 2 1 2

1
, , , , , ,

4
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We define the operator :T P X→  by 
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1
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ξ

ξ
= − ∈∫                                 (7) 

obviously，a fixed point of operator T  is positive solutions of boundary value problem (5). 

Lemma 4：：：： :T P P→ is a completely continuous operator(see[6]) . 

Main result  
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Theorem1:  Assume that f is superlinear，i.e.,
0 0f = and f∞ = +∞，then the boundary value 

problem(2) has at least one positive solution. 

Proof:  since 0 0f = ，then for any ε  satisfying ( )2

1
2 , 1G s s ds

ξ

ξ
ε ≤∫ ,we can choose 1 0h >  such 

that  

 ( ) ( ), ,f t x y yε≤ − ， [ ]1 2,t ξ ξ∈ , [ )0,x∈ +∞ ， [ ]10,y h− ∈                          (8) 

Set { }1 1:v P v hΩ = ∈ < ,For 1v∀ ∈∂Ω ，from (8) and lemma 3 we can get  

   ( ) ( ) ( )( ) ( )( ) ( ) ( ) ( )2 2 2

1 1 1
2 2 2, , , , , || ||Tv t G t s f s Sv s v s ds G s s v s ds G s s v ds v

ξ ξ ξ

ξ ξ ξ
ε ε= − ≤ ≤ ≤∫ ∫ ∫     

Which implies   

Tv v≤ ， 1v∈∂Ω                                                         (9) 

next，since f∞ = +∞，then for any *ε  satisfying  ( )2
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2 1h h>  such that  
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( ) ( )*, ,f t x y yε≥ −  [ ]1 2,t η η∈ , [ )0,x∈ +∞ ， 2
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Which implies 

Tv v≥ ， 2v∈∂Ω                                                       (11) 

Hence from(9) , (11) and Lemma 1,the operator T  has a fixed point u  in ( )2 1\P∩ Ω Ω ，u  is a 

positive solution of  boundary value problems (2). 

Theorem2:  Assume that f is sublinear，i.e., 0f = +∞ and 0f ∞ = ，then the boundary value 

problem(2) has at least one positive solution. 

Proof:  since 0f = +∞，then for any ε  satisfying ( )2

1
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Set { }3 3:v P v hΩ = ∈ < ，For 3v∀ ∈∂Ω ，using method of [6], we can get  
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We consider two cases: 

Case(i):Suppose f  is bounded,i.e.,there exists a positive constant L  such that 
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Case(ii): Suppose f  is unbounded,then define a function * :[0, ) [0, )f +∞ → +∞ by 
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From lemma 3 and (15)、(16)，we can get 
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Therefore,in either case,we can set { }4 4:|| ||v P v hΩ = ∈ < ,such that 

    4|| || || ||,Tv v v≤ ∈∂Ω                                                          (17) 

Hence from(13) , (17) and Lemma 1,the operator T  has a fixed point u  in ( )4 3\P∩ Ω Ω ，
u  is a 

positive solution of  boundary value problems (2). 
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Abstract. This paper introduces game theory to analysis of the development of college sports in the 

emerging imbalance. In the new social conditions, the paper is to explore the deep interaction of 

decision-making behavior in college educational resource allocation. Aim at exploring to make 

college physical education resources optimize the mode of cooperation, and promote the harmonious 

development of college sports. 

1. Introduction 

In the new social environment, from the point of the stage on the effectiveness of college sports , 

strengthen their students' health is the main purpose , but the current situation on the effect of 

college sports enhancing student body is not satisfactory, which may be relevant with our methods 

of operation and guiding ideology 
[1]
. Ago, we emphasized on the reality of increasing physical 

benefits, but ignore how to mobilize the students actively, how to encourage students to form the 

habit of physical exercise. Now the education sector has reached a consensus, education will pay 

more attention to teaching students life-long education and learning 
[2]
. With the changes in school 

physical education guidelines, the overall objective of school physical education has been, 

strengthen their students' health, promote the full development of students, and the awareness of 

students engaged in sports, interests, habits, and abilities. Improve physical literacy to lay a good 

foundation for life-long physical education. 

Game refers to the process that individuals or organizations, under certain rules and certain 

environmental conditions，rely on the information available, start from its maximum benefits to 

choose their own actions or strategies and implement , make the expected utility or benefits to 

achieve the maximum
[3]
. Game Theory is a science that analysis of game behavior and game 

decision-making, is a theory that study the behavior of the main decision-making under the direct 

interaction, how to make decisions, and that how to achieve balance
[4]
. This paper introduces game 

theory to analysis of the development of college sports in the emerging imbalance. In the new social 

conditions, the paper is to explore the deep interaction of decision-making behavior in college 

educational resource allocation. Aim at exploring to make college physical education resources 

optimize the mode of cooperation, and promote the harmonious development of college sports. 
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2. The Main Problems of College Sports 

2.1 The Deviation of Physical Ideas 

First, misunderstanding of enhancing students in college physical teaching 

"Enhancing Students" is one of the important objective of physical education, which is the founding 

of New China, relevant Comrade Mao introduce the guidelines of develop sports and enhance 

people's health. For a long period of time, the main goal of physical education did not suffer from 

doubt. But with the physical education reform, physical education produced a number of issues in 

the practical work. 

Usually within 90 minutes of PE curriculum, up to about 40% of the time for physical exercise, a 

student will have 40 minutes. Coupled with the capacity, sports facilities and other factors, students 

have less time in the classroom training. Each semester has 10 hours, how can we enhance physique 

in such short time. 

Second, students drop in status, whether due to physical education is not achieve the sports 

teaching objectives of "physical enhancement”. Students' monitoring results in 2001 tell us that, in 

addition to a slight increase in height and weight than in the past, students' endurance, strength and 

lung capacity are even worse. Whether the physical education has gone wrong? there are many 

reasons due to student physical health problems; different regions have different problems and 

different reasons. Mainly due to students lack of physical exercise, including time and intensity is 

not enough. Among these are lack of school space, timing and content of arranging sports activities, 

but also the student’s lack of hard training. He also emphasized that the social accelerated rhythm, 

academic pressure and social competition increase, lack of sleep and mental stress also become 

reasons that affect student’s health. Clearly, the decline of student physical health status is not due 

to physical education. 

2.2 Confusion and Reflection of Physical Education Goals 

"To teach students basic knowledge, basic technology and basic skill" (hereinafter referred to impart 

three bases) are the most commonality goal for physical education and other disciplines. However, 

due to physical science's characteristics in the teaching, as we study the physical theory is not 

thorough; there are also doubts in objective understanding of the physical education. 

First of all, the "basis" and "basic “of sports science based on scientific content in logic and 

human's requirements. Sports science was not clearly defined in both areas. Consequently, the 

"basis" and "basic" of sports science has been unclear. Second, is a realistic way of thinking that 

consider the "basis" and "basic “of sports science from social sports and life-long sports practice's 

needs. However, under the mindset that we regard the "practical" as a "pragmatic", under the 

conditions that the thinking in lifelong sports not to be accepted the research and work in this area 

also appeared quite lacking. Therefore, the methodology that we determine the "basis" and "basic 

“of sports science from social sports and life-long sports practice's needs has not yet established. 

2.2 Due to college sports practice cannot keep touch in the guiding ideology of lifelong physical, 

the students dislike physical education. 

Our school physical education still have the phenomenon that of great importance to the 

competitive sports and curricular contempt, neglect extracurricular contempt. Teaching content part 

from the actual situation is difficult to grasp for students, is not conducive to students interested in 

sports and difficult to develop exercise habits. is not conducive to strengthening students either. 

Divided education and development into several disparate parts is not conducive to student learning, 

is a heavy physical burden on students. 

College Sports did not lay a foundation for life-long sport mainly as follows: students in a poor 
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sense of physical training, weak health awareness and students lack of physical exercise habits and 

abilities. This situation mainly due to our school sports make too much emphasis on students’ 

short-term benefit in the school, neglect life-long physical exercise social function and value for 

students entering society .We also emphasized on students form physical exercise habits, but was 

not comprehensive, profound in theory or not be a system in practice. Teach students in passive 

mechanical imitation. Largely suppressed the development of student individual, ignore the 

individual creativity of students and the development of physical capabilities. 

3. The factors affecting the development of university sports and the inherent contradictions 

and countermeasures of game. 

3.1 Analysis on higher education resources in college sports uneven distribution. 

With the development of the community, sports have taken an increasingly significant role to 

promote human development. People pay more and more attention to sports. The sports have a 

crucial role to promote community and modernization of students It is an important means of 

personality to promote successful students. 

From the current situation of the development in higher education, only a small part of the 

universities put emphasis on college sports. Most of the universities neglect college sports. This 

makes college sports in an embarrassing situation that would like to pursue development but have 

no resources to support, and it made college sports far behind the development of higher education. 

College is the last stop for people to accept school physical education. The lagging development of 

college sports, directly affect the students' formation of the concept of sports, sports consciousness, 

and physical exercise habits. 

College sports are an integral part of higher education. Both of them share a common goal serve 

the people with the all-round development. But the two also constraints, constitute the game of the 

two sides. According to the views of Game Theory, the main issues to be addressed now, is to find a 

win-win situation led to collaboration between higher education and college sports. 

3.2 Analysis on college sports' internal factors 

College sports consist of sports classroom teaching, sports extracurricular activities, sports 

associations, various sports competitions and so on. Now in China, College sports are 

over-emphasis on classroom teaching, and neglect other components. It is not enough to form 

students' awareness of life-long sport and good exercise habits with weekly classroom instruction. It 

requires physical education teaching, sports extra- curricular activities and other components work 

together, for students to form a good habit of physical activity and good physical and mental state 

and to achieve the requirements for overall development. 

Sports classroom teaching, sports extracurricular activities and sports associations are interrelated 

constraints and promote each other. Game Theory tells us if we take too much emphasis on one 

aspect will affect the other two. This cannot form a good win-win model，affecting the development 

of college sports either. 

4. Conclusions and Recommendations 

1) In recent decades our school sports study more in the issue of specific micro-level, but it is not 

enough in the ideas of school sports and other macro- level, meson-level problems. School sports' 

reform must be to develop deep. Here, we should study school sports trends and reform measures 
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mainly from the perspective of lifelong physical education. Establish life-long physical education as 

the main ideas of school sports' reform and development.  

2) School sports implement the guiding ideology of life-long sports, reflects the life-long 

participation in sports activities to develop students ability and habit. Life-long physical idea is the 

best choice to guide other school sports' ideology. Regard life-long physical education as the 

dominant ideology of school sports' reform and development, which is the inevitable evolution of 

the concept of school sports, is also to promote the needs of school sports' reform and fitness. If we 

want school sports open up a new situation, we must uphold the guiding ideology of life-long 

sports. 

3) Handle the relationship between school sports and competitive sports correctly. School sports 

and competitive sports are not antagonistic or incompatible. School sports' purpose is to enhance 

students' body, improve students' health, and let students learn basic knowledge, technology and 

skills Competitive sport is a useful supplement to school sports, competitive sports is the cultural 

treasures of mankind sports. 

4) With the further reform of school physical education, new curriculum standards will be 

implemented nationwide. Physic and health curriculum requires students not only enhance physical 

fitness, have basic sports knowledge and sports skills, but students are expected to form the habit of 

physical exercise, healthy and positive lifestyles , optimistic and cheerful attitude towards life. 
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Abstract: The unbiased estimator of unknown parametric function based on possion’s population is 

discussed, and the expression of two classes of estimable function are given. Applying Maclaurin's 

series, it’s proved that the unbiased estimator of the functions are exist, and utilizing the induction 

method , derived out the generalized expression of unbiased estimator. By means of comparing the 

unbiased estimator of the two classes of estimable functions, it’s found that the estimator cannot be 

direct constructed with parametric estimator. 

0   Introduction 

Let X ~Poisson(λ )， )(xg  is a real valued function, when 
∧

θ  is the unbiased estimator of the 

unknown  parameter θ . Generally speaking, )(
∧

θg  isn’t the unbiased estimator of )(θg , thus, 

when ）（
∧

θE =θ , we don’t get ))((
∧

θgE = )(θg .the definition of unbiased estimator for the 

unknown parameters θ  and )(θg  can be found in reference[1]. In the paper, we assumed that the 

population distribution is Poisson distribution and by the Maclaurin series expansion, we obtain that 

the unbiased estimator of the two expression of )(θg . 

1   Several unbiased estimators of function 

Let X ~Poisson(λ ), and it’s probability  distribution is )( xXP = = λλ −e
x

x

!
， x = 0, 1, 2…, the 

unknown parameter θ = 0>λ , Sampling the random samples ），，，（ nXXX �21  from population 

X , the probability  distribution of iX  is )( xXP i = = λλ −e
x

x

!
， x = 0, 1, 2…,  we make the 

estimator of )(θg  based on the random samples ），，，（ nXXX �21 . And it’s unbiased estimator is 

)(Xg
∧

. )(Xg
∧

 is the function of the random samples, so it is a random variable . so 

),,,()( 21 nXXXfXg �=
∧

. 
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Using ），，，（ nxxx �21  denotes the values of random samples ），，，（ nXXX �21 . When the 

samples is given, it’s a value of the estimator of )(θg . 

1.1 for the case λλθ kegg == )()(  

In bibliography[2], the Maclaurin expansion of the function xe  is given by  

xe = 
!0 n

x n

n

∑
∞

=

 = �� +++++
!!2

1
2

n

xx
x

n

, )( +∞<<−∞ x  

Using the Maclaurin expansion of the function, we have λλθ kegg == )()( . 

Theorem 1. Let λλθ egg == )()( 11 , then the unbiased estimator of )(1 λg  is 2 iX . 

Proof: By expectation of function of random variable[3] and Maclaurin expansion of xe , 

We obtain  

)2( iXE = )(2
0

xXP i

x

x =∑
∞

=

 = λλ −
∞

=
∑ e

x

x

x

x

!
2

0

= 
!

)2(

0 x
e

x

x

λλ∑
∞

=

− = λλλ eee =− 2 , 

Thus, 2 iX  is the unbiased estimator of λλθ egg == )()( 11 . 

Corollary 1. Let λλθ 2

22 )()( egg == , then the unbiased estimator of )(2 λg  is 3 iX .                            

Proof: From Th (1) it follows that  

)3( iXE = )(3
0

xXP i

x

x =∑
∞

=

 = λλ −
∞

=
∑ e

x

x

x

x

!
3

0

= 
!

)3(

0 x
e

x

x

λλ∑
∞

=

− = λλλ 23 eee =− . 

Combining Th (1) with Corollary (1) ,we have the following: 

Theorem 2. Let λλθ kegg == )()( 33 ,then the unbiased estimator of )(3 λg  is  

)1( +k iX ,where k  is a positive integer. 

Proof: By Th (1) with Corollary (1), we have  

))1(( iXkE + = )()1(
0

xXPk i

x

x =+∑
∞

=

 = λλ −
∞

=
∑ + e

x
k

x

x

x

!
)1(

0

 

= 
!

))1((

0 x

k
e

x

x

λλ +
∑
∞

=

− = λλλ kk eee =+− )1(  . 

1.2 for the case λλθ kegg −== )()(  

Theorem 3. Let λλθ −== egg )()( 44 , then the unbiased estimator of )(4 λg  is 
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)(Xg
∧

=




≠

=
=

∧

0，

0

i

i

i
X

X
Xe

0

  ,1
)(  

Proof: Set estimator )()( ii XfXe =
∧

,so 

))(( iXeE
∧

= )()(
0

xXPxf i

x

=∑
∞

=

= λλ −
∞

=
∑ e

x
xf

x

x !
)(

0

 

= 
!0

1
0λλ ⋅⋅−e  +

!
0

1 x
e

x

x

λλ∑
∞

=

− ⋅ λ−= e  . 

Corollary 2. Let λλθ 2

55 )()( −== egg , then the unbiased estimator of )(5 λg  is  





−
=

∧

odd. is ，

even. is 

i

i

i
X

X
Xt

1

  ,1
)(  (Note that number 0 is an even) 

Proof:  Set )()( ii XXt ϕ=
∧

, from Th (3) it follows that  

        ))(( iXtE
∧

= )()(
0

xXPx i

x

=∑
∞

=

ϕ  

= λλ −
∞

=
∑ − e

x

x

x

x

!
)1(

0

= 
!

)(

0 x
e

x

x

λλ −
∑
∞

=

− = λλλ 2−−− = eee  .  

Combining Th (3) with Corollary (2), we conclude the following theorem: 

Theorem 4. Let λλθ kegg −== )()( 66 , then the unbiased estimator of )(6 λg  is 

iX

i kXm ))1(()( −−=
∧

, where 2≥k , 0 is even. 

Proof: Define estimator )()( ii XXm ρ=
∧

, so  

))(( iXmE
∧

= )()(
0

xXPx i

x

=∑
∞

=

ρ   

= λλ −
∞

=
∑ −− e

x
k

x

x

x

!
))1((

0

= 
!

))1((

0 x

k
e

x

x

λλ −−
∑
∞

=

− = λλλ kk eee −−−− =)1(  . 

2  When 
∧

θ  is the unbiased estimator of the unknown parameter θ , )(
∧

θg  is not the 

unbiased estimator of )(θg . 

When X ~Poisson(λ ),and it’s probability  distribution is )( xXP = = λλ −e
x

x

!
， x = 0, 1, 2…, the 

unknown parameter θ = 0>λ , sampling the random samples ），，，（ nXXX �21  from the 
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population X , we can proved [4] X  and 2S = ∑
=

−
−

n

i

i XX
n 1

2)(
1

1
 are all the unbiased estimator of 

λ . 

In generally speaking ,for arbitary real number α，0≤α≤1，α X +（1-α） 2S  is the unbiased 

estimator of λ .thus 
∧∧

= λθ = X （
2S or α X +（1-α） 2S ）. 

Since X  is the unbiased estimator of λ [5]. then X==
∧∧

λθ . think about , 

2

77 )()( λλθ == gg  is the function of λ , whether )(7

∧

θg = )(7

∧

λg  is the unbiased estimator or 

not? In other words, its unbiased estimator is 22 )()(
∧∧

= λθ =
2

X  or not?  

Lemma 1. Suppose that X ~Poisson(λ ),sampling the random samples ），，，（ nXXX �21  from 

the population X , then Xn = ∑
=

n

i

iX
1

~ )( λnP . 

Proof: since 1X  , 2X  i.i.d. and 1X ~ )(λP  , 2X ~ )(λP ,  then probability distribution function 

of =Z +1X 2X  is =)(zP ∑
=

−
z

x

XX xzPxP
0

)()(
21

= λλ 2

!

)2( −e
z

z

，where �、、、210=z , that is 

=Z +1X 2X ~ )2( λP .  

By mathematical induction, we deduce that Xn = ∑
=

n

i

iX
1

~ )( λnP . 

Theorem 5. Let 2

77 )()( λλθ == gg , then the unbiased estimator of )(7 θg  is ∑
=

−
n

i

ii XX
n 1

)1(
1

, 

not 
2

X . 

Proof: By Lemma 1, we have  

)(
2

XE = ))(
1

( 2

2
Xn

n
E = ))((

1 2

2
XnE

n
 = ]))(()([

1 2

2
XnEXnD

n
+   

= ]))(()([
1 2

11
2 ∑∑

==

+
n

i

i

n

i

i XEXD
n

= ))((
1 2

2
λλ nn

n
+  = 21

λλ +
n

2λ≠ . 

Hence 22 )()(
∧∧

= λθ =
2

X  is not the unbiased estimator of )(7 θg . 

=−∑
=

))1(
1

(
1

n

i

ii XX
n

E =−∑ ∑
= =

n

i

n

i

ii X
n

X
n

E
1 1

2
)

11
( ∑ ∑

= =

−
n

i

n

i

ii XE
n

XE
n 1 1

2
)(

1
)(

1
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= ∑ ∑
= =

−+
n

i

n

i

iii XE
n

XEXD
n 1 1

2 )(
1

)))(()((
1

= =−+∑ ∑
= =

n

i

n

inn 1 1

2 1
)(

1
λλλ 2λ . 

So ∑
=

−
n

i

ii XX
n 1

)1(
1

 is the unbiased estimator of )(7 θg . 

In theorem 6, we obtained the unbiased estimator of λλθ egg == )()( 11  is 2 iX , the conclusion 

can’t get from )(1

∧

θg = Xe , for )(1

∧

θg = Xe  is not the unbiased estimator. proof as follows. 

Theorem 6. Let λλθ egg == )()( 11 , then  )(1

∧

θg = Xe is not the unbiased estimator of )(1 θg . 

Proof: ))(( 1

∧

θgE = ))(( 1

∧

λgE = )( XeE = )(
)(

1
Xn

neE = )(
0

zXnPe
z

n

z

=∑
∞

=

 

= λλ n
z

z

n

z

e
z

n
e −

∞

=
∑

!

)(

0

=
!

)(

0 z

n
ee

z

z

n

z

n λλ∑
∞

=

− λe≠  

3  Conclusion 

We obtain the unbiased estimator of two functions λλθ kegg == )()(  and λλθ kegg −== )()( , 

given the conditions that X ~Poisson(λ ) and θ =λ . And analysis the unbiased estimator of the 

unknown parameters θ  and )(θg . 
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Abstract. In this paper, suppose E  is an arbitrary uniformly smooth real Banach space, and D  is a 

nonempty closed convex subset of E . Let T  be a generalized Lipschitzian and uniformly 

pseudocontractive self-map with F(T ) φ≠ .  Suppose that { }
1n n

u
∞

=
, { }

1n n
x

∞

=
 are defined by Mann 

iteration and implicit Mann iteration respectively, with the  iterative parameter { }
1n n

a
∞

=
 satisfying 

certain conditions. Then the above two iterations that converge strongly to fixed point of T are 

equivalent.  

1.  Introduction 

Let *E  be the dual space of real Banach space E  and D  be a nonempty closed convex subset of 

E . Suppose 
*

: 2EJ E→ is the normalized duality mapping defined by  

{ }2 2*( ) : , , ,J x f E x f x f x E= ∈ < >= = ∀ ∈  

where < ·, · > denotes the generalized duality pairing. The single-valued normalized duality 

mapping is denoted by j .  

Definition 1.1[1] A mapping :T D D→  is called uniformly pseudocontractive if for any 

,x y D∈ , there exist ( ) ( )j x y J x y− ∈ −  and a strictly increasing continuous function 

:[0, ) [0, )Φ +∞ → +∞  with (0) 0Φ =  such that  

2
, ( ) ( ).Tx Ty j x y x y x y< − − >≤ − −Φ −  

Definition 1.2[2] The mapping :T D D→  is called generalized Lipschitz map if there exists a 

constant 0L >  such that  

                            (1 ),Tx Ty L x y− ≤ + −                              （1.1） 

for all , ( )x y D T∈ . Clear, if map T  either is Lipschitz or has a bounded range, then T  must be a 

generalized Lipschitz map. Conversely, the following example indicates that the class of 
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generalized Lipschitz map neither is Lipschitz nor has the bounded range.  

Example 1.3 (see [2]).  Let ( , )E = −∞ +∞  with the usual norm. Define :T E E→  by  

3
1, ( , 1),

2

3
, ( 1,0),

2

3
, [0, ).

2

x
if x

x
Tx x if x

x
if x

− + ∈ −∞ −

−

= + − ∈ −

−

∈ +∞

 

Definition 1.4 Let :T D D→  be a mapping. For any given 1u D∈ , define the sequence 

{ }
1n n

u D
∞

=
⊂  by the iterative schemes  

1 (1 ) , 1,n n n n nu a u a Tu n+ = − + ≥                                  (1.2)  

which is called Mann iteration,  where  { }
1n n

a
∞

=
 is a real sequence in [0,1]  satisfying some 

certain conditions.  Another, we assume that there exists 1( )I tT −−  , for all (0,1)t∈ . For any 

given 1x D∈ ,  define the sequence { }
1n n

x D
∞

=
⊂  by the iterative schemes  

1 1(1 ) , 1,n n n n nx a x a Tx n+ += − + ≥                                (1.3)  

which is called implicit Mann iterations.  

The aim of this paper is to prove the equivalence between the convergence of above two 

iterations when T  is generalized Lipschitz and uniformly pseudocontractive mapping in real 

uniformly smooth Banach spaces. For this, we need the following Lemmas.  

Lemma 1.5[2] Let E  be a real Banach space and let 
*

: 2EJ E→  be a normalized duality 

mapping. Then 

2 2
2 , ( ) ,x y x y j x y+ ≤ + < + >  

for all ,x y E∈  and each ( ) ( )j x y J x y+ ∈ + .  

Lemma 1.6[3] Let { }
1n n

ρ ∞

=
 be a nonnegative real numbers sequence satisfying the condition 

1 (1 ) ( ),n n n nρ θ ρ ο θ+ ≤ − +  

where (0,1)nθ ∈  with 
1

n

n

θ
∞

=

= ∞∑ . Then 0nρ →  as n→∞  .  

2.  Main Results 

Theorem 2.1 Let E  be a real uniformly smooth Banach space and D  be a nonempty closed 

convex subset of E , let :T D D→  be a generalized Lipschitzian and uniformly pseudocontractive 
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map. Let  q   be a fixed point of T  in D . Suppose  that { }
1n n

u
∞

=
 and  { }

1n n
x

∞

=
 are defined by 

(1.2) and (1.3) respectively,  with  the  iterative parameter { }
1n n

a
∞

=
 satisfying:  0na →  as 

n→∞ ; 
0

n

n

a
∞

=

= ∞∑ .  Then the following two assertions are equivalent:  

(i) Mann iteration (1.2) converges to the fixed point of T ;  

(ii) implicit iteration (1.3) converges to the fixed point of T .  

Proof. By the definition of uniformly pseudocontractive map, we know that the fixed point of  

T  is unique. If Mann iteration (1.2) converges to the fixed point ( )q F T∈ , i.e., 0nu q− →  as  

n→∞ , then we want to prove that  0nx q− →  as n→∞ .  Without loss of generality, we 

assume that  0nu q− ≤  for all  0n ≥ .  

Applying (1.1), (1.2) and Lemma1.5, we have  

2

1 1

2

1

22

1 1 1

22

1 1 1 1

1 1 1

2 22

1 1 1 1

(1 )( ) ( )

(1 ) 2 , ( )

(1 ) 2 , ( )

2 , ( )

(1 ) 2 ( ( ))

2

n n

n n n n n n

n n n n n n n n

n n n n n n n n

n n n n n

n n n n n n n n

n

x u

a x u a Tx Tu

a x u a Tx Tu j x u

a x u a Tx Tu j x u

a Tu Tu j x u

a x u a x u x u

a

+ +

+

+ + +

+ + + +

+ + +

+ + + +

−

= − − + −

≤ − − + < − − >

≤ − − + < − − >

+ < − − >

≤ − − + − −Φ −

+ 1 1 1

2 22

1 1 1 1

1 1 1

(1 ) 2 ( ( ))

2 (1 .

n n n n

n n n n n n n n

n n n n n

Tu Tu x u

a x u a x u x u

a L u u x u

+ + +

+ + + +

+ + +

− ⋅ −

≤ − − + − −Φ −

+ + − ⋅ −

                 (2.1) 

Observe that  

     

1

( )

( )

( (1 ) )

(1 2 ).

n n

n n n

n n n

n n

n

u u

a Tu u

a Tu Tq u q

a L L u q

a L

+ −

= −

≤ − + −

≤ + + −

≤ +

                                       (2.2) 

Substituting (2.2) into (2.1), we obtain  

2

1 1

2 22

1 1 1 1

1 1

2 22

1 1 1 1

2

1 1

(1 ) 2 ( ( ))

2 (1 (1 2 ))

(1 ) 2 ( ( ))

(1 (1 2 )) (1 (1 2 )) ,

n n

n n n n n n n n

n n n n

n n n n n n n n

n n n n n n

x u

a x u a x u x u

a L a L x u

a x u a x u x u

a L a L a L a L x u

+ +

+ + + +

+ +

+ + + +

+ +

−

≤ − − + − −Φ −

+ + + ⋅ −

≤ − − + − −Φ −

+ + + + + + −

                (2.3) 

Without loss of generality, we assume that 0 1 2 (1 (1 2 )) 1.n n na a L a L< − − + + <   Then (2.3) implies 
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that  

 

2

1 1

2
2

1 1

(1 ) (1 (1 2 ))

1 2 (1 (1 2 )) 1 2 (1 (1 2 ))

2
( )

1 2 (1 (1 2 ))

n n

n n n
n n

n n n n n n

n
n n

n n n

x u

a a L a L
x u

a a L a L a a L a L

a
x u

a a L a L

+ +

+ +

−

− + +
≤ − +

− − + + − − + +

− Φ −
− − + +

      (2.4)  

Since 12 2 0n n n n n n na k a L a L u uγ ++ + − →  as n→∞ , then there exists N  such that  

1 1

1 1
2 2 , . . .,1 1 2 2 ( ).

2 2
n n n n n n n n n n n n n na k a L a L u u n N i e a k a L a L u u n Nγ γ+ ++ + − ≤ ∀ > > − − − − ≥ >  

Thus, we have  

2

1 1

2

2 21 1

1 1

1 1

1

2

1

( 1)
2 2

1 2 2 1 2 2

2
( )

1 2 2

2

1 2 2

n n

n n n n n n n n n

n n n n n n

n n n n n n n n n n n n n n

n
n n

n n n n n n n

n n
n n

n n n n n n n

x u

k L L u u L u q L u u
x u a x u a

a k a L a L u u a k a L a L u u

a
x u

a k a L a L u u

a B
x u x

a k a L a L u u

α γ γ
γ γ

γ

γ

+ +

+ +

+ +

+ +
+

+

−

+ − + + − − + −
≤ − + − +

− − − − − − − −

− Φ −
− − − −

≤ − +
− − − −

2

1

1 1

1

2 2

1 1

2

1 2 2

2
( )

1 2 2

4 4 2 ( )

n n
n n

n n n n n n n

n
n n

n n n n n n n

n n n n n n n n n n n

a C
u

a k a L a L u u

a
x u

a k a L a L u u

x u a B x u a C a x u

γ

γ

+

+ +
+

+ +

− +
− − − −

− Φ −
− − − −

≤ − + − + − Φ −

(2.5) 

where 
2

1 1( 1) , .n n n n n n n n n n nB k L L u u C L u q L u uα γ γ+ += + − + + − = − + −  

Set 1 1

2

1 1

( )
inf .

1

n n

n N

n n

x u

x u
λ+ +

≥

+ +

Φ −
=

+ −
 Then 0.λ =  If it is not the case, assume that 0.λ >  Let 

{ }0 min 1,γ λ< < , then 1 1

2

1 1

( )
,

1

n n

n n

x u

x u
γ+ +

+ +

Φ −
≥

+ −
 i.e., 

2 2

1 1 1 1 1 1( ) .n n n n n nx u x u x uγ γ γ+ + + + + +Φ − ≥ + − ≥ −  

Thus 

2 2

1 1

2

1 4 4

1 2 1 2

2 4 4
(1 ) .

1 2 1 2

n n n n
n n n n

n n

n n n
n n n

n n

a B a C
x u x u

a a

B a C
a x u

a a

γ γ

γ
γ γ

+ +

+
− ≤ − +

+ +

−
= − − +

+ +

                          (2.6) 

By , 0n na B →  as n→∞ , we choose 1N N>  such that 
2 4

1 2

n

n

Bγ
γ

α γ
−

>
+

, for all 1n N> .   

It follows from (2.6) that  

2 2

1 1

4
(1 )

1 2

n n
n n n n n

n

a C
x u a x u

a
γ

γ+ +− ≤ − − +
+

， 
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for all 1n N> . By Lemma 1.6, then 1 1 0n nx u+ +− →  as n→∞ , which is a contradiction and so 

0λ = .  Consequently, there exists an infinite subsequence such that 1 1 0
j jn nx u+ +− →  as j→∞ . 

Next, we want to prove that 0
j jn m n mx u+ +− →  as j→∞  by induction. Let (0,1)ε∀ ∈ , choose 

jn N→  such that 1 1j jn nx u ε+ +− < , 1 2

( )

8(1 )jn
B

ε
ε+

Φ
<

+
, 1

( )

8jn
C

ε
+

Φ
< . First we want to prove 

2 2j jn nx u ε+ +− < . Suppose it is not this case. Then 2 2j jn nx u ε+ +− ≥ , this implies that 

2 2( ) ( )
j jn nx u ε+ +Φ − ≥ Φ .  

Using the formula (2.5),  we obtain the following estimates 

2

2 2

2 2

1 1 1 1 1 1

1 1 1 2 2

2 2

1

4

4 2 ( )

( )

j j

j j j j j j

j j j j j

j

n n

n n n n n n

n n n n n

n

x u

x u a B x u

a C a x u

aε ε ε

+ +

+ + + + + +

+ + + + +

+

−

≤ − + −

+ − Φ −

< − Φ ≤

                        (2.7) 

which is a contradiction. Hence 2 2j jn nx u ε+ +− < . Assume that it holds for m k= . Then by the 

argument above, we easily prove that it holds for 1m k= + . Hence, we obtain 0n nx u− →  as 

n→∞ . Owing to 0nu q− →  as n→∞ . From the inequality 0 n n n nx q x u x q≤ − ≤ − + − , we 

get 0nx q− → as n→∞ . This completes the proof.  
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Abstract: This paper assumed that the stock price jump process for a special kind of renewal jump 

process, that is incident time interval for independent and subordinate to Gamma distribution 

random variable sequence. We obtain the European bi-direction option pricing formulas on jump 

diffusion model under the stochastic interest rates by simply mathematical induce by means of 

martingale method. 

 

Introduction 

As we know, Black and Scholes in 1973 published famous papers entitled "The Pricing of 

Options and Corporate Liabilities", and then deduced the famous Black-Scholes option pricing 

formula [1]. In 1976, jump-diffusion model was introduced by Merton, and he derived jump 

diffusion model of option pricing formula [2]. Since then, more and more scholars began research 

in this topic [3-6]. This paper assumes the process is more general than Poisson jump process - a 

special kind of renewal jump process. And on the basis consider the random lending rate, which 

satisfies Ito stochastic differential equations. We know that in actual market transactions, risk-free 

interest rate adjustment will be impact on the stock market to a certain extent. Thus, we assume the 

random factors affecting interest rates and stock price are related. Moreover, by means of 

martingale method, we derived the model of bi-direction European option pricing formula. 

Definition 1. 0( )
i i

T
≥

i.i.d~ ( , )a λΓ ( 0, 0)a λ> > , let 
1

n

n i

i

Tτ
=

=∑  , then the counting process 

{ }sup : , 0t nN n t tτ= ≤ ≥ is a special kind of renewal process. 

Lemma 2. If 0( )
t t

N
≥

 is a special kind of renewal process as definition 1 says, then 
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Lemma 3. If 2~ ( , )X N µ σ ,we have 
{ }

2
2

2( ) ( )X

X a

a
E e I e

σ
µ µ σ

σ

+

≥

− + +
= Φ ，in which ( )Φ ⋅  is 

distribution function of standard normal distribution. 

Financial market model assumptions 

We consider now a two assets of the financial markets ( ( ), ( ))B t S t : One for continuous 

transaction risk assets (stock), the price process ( )S t  in σ - algebra flow 0t t
F

≥
（ ） in the probability 

space ( , , , )
t

F F PΩ  satisfies stochastic differential equations (SDE) as follows: 

0

( )
( ) ( ) ( ) ( )

( )
n t

n

dS t
t dt vd nP t t dW t UdN

S t
µ σ

∞

=

= − + +∑                            (4) 

Here ( )tµ  is yield rate of stocks. 

Let
( ) ( )

( )
( )

t r t
t

t

µ
γ

σ

−
= ,

*
2

0 0

1
exp ( ) ( ) ( )

2

T T

T

dP
F t dW t t dt

dP
γ γ

 
= − − 

 
∫ ∫ , then *P  is the equivalent 

martingale with P , we can know from Girsanov theorem 

1
0

( ) ( ) ( )
t

W t W t s dsγ= + ∫  is standard Brownian motion under *P -measure, then(4)is 

1

0

( )
( ) ( ) ( ) ( )

( )
n t

n

dS t
r t dt vd nP t t dW t UdN

S t
σ

∞

=

= − + +∑                            (5) 

The other is risk-free asset (bonds). Its price process satisfies to differential equation 

2

( , )
( ) ( , ) ( )

( , )

dB t T
r t dt t T dW t

B t T
δ= + ， ( , ) 1B T T =                             (6) 

Here, ( )r t  may be short-term random interest rate, ( )tσ  is volatility rate of stocks price without 

jump diffusion, ( , )t Tδ  is volatility rate of bonds, 1( )W t  and 2 ( )W t  are standard 

one-dimensional Brownian motions in the probability space ( , , , )
t

F F PΩ , and 1 2( ( ), ( ))W t W tρ ρ= , 

0 1ρ≤ ≤ . 
t

N  is renewal process as defined above; ( 1)U U > −  is random variable, that is the 

relative high jump in the stock price when renewal jump happened. Also, 

2 21
ln(1 )~ (ln(1 ) , )

2
U N v ω ω+ + − , in which, ( )v E U= . We assumed U ，

t
N ， ( )

i
W t ，( 1,2)i =  are 
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independent，
0

( )n

n

vd nP t
∞

=

∑  is the average increasing caused by renewal jump diffusion. 

Option pricing formula under jump diffusion and stochastic interest rates model 

Given stock price process{ }( ),0S t t T≤ ≤ , this means that at time t  the stock price is ( )S t . 

Suppose K  is agreed strike price, then at time t  bi-direction option payoff 

is ( ( )) ( ) ( ( ) ) ( ( ))f S T S T K S T K K S T
+ +

= − = − + − .  

Theorem 4. Suppose ( )S t , ( , )B t T  satisfy SDE（5）and (6) respectively，we can obtain the pricing 

of European bi-direction option at time 0 (0, (0))V S  for expiry date T  and strike price K :  
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d d t dt kθ ω= − +∫ , 

2 2 2( ) ( ) ( , ) 2 ( ) ( , )t t t T t t Tθ σ δ ρσ δ= + −                                   (7) 

Proof For the stock price process ( )S t  and the bond price process ( , )B t T  satisfy SDE(5)and (6) 

respectively, then let 

( )
( )

( , )

S t
Z t

B t T
= , 2( ) ( , ) ( ) ( , )t t T t t Tβ δ ρσ δ= −  

From Ito formula, we have 

1 2
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δ δ
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∫ ∫ , let 0
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According to Girsanov theorem we know *

2 2
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( ) ( ) ( , )
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W t W t s T dsδ= − ∫  is standard Brownian motion 

under Q -measure, then let 
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δ σ
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Here, *

1 1
0

( ) ( ) ( , )
t

W s W s s T dsρ δ= − ∫ . We can obtain that 
~

2 ( )W t  is standard Brownian motion 

under Q -measure, the simplification of SDE (8) is 

Shaobo Zhong, Yimin Cheng and Xilong Qu 725WWW.BEHSAZPOLRAZAN.COM



 

 

~

2

0

( )
( ) ( ) ( )

( )
t n

n

dZ t
t d W t UdN vd nP t

Z t
θ

∞

=
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We can obtain the solution of SDE (9) by means of Dolease-Dade index formula: 

~
2

2
0 0

0 0

1
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n i
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For no-arbitrage theory and martingale method in option pricing, we can know: 
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denoted 
~

2
0

0

( ) ( ) ln(1 )
k

T

i

i

X t d W t Uθ
=

= − + +∑∫ , under Q -measure，we have: 

2 2 2

0

1
~ (ln(1 ) , ( ) )

2

T
k

X N v k t dt kω θ ω+ − +∫  

Ⅰ

2

0
0

1
( ) ( )

2

0

(0) ( )

T

n

n

t dt v nP T

k

k

S P T e
θ

∞

=

∞ − −

=

∑∫
= ∑

2

0
0

1
ln ( ) ( )

(0) 2

[ ]
T

n

n

Q X

K
X t dt v nP T

Z

E e I
θ

∞

=

  
≥ + + 

  

⋅

∑∫
 

0

( )

1

0

(0)(1 ) ( ) ( )
n

n

v nP T
k

k

k

S v P T e d

∞

=

∞ −

=

∑
= + Φ∑                                   (13) 

Ⅱ

~
2

2
0 0

0 0

1
( ) ( ) ln(1 ) ln ( ) ( )

(0) 2

(0, ) [ ]
NTT T

i n

i n

Q

K
t dW t U t dt v nP T

Z

KB T E I
θ θ

∞

= =

  
− + + ≥ + + 
  

=

∑ ∑∫ ∫
 

2

0

(0, ) ( ) ( )k

k

KB T P T d
∞

=

= Φ∑                                            (14) 

(0, (0))C S 0

( )

1 2

0

( )[ (0)(1 ) ( ) (0, ) ( )]
n

n

v nP T t
k

k

k

P T S v e d KB T d

∞

=

∞ − −

=

∑
= + Φ − Φ∑          (15) 

Similarly, we deduce: 

(0, (0))P S 0
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v nP T t
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Combining the results in equation (11), (15), (16), the price of European bi-direction option is found 

to be the right of equation (7). 

Remark 5. This paper considers the incident time interval for independent and identical subordinate 

to Gamma distribution ( , )a λΓ  random variable sequence. When 1a = , (1, )λΓ  is an exponential 
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distribution, in which case the renewal jump diffusion model is the famous Poisson jump diffusion. 

Also, when ( )r t  and ( )tσ  are constant, we have ( , ) 0t Tδ ≡ . Moreover, we have ( )( , ) r T tB t T e− −
= . 
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Abstract. Non-performance loan ratio is one of the important assessment criteria of the security of 

credit assets. It is also an important financial indicator to evaluate the general strength of 

commercial banks. Using principal component analysis method and statistical software SPSS16.0 

and based on the non-performance loan ratio and relative data of some commercial banks in China 

in 2007, this paper provided a principal component analysis model for the non-performance loan 

ratio of China’s commercial banks. The factors that affect the non-performance loan ratio were 

refined in this paper. Finally, the characteristics of effect factors of each bank were analyzed and 

compared in detail. 

1. Introduction 

As China’s financial reform in full swing, the competition among commercial banks in China is 

becoming more and more intense. Non-performance loan (NPL) ratio, the proportion of NPLs 

accounting for the total loan, is an important financial assessment indicator of bank’s overall 

competitiveness|. The level of NPL ratio of financial institutions directly related to the size of risk 

of recovery of loan. In accordance with its risk-based loans is divided into normal, special mention, 

substandard, doubtful and loss five categories (i.e. five levels), of which the latter three collectively 

known as non-performing loans.  

The studies of ratio of NPLs is always the important task of financial world, In China, WANG Jihen 

and NIE Qingping analyzed the complex courses of the high ratio of NPLs in Chinese commercial 

banks [1,2]. YANG Pengpeng, YUAN Zhiping and NI Haijiang tested the four assumptions on the 

relation of NPL ratio and efficiency in commercial banks [3]. Xie Bing analyzed the 

macroeconomic factors of non-performing loan scale of commercial banks[4]. And at abroad, 

Tarron Khemraj and Sukrishnalall Pasha attempt to ascertain the determinants of non-performing 

loans in the Guyanese banking sector using a panel dataset and a fixed effect model similar to 

Jimenez and Saurian [5]. Guonan Ma and Ben S.C.Fung propose using asset management 

companies to resolve non-performing loans in China [6]. Anne Harrison analyzed how the 

non-performing loans affected FISIM [7]. Dan Rosen and David Saunders used analytical methods 

to hedge systematic credit risk with linear factor portfolios [8]. 

But, there is relative lack of the research about effect factors of NPL ratio at present. This paper 

aims to refine the factors affecting the ratio of NPLs of Chinese commercial banks, based on 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.728

WWW.BEHSAZPOLRAZAN.COM



statistical data and Principal component analysis method. Then a specific analysis and comparison 

on the effect factors of NPL's ratio are carry out for some banks. 

 

 2. Modeling 

We would establish the model about NPL ratio of Chinese commercial banks basing on the data of 

2007. the banks studied conclude Industrial and Commercial Bank of China, China Construction 

Bank, Bank of China, Shanghai Pudong Development Bank, HuaXia Bank, China Minsheng Bank , 

China Merchants Bank, Bank of Nanjing, Industrial Bank, Bank of Beijing, Bank of 

Communications, China CITIC Bank, Shenzhen Development Bank and Bank of Ningbo. 

2.1 Principal Component Analysis Model  

Principal Component Analysis rearranges the original interrelated variables into several extraneous 

aggregate variables, which reacts the most of information of the original variables. Its mathematical 

model is as follows: 

 

 

 

  

here 1 2, , , ( 1, , )i i pia a a i m=�� ��  are eigenvectors of covariance matrix∑ of original variables 

X1,X2,…,Xp. 1 2, , , pZX ZX ZX�� are the standardized values of original variables.  

2.2 Principal Component Analysis of Effect Factors of NPLs Ratio of Commercial Banks 

2.2.1 Variables Selecting  

We select 8 variables as follows: 

1X —Rate of capital sufficiency(%); 2X --Core capital adequacy ratio (%); 3X --NPL Provisioning 

Coverage Ratio (%),
4X --Normal amount, 5X --Concerned amount,    6X -- Secondary 

amount, 7X -- Suspicious amount, 8X --Loss amount. 

2.2.2 Data Standardizing  

Because of the differences of variables dimension, we must eliminate the affection of dimension 

before the calculation, so we standardize the original data using statistical software SPSS16.0. 

2.2.3 Relativity of Variables Judging  

According to the definition of principal component analysis, it is not necessary to do a principal 

component analysis if there is no relativity between variables. And if one of the variables is 

non-associative to others, it should be out of the principal component analysis. 

 

1 11 1 21 2 1

2 12 1 22 2 2

1 1 2 2

p p

p p
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F a ZX a ZX a ZX
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2.2.4 Determining the Number of Principal Component  

The number of extracted principal components is m means that there are m principal components 

whose characteristic values are greater than 1. In a way the characteristic value can be seen as the 

index reflecting the intensity of the principal components If it is less than 1, we can think that the 

principal component is inferior to its original variable.  

2.2.5 Identifying and Naming the Principal Components 

Run the program "Factor" in the statistical software SPSS16.0, take principal component analysis 

for the factors that affect non-performing loans ratio. 

The output is as follows. 

 

 

 

 

 

 

 

 

Table 1 Correlation Matrix 

 

 

 

 

 

 

 

 

 

 

Table 2 Total Variance Explained 

Table 2 shows that two principal components should be extracted from the variables. By calculating, 

we get the  coefficients of the linear  expression of  every principal component.  The 

coefficients of the variables of the first principal component are: -0.13,-0.12,-0.18, 0.44, 0.43, 0.43, 

0.44, 0.43. Those of the second principal component are: 0.65, 0.66, 0.30, 0.09, 0.13, 0.08, 0.11, 

and 0.10. 

The expression of the first principal component is  

1 1 2 3 4 5 6 7 80.13 0.12 0.18 0.44 0.43 0.43 0.44 0.43F ZX ZX ZX ZX ZX ZX ZX ZX= − − − + + + + + .              (1) 

The expression of the second principal component is 

2 1 2 3 4 5 6 7 80.65 0.66 0.30 0.09 0.13 0.08 0.11 0.10F ZX ZX ZX ZX ZX ZX ZX ZX= + + + + + + + .              (2) 

The positive coefficients are larger than the absolute value of the negative coefficients in the 

formula (1), so the first principal component mainly reflect the information of factors 4X , 5X , 

6X , 7X , 8X . And the positive coefficients are very close, meaning that these five factors have a 
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similar degree of affecting the non-performing loans ratio. We call F1 as the first principal 

component loans composition factor. Because only 1ZX and 2ZX have lager positive coefficients in 

the formula (2), so the second principal component mainly reflects the information of the factor 

1X and 2X . We call F2 as second principal component capital adequacy ratio factor.  

We get the principal component value of each bank by calculation with data. The results show that 

the first principal component value and the value of non-performing loan rate can not correspond 

fully. Therefore, the first principal component does not fully reflect the effect factors of 

non-performing loan ratio of the factors.  

Take the first principal component F1 as the lateral axis, and the second one F2 as vertical axis, we 

get a rectangular plane coordinate system. The principal component values of each bank are a pair 

of coordinates that is the point of the coordinate plane. The points of principal component values of 

14 banks are shown in Figure 1. It can be seen from Figure 1, the principal component values of 

Industrial and Commercial Bank, Construction Bank and Bank of China, the three principal 

component values of state-owned banks, are close. This is mainly because they have the same 

system. Bank of Communications and China Merchants Bank's principal component points are 

closer to the points of three state-owned banks, mainly due to their natures and scales are relatively 

close to those of three state-owned banks. The locations of Bank of Nanjing, Bank of Beijing and 

Bank of Ningbo are very close to each other, and the first principal component affects their 

non-performing loan ratio less than the second principal component. The first principal component 

have little effect on the non-performing loans ratio of China Minsheng Bank, Shanghai Pudong 

Development Bank, HuaXia Bank, Shenzhen Development Bank, and Industrial Bank, indicating 

these banks have good risk assessment systems. So the rate of non-performing loans of these banks 

are mainly affected by the second principal component. 

 

Figure1  Principal component coordinate chart of the banks in 2007 

3. Conclusion 

Based on the above analysis, we draw the following conclusions: 

(1) Using principal component analysis method and based on relative actual data, we refined two 

principal components of the effect factors of NPL ratio for China's commercial banks. The first 

principal component, the loans composition factor, which collected the information on the levels 

of loan amount, is the main component factor affecting the non-performing loan ratio. And the 

second principal component, as the capital adequacy ratio factor, contains the information on 
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capital adequacy ratios, which is a secondary component factor.  

(2) We introduce a principle component diagram in the analysis of the effect factors of the NPL 

ratio in China's commercial banks. With this diagram, we can classify the considered banks 

according to their principle component values. Furthermore, we provide a comparison and 

analysis for the differences between various classes of the banks and the causes of these 

differences. 

(3) The Results and conclusions obtained of this paper are consistent with the actual, so they are   

reasonable and effective. As a useful reference and reference, they can be used in banks and 

other financial institutions.  
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Abstract. Green, energy-saving, environmental protection and sustainable development have 

become the most popular buzzword and topic in science research. This paper presents the concept 

of generalized green computing and describes the limit and the range for it, including the research 

task and relationship. It analyzes and compares these researches on green computing. Problems of 

current topics are discussed, and finally future directions are proposed in this paper. 

1 Introduction 

By the end of 2009, the number of computer system all over the world (including desktop systems, 

portable computer systems, special embedded computer systems and server system, etc.) had been 

more than 310 million, and keeping rapid growth [1]. Take laptop for example, iSuppli (market 

research company) predicts that the sales of laptop are remaining optimistic in future years, and the 

sales to dealers of notebook in 2010 can reach 20.95 million with the growth by 22.5% compare 

with 2009. If the electric charge is $0.1 per KWH, the total cost of global computer users in the 

world could reach more than 800 million dollars last year. 

The paper will analyze the influence on environment and energy saving and emission reduction 

caused by computer systems. With the development and current situation of green computing, it 

will make sure its direction and analyze the component of generalized green computing, including 

the discussion and summarization of the latest, effective green computing technology and solutions. 

2. The background of green computing 

Green computing is rising in pursuit of the computer system performance under the premise of 

rapid development and improving the environment, continuing to improve the quality of life. The 

background can be traced back on March 23 1950 when the convention of the world meteorological 

organization formally went into effect. In 1987, the UN report "Our Common Future" put forward 

the basic concept of Sustainable development, which admitted by the immediate environmentalists, 

economists and social activists. 

In 1992, the U.S. Environmental Protection Agency launched Energy Star, a voluntary labeling 

program which is designed to promote and recognize energy-efficiency in monitors, climate control 

equipment, and other technologies [2]. The Energy Star is the milestone of when the computer 

system put into energy saving and emission reduction and it also formed the prototype of green 

computing for the future study [3]. 
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3. Major methods of Green Computing 

3.1 Physical Devices Improvement. Physical equipment is one of the most important composition 

factors in green calculation, which relates to energy conservation, emission reduction and 

performance. Fig. 1 shows the distribution of Desktop System. Central Processing Unit (CPU) is 

one of the most important hardware in the computer system. Many CPU firms take measures on 

several levels to power optimization such as layout, circuit, door, RTL, microstructure level, etc, 

and more and lower consumption products are introduced like Intel® Atom™ Processor N410 

Series (1.6 GHz). Such products not only reduces the dominant frequency and heat, but also adopts 

Hyper-Threading where a single physical core simulates two cores and let each logical core use 

threads for parallel computing. In such way, multithreading operating system and software can be 

better compatible, lessen the idle time and improve the CPU efficiency. The biggest characteristic is 

to use the integration technology, integrated graphics and store controller: Integrated Intel® 

multimedia accelerator 3150 in combination with integrated storage controller can enhance 

performance in the response of the system and the ability, further reducing the energy consumption 

card instead of graphics [4]. 
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Figure 1. The energy distribution of Desktop 

3.2 Data Center Improvement. Now the most pivotal problem of data center is the high 

consumption and high calorific value [5], as shown in Fig. 2. 

 

Figure 2. Rate of Server Management, Power and Cooling Cost Increase 
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According to a 2007 EPA report, U.S. data centers alone consumed 61 billion kWh in 2006- 

enough energy to power 5.8 million average households. Even under conservative estimates, IT 

energy consumption is projected to double by 2011. Reducing data center energy consumption is a 

pressing issue for the entire IT industry now and into the future. In this section, we argue that dense 

and real-time environmental monitoring systems are needed to improve the energy efficiency of IT 

facilities. Industry even emerges working at cooling in 1Watt and 2Watt. 

3.3 Portable Computing. The hand-held mobile devices have been more extensive applications in 

nowadays such as mobile phone and PDA. The handheld mobile computing has gradually become 

the mainstream calculation mode of today. Currently, the handheld mobile equipments have got the 

supports from Intel, Texas Instruments and QUALCOMM (R) etc. The dominant frequency can be 

over 600MHz while RAM can achieve 256M~512M. By extension, the storage space can achieve 

16Gb~32Gb or even more. Operating system and the corresponding software are more powerful 

enough to meet the daily requirement in simple offices, and the price also continues to reduce. 

Recently, according to the portable office and entertainment, each big mainstream companies have 

produced the corresponding tablet (such as iPad). Such products own the similar performance and 

function as ordinary laptops, but the energy and heat are well below the average laptops. 

3.4 Recycling of Electronic Waste. Used-equipment dumping is perhaps the most legislated and 

litigated green IT issue. Many countries now regulate electronic-waste disposal, including 

computers, printers, video gaming systems, monitors, and so on. Seventy percent of all pollutional 

waste is e-waste, which is bulky, complicated to recycle, and most of them contain unsafe levels of 

heavy metals and other dangerous chemicals. The current US congressional session is considering 

significant legislation aimed at a uniform approach that would unscramble the various e-waste 

regulations already implemented in nearly half the states. Mostly to developing nations with more 

relaxed environmental regulations, and then have man-dated e-waste recycling, and all but 

California require manufacturers to pay for it. Electronic equipment manufacturers and distributors 

are concerned that the states’ differing regulations could bring uncertainty into their business plans. 

3.5 Software Power Savings Modes. With software functions increasing raiply, how to reduce the 

complexity of the algorithm and its system has become a key issue in many systems design, mainly 

including reducing the functional complexity of the interface between human and machine, running 

time and the hardware stress in order to energy conservation and emission reduction. At present, 

many software design functions are too complex in computer system. Meanwhile, upgrading 

frequently in many companies recently has become the new reason of positive leather disadvantages 

to launch. Besides, many software products, such as Windows Vista OS released by Microsoft 

Corporation in 2006, it is difficult to replace Windows XP OS due to the complex function, 

hardware, less friendly interface, high requirement and high energy resources share. Other software, 

such as Offices, have many functions that ordinary users rarely use, even never use them, so all of 

these increase the purchase cost, learning cost, and Microsoft's design and development costs, 

which leads to the social resources waste. Because the software is a special kind of product with 

bodiless, this wastes do not arouse people's attention. Therefore, some enterprises take the 

customization design through SAAS and PAA in order to save costs and reduce complexity of 

software development. At the same time, by virtualization, it can increase the use of hardware and 

balance resources between servers, aiming to achieve better shared load balance. 

3.6 New Energy Sources Consumption. American ABI Research carried out a survey to the 

prospect of fuel cell using small-sized in the computer industry, and the result showed that there 

will be 13.5% of laptop power using small-sized fuel cell in 2012. Mini fuel cell generates 
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electricity by fuel. The lithium ion batteries were used early in early automobile industry as low 

emission energy, but it is being concerned by computer industry in notebook computers and mobile 

phones as instead of old powers. In recent years, lithium ion batteries become a new option of 

computer industry. Such products can prolong battery life as 2-3 times than ever before, or even 

extend to 10 times in the future. 

 

 

Figure 3. LG’s ecological laptop 

In 2005, parts of laptops and PDAs have begun to use super-mini fuel cell, for example: LG 

introduced a notebook with ecological concept design called as e-Book in 2006, which use fuel cell 

and OLED display technology, winning "best design concept" award in 2006 as shown in Fig. 3. 

The battery of e-Book takes the natural gas as methanol fuel, which are stored environmental 

blue notebook shaft in the transparent. It can save space and make notebook more beautiful. The 

future notebook of LG's will adopt OLED instead of LCD panel in order to lower power 

consumption. 

ABI Research forecasts that 2,000 super-mini fuel cell will be produced by trial in North 

America and Japan next year. After establishing the necessary code and standard, the number of 

global super-mini fuel cell will reach 1.2 billion. ABI Research said that it is expensive to add fuel 

system or replace fuel box, so it may hinder the small-sized popularization. The organization of 

Intel notebook computer batteries ascension released "Laptops fuel cell technology standard", 

which gave the specification for current, the manufacture, the fuel control, heat, and other 

conditions. 

4 CONCLUSIONS & FUTURE WORK 

Green computing was presented in the construction of low-carbon economy and economical society 

advocating. It can create social value in today's society, and it has become a consensus in 

energy-saving, environmental protection and saving. Green computing has become an important 

trend for the computer industry, and the concept of the consumer health and energy requirements 

have become the new computer product update standard. 

In this paper, based on the comparative study of green computing technology, we adopted a 

more uniform and abstract manner to put forward the concept of generalized green computing, and 

discuss the main research contents. This paper gave the clear boundaries and scope of the green 

computing, and straightened out the relevant research task and relationship. We presented some 

basic ideas and methods of green computing for the next research under different conditions. Such 
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all methods are the specific model of green computing and they laid a solid foundation as a tool. 
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Abstract: Industrial clusters have emerged in many parts of China. But with the development of the 

cluster, some industrial cluster shows its unique cluster effect and lead to the development of local 

economy, while others die out. Based on the above, this article studies on the conditions of industrial 

cluster effect. 

1 Introduction 

Industrial cluster is a typical phenomenon in the process of world economic development, such as 

American silicon valley, India's software, the Italian ceramic tile industry etc. In China, many 

provinces and cities also appeared a certain scale of prototype industrial clusters or industrial cluster. 

Industrial cluster gradually become the focus of research and academic issues. However, the 

collective effect of industrial clusters on promoting industrial cluster development rarely is studied 

by expert systems. But this is a problem that is not allow to ignore. This article discusses the police to 

different types of industrial cluster by the conditions of t the collective effect of industrial clusters. 

2 Industrial clusters effect 

Industry cluster is a special economic form in which enterprises with close relation and relevant 

support agencies are gathered
[1]
. With the share of basic facilities, market & technical information 

among those enterprises, good industrial soft-environment and complete innovation system could be 

formed. Following that, the industrial development could be promoted and the optimization of 

regional industrial structure can be brought. So, industrial cluster is an important source of regional 

competitiveness. Industrial cluster are able to promote economic development, the key is its own 

peculiar cluster effect: 

2.1External scale economy 

One of the important characteristics of industrial clusters is the geographic concentration. It shows 

that enterprises with close relation and relevant support agencies gather in certain place. Those 

enterprises could share basic facilities, technical information &market internet by geographic 

concentration. They could also make use of some assistant enterprises which provide parts, 

intermediate product, processing scraps and producing service together to lower producing and 

transport cost. They can make face to face conversation and communicate information to lower 

information searching and traffic cost. And technical innovation can be promoted while knowledge 

diffusion quickened. Then, external economy of scale appears.  

2.2Specialized Division  

In industrial clusters, many enterprises gather together with close and flexible relations of specialized 

division and cooperation. AThey have clear division iAAAccordance with the upstream and 
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downstream of the industry chain, there are clear division between enterprises. With the industrial 

development, it further promote the productive specialization. Producing service in the core 

enterprise of the industrial cluster will be separated gradually. Instead, new producing service from 

new enterprises gathering around the core enterprise comes. Then, the internet of production, sale, 

service and information with complete framework and function will be formed for the gathering of 

enterprises, servicing institution and government. Furthermore, specialized production and service 

will be provided. 

2.3Collective effect 

In industrial cluster, fierce market competition and kinds of cooperation take place among 

enterprises. As this interactive correlation, high effective internet interaction and cooperation in 

training, finance, technology development, production design, marketing, export and assigning can 

realize among them so that disadvantages of those enterprises could be overcome. The economic 

benefit conflict and business obstacle of can be reduced. And the collective effect can be obtained and 

win-win can be achieved. In addition, coexisting of cooperation and competition is helpful for 

enterprises to build strategic alliance and partnership and make flexible specialized production. 

2.4Overflow effect 

In industrial cluster, formal and informal communion is very close among enterprises for the 

geographic concentration. It is helpful for the spreading of new idea, opinion, technology and 

knowledge. Follow that, knowledge overflow effect forms. And the research and innovation 

mechanism can be enhanced. With the gradual innovation of enterprises, the technology progress will 

come and the industrial upgrading and optimization will be achieved. 

3 Producing conditions of industrial clusters’ collective effect 

When the out-of-order competition of shoes industry in China’s Jinjiang, once thriving lamps and 

lanterns industry in China’s Wenzhou almost die and the downturn of industrial clusters in yangtze 

delta area occurred, People found the competitive advantage of industrial cluster is not occur in all of 

the cluster, people begin to think  what are the producing conditions of industrial clusters’ collective 

effect? 

Actually it was referred by Michael Porter in his “diamond system theory” that relevant and 

supporting industries are very important for industrial clusters. If no matching relevant and 

supporting industries, industrial clusters will stop developing for the lack of specialized senior 

producing elements [2]. The importance of relevant and supporting industries can be seen obviously. 

3.1Correlation of industry clusters 

The correlation of industry clusters is that enterprises in industrial clusters are in the same or similar 

industrial chains and have forward, backward and transverse relations. For the correlations in 

industrial chains, it’s possible that enterprises in industrial clusters can use the same raw materials 

and sale way of productions, have potential scale and standard demands, lower the costs of producing, 

storing & transporting through combing producing, sale & purchasing, use same or similar 

management way and marketing plan as well as develop same or correlative production technology, 

function & manufacturing process to make the external scale economy. The gathering of 

manufacturers and suppliers or enterprises in industries with close relations will strengthen the 

communications of knowledge, technology, information and experiences. In addition, fierce 
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competition can make enterprises in industrial clusters bear great pressure. And this pressure can be 

transferred to great innovative motivation. So enterprises will develop new products and process so 

that the products quality and industrial level will be enhanced. At the same time, when innovation or 

upgrading of products’ technology, process and function take place in the certain industry especially 

the core correlative industry, corresponding innovation or upgrading of products’ technology, process 

and function will occur in industries of upstream and downstream industrial chains. And then, 

corresponding innovation or adjustment will also happen in the other correlative industries. This is 

so-called “chain innovation” [3]. 

3.2Support of industrial clusters 

Support of industrial clusters is that enterprises in industrial clusters cooperate with high consistence 

in producing, marketing, purchasing, management and technology. For industrial clusters, 

cooperative gathering corresponding supporting industries should take place with the geographic 

gathering of enterprises. Only interactive support among enterprises occur, it happen cooperative 

effect of 1+1>2 which is shown as specialized division and cooperation of production. With the need 

of scale economy, enterprises’ departments for producing service will be separated and gather around 

them to provide specialized matching producing service. In addition, many new local enterprises will 

grow up for the complete industry system of industrial clusters. On the one hand, deepening of 

specialized division will weaken the industrial isomorphism and excessive competition for gathering. 

On the other hand, specialized service will be brought with specialized production. Advanced 

producing service can lower the cost of regional transaction and meet the demand of enterprises’ 

matching production. And the enterprises’ producing and managing efficiency will be enhanced and 

the additional value of output be added. The enterprises’ competition will be enhanced. Moreover, it’s 

much easier that the industrial competitive advantages being nurturing. Support of industrial clusters 

is helpful for the communion and providing of knowledge among support industries. It make different 

industries in industrial cluster to be the source of knowledge or may be the receiver of knowledge and 

technology diffusion overflow. So bidirectional flow of knowledge and technology take place among 

supporting industries.  

At present, industrial clusters occurred in many areas in China. But collective effect does not happen 

in many of them which just have get graphic concentration. So industrial clusters not only need the 

geographic concentration, but also need the cooperative gathering corresponding supporting 

industries. Therefore, the key factor of industrial clusters’ collective effect is the correlation and 

support. 

4 Policies 

From the above conclusions ,we know that collective effect of industrial clusters need good industrial 

correlation and support and their better interaction. Therefore, for formed industrial clusters which 

don’t have good industrial correlation and support simultaneity, the concept of clusters’ correlation 

and support should be kept to promote the better development of industrial clusters 

4.1Industrial clusters with good correlation and poor support 

Generally, these industrial clusters are shown as combing of several large core enterprises and small 

ones which have forward or backward industrial correlations. For these industrial clusters, large core 

enterprises are in leading position. With market changes, large enterprises may develop in an 

omni-directional and monopolistic way to merger other small enterprises. In contrary, large 

enterprises don’t have advantages of small ones easy to change. It’s easy for large enterprises to quit 

the market or be in weak position for the market turbulence. Thus, excessive competition can take 
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place as all enterprises are in similar positions[4]. For avoid those phenomena, non-core and 

uneconomical business of large enterprises should be separated to form assistant producing 

enterprises to provide specialized matching services or large enterprises can be made through 

entering of external large enterprises or combing of enterprises. 

4.2Industrial clusters with poor correlation and good support   

These industrial clusters are generally composed of enterprises with close relations of enterprises 

such as classmates, home fellows, relatives etc. Special relations can make close relations among 

enterprises and make them form strong economic and benefit group for preferential policies or 

government support. But for these clusters don’t have industrial systems with specialized division 

and cooperation, they don’t have much higher cooperation and benefit goals and can’t have 

sustainable development motivation. The kind of cluster enterprise cluster need to establish business 

association and industrial association, carry on the industrial division, form supporting industry[5]. 

4.3Industrial clusters with poor correlation and support 

These industrial clusters are formed by uncorrelated gathering enterprises. The gathering enterprises 

are possibly due to preferential policies, cheap rents and so on. Actually, it can’t be called industrial 

clusters. Collective effect can’t work and maybe work in converse way. These clusters must be 

avoided in the early building time. Industrial clusters’ planning should be adjust to local situation and 

combine with the local industry development, then form characteristics of industrial cluster. 

5 Summary 

The collective effect of industrial clusters depends on relevant and supporting industries’ coordinated 

cluster. So according to industry chain, industrial cluster which is forming or has formed choose 

enterprise again through the limited enterprise conditions (such as business enterprise qualification 

and industry orientation, etc.).It is to make sure that enterprise have strong industrial relevance and 

good industrial supporting, so there form the continuous development of industry cluster of dynamic 

mechanism.  
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Abstract: Local Universities are an important part of higher education in China. The discipline as the 

core element of higher education is the basic strategy unit which supports teaching, research and 

social services. The development level of the discipline represents higher education development. 

From the perspective of technological innovation in the development of disciplines, this paper studies 

the discipline evolution, which based on ant colony optimization theory. We constructed a 

mathematical model applied to the discipline evolution. 

1 Introduction 

With the popularization of higher education, the number of Local universities is increasing step by 

step. Local universities have become an important force in national higher education system, and they 

undertake training high quality personnel, high-level scientific research and production services for 

the local economy as the key universities. Overall, the local university discipline is composed of a 

number of research fields, and a research field is formed by one or some innovation elements of 

science and technology. The innovation elements of science and technology of local universities 

doesn’t exist inherently, and its formation has to go through identification, planning, training, and 

maintaining, which is a complex process. The growth of disciplines is a constantly selection, 

communication and evolutionary process. 

2 Disciplines and Innovation Element of Science and Technology 

From the view of evolutionary, this paper presents the concept of innovation elements of science 

and technology, which is considered as the basic science and technology innovation activities of 

academic units. The innovation elements of science and technology of local universities is linked by 

vertical or horizontal issues. It is an Academic community which is formed by Interrelated and 

Coordinate Individuals that aim to complete the issues. 

The innovation element of science and technology is the most basic cellular that is needed by 

Scientific Activities of local universities. Although it is subject to the issue organization as a link, 

which has a one-time feature, its core members do not dissolve with the completion of the issue. 

With the characteristics of the path dependence, the core members will continue to follow the 

direction of the issue in order to form Stable academic community. They will continue to engage in 

the research field relevant to the research. And in long-term cooperation, assistance and support to 
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gradually, they form a more stable basis of the research direction. Some stable disciplines direction 

evolved from the innovation element of science and technology will go through the continued 

integration, and finally form in the usual sense discipline which has stable organizational structure 

and forms. Some associated, similar or complementary disciplines through cross-disciplinary 

integration, which coexist in colleges, schools, or other major habitats, produce the usual sense of 

the discipline group. 

Therefore, the innovation element of science and technology has the characteristics of step-by-step 

development. In the development process it will continue to release outside information element 

which is similar to the ants wandering pheromone. Across the frozen process of pheromone the 

innovation element of science and technology demonstrates its research results and research track. 

3 The Ant Colony theory 

3.1 The principle mechanism of ant colony algorithm.  

The ant colony algorithm which simulates ant foraging behaviors was introduced as a new 

computational intelligence model. The algorithm is based on the following basic assumptions: 

A．Ants communicate with each other through pheromones and environment. Each ant is only based 

on its local environment surrounding, and responds only to its impact on the surrounding local 

environment. 

B．Ants response to the environment decided by internal models. Because ants are genetically 

modified organisms, the behavior of ants actually is adaptability of its genes, which represent that 

ants are the main reactive adaptation. 

C．From the view of individual, each ant makes independent choice based solely on the 

environment. At the population level the behaviors of a single ant are random, but the process of 

colony formation is highly ordered by self-organizing group behavior. 

From the above assumptions, we think that the ant colony algorithm is a stochastic search algorithm 

similar to other evolutionary algorithm models. 

Ant colony algorithm seeks the optimal solution by the evolution of group which is composed of 

the candidate solutions. The process consists of two stages: adaptation and collaboration. In the 

adaptation stage, the candidate solution continuously adjusts its structure according to the 

accumulated information. The path is very likely to be chosen, which is passed by more ants and 

produced more information. In the collaboration phase, candidate solutions exchange information 

between each other in order to generate a better solution. The ant colony algorithm is initially 

random to select search path. With understanding of the solution space, the search has become a 

regular, and gradually approaches and eventually reaches the global optimal solution. 

3.2 The description of ant colony behaviors 

The ant colony algorithm achieves the purpose of solving combinatorial optimization problems by 

simulating the process of searching for food. The method is inspired by the research on the real 

Behaviors of ant colony [1]. After extensive research by bionics home, it is found that individual 

ants transfer information through a substance called pheromone [2]. In the moving process, the ants 

left the substance in the path, and they can sense the existence and strength of the pheromone. The 

ants is guided the direction of their movement by the pheromone, and they tend to move the 

direction of movement of material strength [3]. Therefore, collective actions of the ant colony 

composed of a large number of ants show a positive feedback of information: The path which is 
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passed by more ants is very likely to be selected by later ants [4]. 

4 The application of Ant colony algorithm in the discipline development 

By constructing the mapping relationship of the innovation element of science and technology and 

discipline, we unify to consider the development of the innovation element of science and 

technology and the process of finding the optimal. This article thinks that the development of 

discipline is a chaotic search process. The process of establishing the optimal development direction 

is the gradual transition from the chaotic search to a transient chaos and until the process of 

convergence to the optimal path. In other words, the subject of the development process is a 

self-organization process which is based on the interaction of pheromone and chaotic.  

We establish that there are n  innovation elements of science and technology in discipline, and 

these elements are in the search space S , and they want to minimize a function :f S R→ .Every 

point s in the space S  is a given feasible solution of the problem. This paper only considers the 

space being searched is continuous (That is
lS R= ).The position of No. i Element expressed by an 

algebraic variable symbols 1 2( , ,..., )i i i ils z z z= , 1, 2,...,i n= .Naturally, each variable can be any 

finite-dimensional. In the moving process of innovation elements of science and technology, each 

element is subject to the discipline's impact. In the mathematical expression, the campaign strategy 

of a single element is a function related to their present position, the best location that it’s own or is 

found by partner and organizational variables. That is: 

( ) ( ( 1), ( 1), ( ))id id id iz t g z t p t y t= − −
            （1） 

(1) t  means the current time step, and 1t − means the previous step. 

(2) ( )idz t  represents the current state of d-dimensional variable of No.i Element, 1,2,...,d l= . l  is 

the dimension of search space, and ( )iy t  is the present state of the organization variable 

(3) ( 1)idp t −  stands for the best location which is found by No. i Element or its Neighbors in 

step 1t − . 

(4) g  is a nonlinear function. 

The chaotic behaviors of single element adjust and let themselves be able to eventually move to the 

position of the best fitness value, which is achieved through the introduction of a continuous change 

of variable ( )iy t .In order to achieve the exchange of information between elements and let them be 

able to eventually move to the best position, we introduce ( ( 1) ( 1))id idp t z t− − − .We choose idp  

according to the widely used optimization theory. Thus, by the following model: 

1
( ) ( 1)

( ) ( 1)exp((1 exp( ( )))(3 ( 1))) exp( 2 ( ) )( ( 1) ( 1))

ir

i i

id id i d id i id id

y t y t

z t z t ay t z t ay t b p t z tψ

+ = −


= − − − − − + − + − − −    (2) 

a  is a sufficiently large normal number, and its value can be chosen as 200. b  is a constant and 

0 2 / 3b≤ ≤ . d
ψ  determines the search scope of the No. d  element in the search space. i

r  is a 

normal number of less than 1,which named as organization factor of No. i Element. (0) 0.9999
i
y = . 

As previously mentioned，innovation elements of science and technology exchange information by 

a direct or indirect means of communication. Along with the time evolution, the effective 

744 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



communication causes organization's function between each other becomes stronger and stronger. 

Finally, all innovation elements of science and technology are able to walk toward optimal path of 

the research direction. Eq. 2 expressed chaos search process. ( )iy t  is used to control the chaos 

process. At first, the impact of  ( )iy t  is slow. Over time, the organizational variables ( )iy t  

impact strongly on the behavior of innovation elements of science and technology with the 

organizational factor 
ir . In the end, the state of chaotic systems state in the optimal state or 

sub-optimal state. 

In order to make each innovation element of science and technology have different organizational 

factor, we limit 
0.1 0.2ir rand= +

and rand  is a random number between 0 and 1. 
dψ
 affects the 

search scope of  the ant colony algorithm. If the parameter 
dψ
is small, the search scope can be 

very big, vice versa. Its value needs to act according to the concrete optimized question to carry on 

the suitable choice. 

Discovered after the massive value simulation, if 0dψ >  ，Eq. 2 may realize the search process in 

the positive number sector (in this sector 0idz ≥  ). If 0dψ < , Eq. 2 may realize the search process 

in the negative number sector (in this sector 0idz ≤ ). When optimal solution is located at positive 

number sector or negative number sector interior time, Eq. 2 may solve the value optimization 

question effectively. However, all elements of optimal solution are impossible simultaneously to be 

located at the positive number or in the negative number sector scope. They possibly are located in 

all real number sector scope. In order to solve the optimized algorithm’s search scope, this article 

has given the following more general mathematical model: 

(1 )
( ) ( 1) ir

i iy t y t
+= −

               

7.5 7.5 7.5
( ) ( ( 1) * )exp((1 exp( ( )))(3 ( ( 1) * ))) *id id i i id id i i

id id id

z t z t V ay t z t V Vψ
ψ ψ ψ

= − + − − − − + −
 

exp( 2 ( ) )( ( 1) ( 1))i id ida t b p t tµ θ+ − + − − −
                          (3) 

iV  had decided the search region of innovation element i, and each element can be possible to 

search the different in the question space. If we had known the fixed search scope, this article may 

establish 
iV  an appropriate positive value. This article calls Eq. 3 generalized model of the ant 

colony algorithm. In this model, the initial point of single innovation element of science and 

technology is: 7.5(0) * *id i
d

z V randψ= − , and 0dψ >  has decided system's search scope. If 
dψ  

is very big ,algorithm search scope will be very small, vice versa. We suppose the search zone are 

[ 2, 2]d dω ω− , then there is an approximate relations 
dψ between 

dω  and 7.5d dω ψ= . 

In the above generalized model，we used two random numbers. The first random number was used 

in the initial point of innovation elements in the choice process, namely 7.5(0) * *id i
d

z V randψ= − . 

Shaobo Zhong, Yimin Cheng and Xilong Qu 745WWW.BEHSAZPOLRAZAN.COM



The chaos system is sensitive to initial condition. We establish the different value of the initial point 

in order that innovation elements of science and technology can search the different position of 

phase space with the time evolution. The second random number was used in the expression of 

organization factor 
ir . At the first, innovation elements carry on the chaos search. Through some 

kinds of direct or indirect communication ways, they exchange information with the neighbor, 

which are about the best position. Along with the time, organization's function is getting stronger 

and stronger.  

5 Conclusion 

The ant colony Algorithm is a good method for seeking the optimal solution. The discipline is very 

important object of study in higher education domain. This article profits from the ant colony 

principle, and conducts the research of the discipline development evolution. We proposed concept 

of the innovation element of science and technology.  

Standing the point of discipline scientific innovation, this article introduces the optimization of ant 

colony algorithm, and regards the discipline developing process as an unceasing optimization 

process. The early behavior of the innovation element of science and technology are chaotic, and 

there is no regular pattern at all. With the continuous development of their own and the strong 

exchange of information, the innovation element of science and technology may be more intensive 

research direction, and they ultimately form the research or discipline. 
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Abstract: current research on earthquake damage assessment summarizes In this paper， the 

composition of the input-output tables and internal relations were introduced, given the earthquake 

loss assessment methods which base on industry association. 

1 Introduction 

Earthquake would cause serious casualties and major economic losses, particularly the devastating 

earthquake. These two Indexs has become the Main index to determine the degree of earthquake, the 

earthquake occurred in recent years show that, with the social and economic development, building 

code revision and improvement of infrastructure construction and other seismic performance of a 

number of continuously improve the earthquake casualties declining, but the absolute value of 

economic losses increasing, this situation especially in economically developed countries. China is 

one of earthquake-prone countries, the economic losses caused by the earthquake was paid of more 

and more attention. Earthquake not only cause direct economic losses of buildings, lifeline facilities, 

indoor destruction etc.,but aslo cause temporarily stop or reduce production, the original balance and 

the economic system in the disturbances and reduction of external investment in indirect economic 

losses resulting. With strengthened of the growing economic links between regions, it has been 

widely recognized that earthquake caused by the indirect economic losses will also increase the 

importance of seismic indirect economic loss, earthquake quantification of indirect economic losses 

have become eager to know the people issue, the reduction of earthquake hazards is also one 

important scientific question. But accurately estimate the indirect losses of  earthquake has been a 

problem which placed in front of the correct journalists.Because of the earthquake damage is 

involved in earthquake engineering,structural engineering, socio-economics and other areas of an 

interdisciplinary, to solve this problem requires the joint efforts of various parties. Indirect economic 

losses in the earthquake related loss is the result of coordination between the various industrial sectors 

relations from being undermined, the formation of local productive resources (including productivity 

resources) caused by the accumulation of stagnant and, in the economic system to describe this 

interaction affect inter-relationship between the input-output tables, this earthquake related loss in the 

current research on the basis of the summary, given the input-output table based on earthquake related 

loss assessment methods. 

2 Research 

The late eighties of last century, Kozuhiko, Kawashima and other indirect economic losses of 

earthquakes are discussed in detail, mainly by the indirect effects of the earthquake. Facilities, 

transport facilities ,the destruction of raw materials and commodities decision are taken into account. 
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The impact of re-investment direct loss, based on the relationship between application of the 

industrial sector (input-output analysis) of the 1983 earthquake .This is made by Nihonkai-chubu 

indirect damage assessments[1]. Gordon, MoorShinozuka and other scholars are take into account by 

the indirect economic loss of the earthquake. The city is mainly due to traffic and the impact caused 

by industrial production capacity, and developed a seismic evaluation of the overall model of indirect 

economic losses [2]. Taking into account the decline in industrial capacity caused by the earthquake, 

the supply and demand relationship between the various departments have changed  intersectoral 

input-output calculation of indirect losses. Huang Yu-Xiang and other disasters said taking into 

account the economic losses, the related loss as a direct stop production cuts by the loss and the 

national economy caused by an indirect chain cut stop loss and the use of input-output tables of 

quantitative calculation of the loss. Wang Hai zi said  from an economic point of view, the 

earthquake is discussed in detail the calculation of indirect economic loss model, focusing on each 

side from the input-output related loss assessment to establish the theoretical model. Hu Yu Yin, 

Yang got a large system of earthquake damage prediction theory. The theory said that the social 

system is a very complex large system, which is composed of many subsystems (such as command, 

energy, transportation, electricity, communications etc.). Forecast for economic losses taking into 

account the social system itself, the earthquake caused direct economic losses and the various 

subsystems of the indirect economic losses. Suppose the social system is composed of several 

subsystems, the model considered: the social system by the sub-total economic loss of the direct 

economic loss; each subsystem's own indirect economic loss; bring the subsystem to other 

subsystems external indirect economic economic losses such as loss of component parts. The third 

part of the method in calculating the economic loss to the basis of input and output method, 

application of modern economic theory, such as sectoral production functions or research methods. 

Zhong Jiang rong said other cause direct damage from the construction start stop cutting losses, the 

use of industrial sector analysis of the relationship between the input and output, thus the calculated 

interaction between the industrial sectors generate the second indirect economic losses. 

3 Based on industry related earthquake loss estimation methods 

From the impact of earthquakes on the economic system arising from related loss, you can input and 

output systems of the exogenous variables, such as the final output Y or N and change the initial 

investment in the impact to simulation. Suppose industries in the quake cut the damage caused by the 

stop loss TILi, the final product of the industrial sector, Yii under the direct losses in the kinds of 

value: Yii=βi* TILi 

Where: βi for the coefficients, βi = Yi0/Xi0 for the first i-sectors are not affected by the earthquake, 

the total product; Yi0 for the first i-sectors are not affected by the earthquake when the final product; 

Yii sectors for the first i- affected by the earthquake when the final product; TILi for the first stop 

i-cut loss of industry sectors. Other industries affected by the loss of i-sectors of value: 

Yij=(Yi0/Yj0)* Yjj 

Where: Yij for the i-j-industries sectors affected by the loss of value; Yi0 for the first i-sectors are not 

affected by the earthquake when the final product; Yj0 one industry sector for the first j affected by 

the earthquake is not the final product when ; Yij for the first j-j-industries sectors are the first 

earthquake when the final product. Practice, the earthquake would have more direct economic losses 

caused by industrial sectors, which led to the stopping number of industries cut losses, and all 

associated industries will be affected departments. This earthquake i-sectors of the impact of the final 

product is : 
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 iY =max(Yi1,Yi2,…,Yij,…,Yin) 

Industrial sector i total indirect economic loss: ILi=

j

n

j

ij Ya *
1

∑
=  

Industry sectors associated with indirect economic loss: GILi = ILi-TILi 

The total economic loss associated with the various departments for industry, only indirect economic 

losses associated with the sum to which all industry sectors associated with the total loss 

:GIL=
∑
=

n

i

iGIL
1  

4 Conclusions 

Earthquake related loss in indirect economic losses in the earthquake can not be neglected as a part of 

the paper losses associated with the seismic industry and summarizes current research on the 

composition of the standard input-output tables and internal relations are introduced. Given the 

input-output table based on earthquake related loss assessment methods. In this paper,  about the 

assessment of earthquake related loss, there are two assumptions: First, assume that after the 

earthquake or before the earthquake ,the input-output coefficient table is unchanged. Before or after 

the earthquake level of production technology is constant or does not change ; Second ,assume that 

the production department of any inputs consumed in number and level of the sector's total output 

proportional relationship. In addition, the related loss assessment given by the papers is based on the 

input-output tables of the line. In fact, it can also be the direction of input-output tables to create 

columns. By defining the coefficient of direct supply to "total initial investment , intermediate inputs 

into the" basis of this relationship to build models and related loss assessment. 
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Abstract. The chemical component, mineral composition and dissemination characteristics of 

Xuanhua iron ore are researched systematically. The result shows that: the iron ore mainly is oolitic 

structure and colloform, xenomorphic granular texture, the mineral composition is complex, the 

primary metallic minerals is hematite, and the rocky minerals mainly is quartz, followed by carbonate, 

epidote, chlorite, and amphibole. The diffraction size of hematite and rocky minerals is fine. It is 

difficult to liberate between hematite and rocky minerals and easy to be mud. The iron ore is very hard 

to separate, and it can be used in the process of stage grinding and concentration. 

Introduction  

With the rapid development of steel industry and mineral resources decreasing in recent years, the 

disparity between supply and demand of iron ore intensive, so more and more attention have been 

paid to explorate and utilize the low grade and intractable iron[1-5]. Hebei Iron and Stell Group have 

abundant of hematite ore, about 1.5 hundred million ton, the grade of mining ore is about 40%, 

because the iron ore mainly is oolitic structure, the component of the mineral is complex, and the 

dissemination grain size is fine, so the ore belong to one of the beneficiation of unwieldy iron ore in 

China. For take full advantage of the iron ore, the processing mineralogy of the iron ore was analyzed 

systemicly, the analyzation is aimed at providing basic data and theoretical basis for mineral 

processing. 

Chemical analysis of iron ore  

The chemical element and iron phase of the representative samples of iron ore crashed, grinded 
and screened are analyzed. The result is shown in the table below. 

Table1. Chemical composition of iron ore   % 

element TFe FeO SiO2 MgO Al2O3 CaO S P burning loss 

content 47.66 9.81 15.08 3.12 4.85 2.78 0.22 0.24 4.5 

 
From the table 1: The grade of iron is 47.66%, the content of FeO only is 9.81%. The impurity of 

iron ore mainly is SiO2, followed by Al2O3, MgO and CaO, the content of S and P is 0.22%, 0.24%, 
CaO and MgO by SiO2 and Al2O3 equal 0.296. So the iron ore mainly is acidic hematite ore. 

From the table 2: The main mineral of the iron ore is orehematite-limonite, which the distributive 
law is 91.17%, and than carbonated iron. the distributive law of magnetite, iron sulfide and iron 
silicate of the iron ore is low, which are 1.22%, 1.03% and 0.35%. Seen from iron occurrence mode, 
the iron ore is mainly orehematite-limonite ore. 

Table2.  Iron phase analysis of iron ore    % 

iron phase magnetite hematite-limonite carbonated iron iron sulfide iron silicate total iron 

content 0.58 43.45 2.97 0.49 0.17 47.66 

distributive law 1.22 91.17 6.23 1.03 0.35 100 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.751

WWW.BEHSAZPOLRAZAN.COM



 

Structure and texture of iron ore 

The representative iron ore are made of light sheets, and then tested by micropolariscope for 
research —Axioskop 40 pol of zeiss. 

Structure of iron ore 

The type of structure of iron ore is simple, mainly is oolitic structure, followed by reniform and 
impregnation structure. (1) Oolitic structure: Colloidal hematites and rocky minerals are interbedded 
and form into cambium ring, the center of oolite mainly are quartz, carbonate, next is hematite.（see 
fig1a~c）. (2) Reniform structure: Clloidal hematite and rocky mineral are interbedded and form into 
big cambium ring. (3)Impregnation structure: the star dot hematite distribute in quartz and the other 
rocky mineral

[6]
 （see fig1d）. 

Texture of iron ore 

Xuanhua iron ore is colloidal textrue primarily, next is xenomorphic-granular, inclusion and 
broken texture. (1) Colloidal texture: The shape of the hematite is colloidal aggregate. Because of the 
grain size of the hematite is fine, and some of quartz, iron pyrites and the other rocky minerals  are 
wapped in them, so it is difficult to liberate between hematite and rocky minerals and easy to be mud. 
（2）Xenomorphic-granular texture: The hematite and rocky minerals distribute with xenomorphic 
granular shaped. (3) Inclusion texture: Colloidal aggregate of the hematite and rocky mineral wapped 
each other and the xenomorphic granular of the hematite are wapped in the rocky minerals. (4)Broken 
texture: Crack is formed in iron pyrites because of exogenous process, and some rocky minerals filled 
in it. 

       
a  Oolitic structure                                       b  Colloidal hematite and rocky mineral interbedded 

Reflected light（—）×25                                                               Reflected light（—）×100 

        
c  Oolitic structure                                                        d   Impregnation structure 

Transmitted light（+）× 50                                                 Reflected light（—）×200 

Hm—Hematite; Q—Quartz; Ch—Chlorite 

Fig.1 The pictures of structure and texture of the iron ore 
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Mineral composition and embedded cloth of ore 

Mineral composition of iron ore 

Mineral composition and volume percentage of iron ore can be seen in table 3. 
Table 3.  Mineral composition and volume percentage of iron ore    % 

metallic minerals rocky minerals 

hematite limonite Iron-pyrites quartz carbonate epidote chlorite amphibole others 

60-65 2-3 1-2 15-20 5-7 3-5 2-3 1-2 1-2 

 
According to Table 3, Mineral composition of iron ore is complex, metallic minerals is mainly 

hematite, the percentage is 60-65%, and then limonite and iron-pyrites; the main rocky minerals is 
quartz, followed by carbonate, epidote, amphibole and chlorite. 

Embedded cloth of the main minerals 

Metallic minerals 
⑴ Hematite: Hematite is the main iron mineral of the iron ore, the percentage of the hematite is 

60-65%. Most of the hematite are colloidal aggregate shaped, covering each other with quartz, 
carbonate, some other rocky minerals, and form the oolitic hematite, a little of hematite are fine 
xenomorphic granular and acerose shaped, which wapped in the quartz and other rocky minerals.The 
grain size of hematite is generally 0.005mm-0.3mm. The oolitic hematite mainly appears as circular 
and elliptical shaped, most the centers of oolites are small, and are consisted of quartz, carbonate, and 
other rocky minerals and hematite. Some tiny iron-pyrites and quartz can be seen in the colloidal 
aggregate hematite. The aperture gaps between oolites are filled up with quartz, carbonate, epidote 
and other rocky minerals, the contanct relation of the minerals in the gaps and the oolitic hematite is 
mainly syntopy. (see fig.2 a~f). 

⑵ Iron-pyrites: Iron-pyrites is the main sulfur-bearing mineral and harmful mineral. The grain 
size of iron-pyrites varies, generally is 0.002mm-0.15mm. the iron-pyrites are wapped in colloidal 
aggregate heamtite, quartz and the other minerals with a shape of drops and stars, some of the rest 
appears as euhedral crystal, subhedron, and interbeded or inlay with the hematite. (see fig.2 e~f). 
Rocky minerals 

Quartz：Quartz is the main rocky mineral of the iron ore, the percentage is 15-20%. Most of the 
quartz is granular shaped, grain size varies from 0.005mm to 1.78 mm, the coarse grains fill in the 
center of oolitic hematite or fill between the oolites, and the tenuous grains are interbeded or mingled 
with colloform hematite. (see fig.2 a~d).  

Carbonate most appears in the shape of granule, grain size is 0.04mm-0.17mm. Most of the 
carbonate inlay with the oolitic hematite, and some fill in the the center of oolites. Some carbonate 
braid can be seen in the print of ore. 

The analysis result of the feature of Xuanhua iron ore shows that: the main iron mineral is 
hematite, the main rocky mineral is quartz, so the aim of concentration is made hematite and quartz to 
separate. 

   
a    hematite and quartz interbeded                           b   Quartz fills in the center of oolite 

Reflected light（—）×200                                     Reflected light（—）×200 

Q 

Q 

Hm 
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ｃGranular hematite distribute in quartz                         d  Quartz fills between the oolites 

Reflected light（—）×200                                        Transmitted light（+）×50 

    
e  Particle iron-pyrites in colloidal hematite                    f  Iron-pyrites and hematite interbeded 

  Reflected light（—）×500                                      Reflected light（—）×50 

Hm—Hematite; Q—Quartz; Py—Iron-pyrites 

Fig.2  The Pictures of Inbuilt features of main minerals 

Grain size analysis of hematite and gangue mineral in the mineral 

In order to characterize the distribution of the hematite, the craft grain size of the hematite and 
rocky mineral was curved by using line measurement under the micropolariscope. 

Table 4  The testing result of the dissemination size of hematite and rocky mineral   % 

size fraction 

[mm] 

hematite distibution rate rocky mineral distribution rate 

content 
positive 

accumulation 

negative 

accumulation 
content 

positive 

accumulation  

negative 

accumulation 

+0.666 0.4 0.4 100 15.2 15.2 100 

-0.666+0.333 8.4 8.8 99.6 23.4 38.6 84.8 

-0.333+0.166 18.1 26.9 91.2 12.9 51.5 61.4 

-0.166+0.083 21.2 48.1 73.1 10.5 62 48.5 

-0.083+0.042 17.3 65.4 51.9 12.1 74.1 38 

-0.042+0.021 17.3 82.7 34.6 13.3 87.4 25.9 

-0.021+0.01 11.7 94.4 17.3 7.4 94.8 12.6 

-0.01+0.005 5.1 99.5 5.6 4.5 99.3 5.2 

-0.005 0.5 100 0.5 0.7 100 0.7 

 
From the table 4: The size distribution of hematite and rocky mineral in size fraction of 

+0.083mm is up to 48.1%, 62%, in size fraction of -0.042mm is 519%, 38%, in size fraction of 
-0.01mm is 17.3%, 12.6%. This shows than the dissemination size of the hematite and rocky mineral 
is very fine, it is difficult to liberate between hematite and rocky minerals and easy to be mud, so that 

Hm 

Q 

Py 

Q 

Hm 
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the iron ore is very hard to separate, and it can be used in the process of stage grinding and 
concentration

[7]
.  

Conclution 

(1) In Xuanhua iron ore, the content of the hematite-ironstone is 43.45%, the distributive law is 
91.17%. The ore belongs to acidic hematite ore. 
     (2) The ore is oolitic structure, colloidal and xenomorphic granuler texture. The mineral 
composition is complex, the metallic minerals mainly is hematite, and the rocky minerals mainly is 
quartz, the next is carbonate, epidote, chlorite, amphibole.  
     (3) In the iron ore, the shape of the hematite mainly is colloidal aggregate; among the colloidal 
hematite include the iron-pyrites and quartz. Quartz and the other rocky mineral are located in the 
center of oolitic hematite or fill between the oolites. 
     (4) In the iron ore, the distribution size of the hematite and the rocky mineral is fine, it is difficult to 
liberate between hematite and rocky minerals and easy to be mud.  

(5) The iron ore is very hard to separate, and it can be used in the process of grind stage and 
concentration. 
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Abstract. In this paper, using the relevant data of 34 teaching staffs who participate in the academic 

title evaluation of associate professor in 2010, firstly it introduces the entropy weight method, Topsis 

method with subjective weight, Topsis method with objective weight and double base points method 

with subjective weight to evaluate and sort the performance of 34 teaching staffs. Secondly, two 

combination evaluation models are constructed to do the same work and the conclusions are more 

science and rational. 

Introduction 

Evaluation work of the professional and technical positions involves the performance evaluation 

about the teaching staffs. It not only helps improve the scientific and technological management level 

and efficiency, but also to mobilize the enthusiasm of teaching staffs. So the establishment of a 

scientific, objective, fair and quantifiable evaluation method of performance is the exploration 

direction for many research scientists. To the academic title evaluation in the university, the job is to 

evaluate the teaching staffs from the aspects of moral character, diligence and performance and select 

the excellent one. Therefore the process of the academic title evaluation belongs to multiple attribute 

decision making problems. At present, there are many methods to solve the multi-attribute decision 

making problem, such as simple additive weighting (SAW), approaching the ideal solution for sorting 

methods (TOPSIS)[1], Analytic Hierarchy Process (AHP)[2], principal component analysis 

(PCA)[3], etc. To a decision making problems, you can use a variety of decision-making methods 

(model) to solve it. But due to the difference among the methods in the theoretical basis and 

information, the results (scheme order) are generally different and sometimes even have a great 

difference. At the same time, different methods have their own characteristics, scope, advantages and 

disadvantages. Therefore, in order to get a more reliable result, we can use several methods to 

evaluate and compare, synthesize the results. The new result is more reasonable and convincing. In 

this paper, it uses 34 teaching staffs of Tangshan Normal University as the evaluation object to 

validate the mathematical model.  

The basic steps of multi-attribute combination evaluation 

To the multi-attribute combination evaluation, the decision-making approach in it is the synthetically 

sorting method. And the evaluation result is the ranking results of decision scheme. The basic steps of 

combination evaluation are as follow: 

1. Choosing some representative evaluation methods. Generally we choose the evaluation methods 

in the two basic kinds evaluation methods (one kind is the method with subjective weight in which It 

determines weights by experts based on experiences; Another kind is the method with objective 

weight in which the weights are determine by certain rules and do not depend on subjective 

judgments.) and select at least one method in each one. If these two methods are combined, the defects 

can be complementary and the evaluations are more comprehensive. 
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2. Comparing the different evaluation results. When we compare the different sort obtained by 

different evaluation methods, since they address the same issue, the results should not be a greater 

difference. Otherwise, we should consider replacing part of the sorting method. For any two sorted 

results obtained by the two methods, their level of consistency can be described by Spearman rank 

correlation coefficient which is calculated as follows: 

∑
=−

−=
m

i

id
mm

r
1

2

2 )1(

6
1 . 

where m is the number of decision scheme,
id is the difference between the two ranking results of 

decision scheme i
A . Observe that, the lager r is, the more consistent the two ranking results are. If the 

two ranking results obtained by two methods are exactly the same, then we have 1=r . 

3. Composing the different evaluation results and obtaining the combination evaluation value. The 

common combination evaluation methods are as follow: 

(1) The mean value method. Suppose that there are s kinds of evaluation methods, ik
p is the sorting 

number of decision scheme i
A in the kth evaluation methods (i = l,..., m, k = 1,..., s). So we let 

mip
s

a
s
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�== ∑
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Based on the value of i
a , the decision schemes are sorted. Observe that, the smaller i

a is, the 

better i
A is. If ji

aa = , then we compare their variances. Their variances can be computed by 
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The variance is, the decision scheme is. 

(2) Borda method. In the results obtained by different methods, if the number of that decision 

scheme i
A  is better than j

A  is greater than the number of that j
A  is better than i

A , then .it note that 

ji
SAA ; If the number is equal, then note that ji

EAA . So we can structure the Borda matrix as follow: 

mmji
bB ×= )( ,where 





=
casesother

EAAif
b

ji

ji
，0

,1
. 

Define the score of iA is 

∑
≠=

=
m

ijj

iji bb
,1

. 

Then the 
ib  is the "excellent" (or "wins") number of i

A . Observe that, the greater 
ib is, the better iA is. 

If 
ji bb = , then we compare their variance. The variance is, the decision scheme is. 

Case 

Taking the information about 34 teaching staffs who participate in the academic title evaluation of 

associate professor in Tangshan Normal University in the 2010 as example, it uses combined 

evaluation to evaluate and sort their capability. The original data can be seen in Table 1(The name of 

the teaching staffs are substitute by their second name).  
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And the value of each index about the teaching staff is calculated by the same and fixed formula 

which is accepted by the teaching staffs in Tangshan Normal University. 

 

Table 1 The date of the 34 teaching staffs 

Name 
Educational 

background 

Teaching 

quantity 

Scientific 

research 

workload 

Job 

performance 

Cheng  5 47 30.31 9 

Mou 4 51 21.585 7.75 

Yingzi 5 32.4 10.805 7 

Yufen 4 58 9.67 7 

Dong 3 46.12 8.735 7 

Junxia 5 48.5 22.19 7 

Liqiang  5 44.1 11.09 7 

Jining 5 60.3 15.92 7 

Shugeng 5 44.62 6.5 8.75 

Zhixin 6 57 21.48 7 

Xiaohui 5 60 8.19 5 

Wei 5 49 9.59 7.3 

Baofeng 5 63 24.935 8 

Gang 3 46 16.53 8.25 

Haicheng 3 59 11 7.75 

Jian 5 44.5 14.65 6.25 

Yuanyuan 3 67 14.5 9 

Fafen 5 59.57 9.1975 7 

Junhong 4 58 19.645 9 

Yanzhi 5 61 29.665 8 

Xiangguo 3 47 8 9 

Yongqing 4 51 22.5 5 

Lina 5 44.11 21.19 7.5 

Shengcai 5 55 16.7 7.5 

Zhenling 5 60.12 36.7 7 

Yanyu 3 54.5 12.85 9 

Jing 6 55 30.68 5.25 

Liying 4 58.8 5.73 7.35 

Yuanjing 4 52.5 24.4 7.5 

Yongping 6 41.8 20.145 5 

Xin 5 65.73 26.17 8.65 

Lili 6 58 15.145 7.75 

Yan 5 70.81 15.525 7 

Yuhua 5 54.5 15.735 9 

1. Using six evaluation methods to evaluate. The paper uses Topsis method with subjective 

weights (note 1), Topsis method with objective weights(note2), double base points method with 

subjective weights(note 3)[4], double base points method with objective weights(note 4), the entropy 

weight method[5] (note 5) and principal component analysis method(note 6) to evaluate and sort the 

date. The results can be seen in the Table 2. And the subjective weights used is  

)1.0,35.0,45.0,1.0(
1
=w  

which is given by experts and objective weights is  
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)0.2180.328,0.12,0.3342,(
2
=w   

which is calculated by entropy method. 

Table 2 The results of six methods 

Name Method 1 Method 2 Method 3 Method 4 Method 5 Method 6 

Cheng  5 2 11 2 3 6 

Mou 11 12 16 18 13 12 

Yingzi 34 24 34 24 34 34 

Yufen 25 31 22 28 23 23 

Dong 32 34 32 34 33 29 

Junxia 10 9 21 12 12 20 

Liqiang  30 23 31 22 30 30 

Jining 16 18 10 15 18 16 

Shugeng 33 28 33 19 32 26 

Zhixin 8 7 8 6 11 13 

Xiaohui 26 29 20 26 26 32 

Wei 29 26 28 21 29 28 

Baofeng 6 6 5 7 5 5 

Gang 21 21 26 29 24 18 

Haicheng 22 30 18 32 16 15 

Jian 27 20 29 20 27 31 

Yuanyuan 15 22 7 27 8 4 

Fafen 24 27 17 23 21 24 

Junhong 12 14 9 16 6 7 

Yanzhi 2 4 3 4 4 2 

Xiangguo 31 32 30 33 31 21 

Yongqing 9 13 19 25 14 27 

Lina 14 10 25 11 20 22 

Shengcai 18 16 14 13 15 17 

Zhenling 1 1 1 1 1 3 

Yanyu 23 25 23 30 22 10 

Jing 3 3 6 3 7 19 

Liying 28 33 24 31 28 25 

Yuanjing 7 8 12 17 10 11 

Yongping 17 11 27 9 25 33 

Xin 4 5 2 5 2 1 

Lili 19 15 13 8 17 14 

Yan 13 19 4 14 9 8 

Yuhua 20 17 15 10 19 9 

2. Comparing the different evaluation results. The correlation coefficients are as follow: 

Table 3 The correlation coefficients 

12r  13r  14r  15r  16r  23r  24r  25r  26r  34r  35r  36r  45r  46r  56r  
0.91 0.85 0.75 0.94 0.72 0.67 0.9 0.80 0.56 0.64 0.93 0.84 0.68 0.49 0.85 

Through observation, the correlation coefficients between the double base points method with 

objective weight and other methods and principal component analysis method and other methods are 

poor.  

So we remove the two evaluation methods and only use the other four methods to evaluate the date. 
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3. Computing the combination evaluation value (see Table 4). And by computed the correlation 

coefficient between the two combination evaluation methods is 0.994194. 

 

Table 4  The results of the combination evaluation 

Name 

The result of 

the mean 

value method 

The result 

of Borda 

method 

Name 

The result of 

the mean 

value method 

The result 

of Borda 

method 

Cheng  5 5 Fafen 22 23 

Mou 11 13 Junhong 9 9 

Yingzi 33 34 Yanzhi 2 2 

Yufen 26 25 Xiangguo 31 31 

Dong 34 32 Yongqing 14 14 

Junxia 12 11 Lina 18 15 

Liqiang  30 30 Shengcai 16 16 

Jining 15 18 Zhenling 1 1 

Shugeng 32 33 Yanyu 24 24 

Zhixin 7 7 Jing 4 4 

Xiaohui 25 26 Liying 29 28 

Wei 28 29 Yuanjing 8 8 

Baofeng 6 6 Yongping 20 19 

Gang 23 22 Xin 3 3 

Haicheng 21 21 Lili 17 17 

Jian 27 27 Yan 10 10 

Yuanyuan 13 12 Yuhua 19 20 

Conclusion 

In this paper, to the quantitative data of 34 teaching staff in Tangshan normal university, we 

propose two combined evaluation model. Firstly, four evaluation methods are used to sort. Then it 

uses two methods to combine their results and get the comprehensive ranking results. At he same 

time, the correlation coefficient between the two combined evaluation methods are computed which 

show that the credibility of the results show is high. In other word, the two combined evaluation 

model not only consider the differences between the single methods, but also consider the order 

factors. Therefore, the evaluation results are more comprehensive, scientific, rational, and more 

credible. In a word, this study provides new practical ideas and methods for the job of academic title 

evaluation. 
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Abstract. In this paper, a class of higher-order neutral delay difference equations is investigated. 

Some sufficient condition of the asymptotic behavior and existence of positive solutions for the 

equations are obtained. At last, we give their applications to some more general equations. 

Introduction 

Consider the following higher-order neutral delay difference equations. 

0)()()())()()(( 1
1

=−−+−−∆ Π
=

σσ
α

nsignxnxnqknxnpnx i

i

m

i

d  0nn ≥ ,                                          (1) 

where i
kd σ,, are nonnegative integers， mi ,...,2,1= ； )}({ np , )}({ nq are sequences of real 

numbers; 0>
i

α  and 1
1

=∑
=

m

i

i
α ;Let ∑

=

=
m

i

i

1

σσ , },...,2,1,max{ miM
i
== σ and Mk ≥ ; ∆  is the forward 

difference operator defined by ，)()1()( nxnxnx −+=∆  ))(()( 1 nxnx dd −∆∆=∆ . )}({ nx  is said be a 

solution of (1) if )(nx  has definition for knn −≥
0  and satisfies the equation for 0

nn ≥ . The 

solution of (1) is said to be oscillatory if it is neither eventually positive nor eventually negative. 

Otherwise, the solution is said to be nonoscillatory. 

In recent years, in the field of biomathematics, modern physics, socio-economic and other social 

sciences, the research about neutral delay differential equations becomes more and more important. 

So the existence of positive solution and oscillatory behavior of these equations get rapid 

development .There are many results about them, such as [1,2,3]. However, these studies are mostly 

about low order or linear equations. The research on existence of positive solution about higher order 

difference equations are little and most part are distinguish even and odd [4]. Therefore, using 

fixed-point theorem of Krasnoselskii [5], to a class of high order equations, this paper get some 

sufficient condition about its solution.  

Main Results 

LEMMA 1  Assume that )}({ np is a nonzero sequence of same sign, δ>|)(| np (whereδ is a positive 

constant) for 0
nn ≥∀  and 0)()1( >− nqd

. If 

ind

ni

eiqdni
d

−+−
∞

=

−+−
−

∑ σ0

0

)()1(
)!1(

1 )1(

0                                                                                                             (2) 

converges, then the following statements hold: 
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(I) If )}({ np is a sequence of positive real numbers, then (1) has an eventually positive 

solution )}({ nxx = and it satisfies  

0lim =
∞→

n
n

x ;                                                                                                                                         (3) 

(II) If )}({ np is a sequence of negative real numbers, then (1) has a solution which satisfies(3). 

Proof  Suppose that H is a set of bounded sequence. For any Hnyy
nn
∈= ∞

= 0

)}({ , we define  

|)(|sup
0

nyy nn≥=
. 

Observe that H is a Banach space. 

(I) If )}({ np is a sequence of positive real numbers, then 0
,)( nnfornp >> δ . Let  
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1
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Form the known conditions, we obtain that )}({ nG is monotone decreasing and  

0)(lim =
∞→

nG
n

.                                                                                                                                         (8) 

Therefore, for any 0>ε , there exists integer 12 nn ≥ such that 

ε<)(nG  , 2nn ≥ .                                                                                                                               (9) 

Let 

}),()(0:{ 2nnnGnxHxA ≥≤≤∈= .                                                                                                   (10) 

Observe that A is a bounded closed convex set in H . For any 2,)}({)},({ nnAnzznyy ≥∈== , we 

define the mapping as following: 
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contraction mapping on A .  
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Thus, 2T  is a continuous mapping. And form (4), (10) and the monotonicity of )}({ nG , we get 
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Therefore, x  is an eventually positive solution of (1). And from (8), we have 0lim =
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The following proof of II) is similar to that of I), and will be omitted here. The proof is complete. 

LEMMA 2  Suppose that )}({ np is s a nonzero sequence of same sign, δ−<< 1|)(|0 np  (where 

10 << δ  is a constant) for any 0
nn ≥  and 0)()1( 1 >− + nqd

.If (2) holds, then (I) If )}({ np is a 
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sequence of positive real numbers, then (1) has an eventually positive solution )}({ nxx = and it 

satisfies (3); (II) If )}({ np is a sequence of negative real numbers, then (1) has a solution which 

satisfies(3). 

The proof of lemma 2 is similar to that of lemma1and will be omitted here. 

Extension 

The more general form of (1) will be study as follow: 
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d nxnxfnqknxnpnx σσ   0nn ≥ ,                                           (15) 
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LEMMA 3  Assume that )}({ np is a nonzero sequence of same sign, δ>|)(| np (where 1>δ is a 

constant) for 0
nn ≥∀ and 0)()1( >− nqd

. If ∞<∑
∞

=

− |)(|
0

1 iqi
ni

d , then the following statements hold: (I) 

If )}({ np is a sequence of positive real numbers, then (15) has an eventually positive 

solution )}({ nxx = and satisfies (3);(II) If )}({ np is a sequence of negative real numbers, then (15) 

has a solution which satisfies(3).  

Proof  Also suppose that H is a set of bounded sequence. For any Hnyy nn ∈= ∞

= 0
)}({ , we 

define |)(|sup
0

nyy nn≥= . 

The proof of lemma 3 is similar to that of lemma1and will be omitted here. 

LEMMA 4  Suppose that )}({ np is a nonzero sequence of same sign, δ−<< 1|)(|0 np  (where 

10 << δ  is a constant) for any 0
nn ≥  and 0)()1( 1 >− + nqd

.If (2) holds, then (I) If )}({ np is a 

sequence of positive real numbers, then (15) has an eventually positive solution )}({ nxx = and it 

satisfies (3); (II) If )}({ np is a sequence of negative real numbers, then (15) has a solution which 

satisfies (3). 

The proof of lemma 4 is similar to that of lemma1and will be omitted here. 

Conclusion 

This paper gets several sufficient conditions about a class of higher order neutral delay difference 

equations and the results are extended to the more general form. But when the condition (2) does not 

establish, the properties of the difference equations remain to be further studied. 
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Abstract. To one company, it takes 8 major economic indicators as evaluation indexes. Firstly, it uses 

correlation method to determine the weight and uses the double-point method to sort the 8-years 

comprehensive economic enterprises. Then through the analysis of the correlation matrix, it identifies 

the main factors. Finally, the ranking and principal component analysis results are compared and 

analyzed. 

Introduction 

In the evaluation of economic efficiency of enterprises, how to establish scientific and reasonable 

evaluation index system, by means of scientific evaluation method, is very important [1,2]. So finding 

an accurate quantitative analysis, an integrated evaluation of business plans to develop a scientific, 

rational policy and long-term planning is very necessary. Generally, in a multi-indices of the issue of 

multi-use integrated assessment method, formula, overall balance law [3], we propose a correlation to 

determine the weight (objective weight) of the double base points, which can comprehensively 

evaluate the enterprise economic benefits.  

The basic steps of evaluation method 

1. Standardization of the indexes. 

Suppose that the original target set is nmijxX ×= )( , so if ijx  is a benefit indexes, we let 
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2. The computing of the correlation coefficient and correlation degree. 

The ideal program notes 0y and { }njyjy j �,2,1)(0 ==
+

, where { }
ij

i
j yy max=
+

, nj ,,2,1 �= . 

Then to the jth index, the correlation coefficient )( jiξ  between the ideal program and the property 

value of the ith program { }njmiyjy iji ,.2,1,,2,1)( �� === can be defined as 
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where ( )1,0∈ρ is resolution coefficient and Its role is to reduce the impact of distortion caused by the 

large absolute value. Obviously, the larger the value of )( jiξ is, the closer two programs are. So the 

correlation degree can be computed by ∑
=

=
n

k

ii k
n 1

)(
1

ξϖ .Observe that the lager iϖ  is, the program is 

better. 

3. The calculating of the closeness degree [4]. 

Case 

We adopt the above method to evaluate the economic enterprises of one company (see [3]), the 

original date can be seen as follow: 

Table 1 The original date  

Year 

Gross 

Industrial 

Output 

Value 

(Million 

yuan) 

The cost 

of 100 

yuan 

output 

value 

(yuan) 

Total 

profit 

(Million 

yuan) 

Total of 

profit 

and tax 

(Million 

yuan) 

Sales 

Income 

(Million 

yuan) 

Selling 

tax 

(Million 

yuan) 

Turnover 

days of 

circulating 

capital 

(day) 

Capital 

pay-off 

rate 

(%)） 

1990 2658 63 282 1109 3247 829 75 41.4 

1991 2734 60 242 1121 3464 879 79 41.7 

1992 3133 60 327 1399 4227 1072 51 56 

1993 4483 48 503 2223 6338 1720 67 52.7 

1994 5702 45 701 2605 8343 1243 100 28.7 

1995 5273 46 182 2060 9008 1062 99 16.7 

1996 5689 54 180 1970 9884 1011 99 15 

1997 7051 51 719 3023 11814 1178 72 23.6 

In the eight economic indicators, except the cost of 100 yuan output value and turnover days of 

circulating capital are cost indicators, the other six are benefit indicators. So the correlation 

coefficient matrix can be calculated by the previous formulas. The results are shown as follows: 

Table 2 The resolution coefficient of each index 

Year 

Gross 

Industri

al 

Output 

Value 

(Million 

yuan) 

The 

cost of 

100 

yuan 

output 

value 

(yuan) 

Total 

profit 

(Million 

yuan) 

Total of 

profit 

and tax 

(Million 

yuan) 

Sales 

Income 

(Million 

yuan) 

Selling 

tax 

(Million 

yuan) 

Turnov

er days 

of 

circulati

ng 

capital 

(day) 

Capital 

pay-off 

rate 

(%) 

1990 1.0000 1.0000 0.7254 1.0000 1.0000 1.0000 0.4949 0.4371 

1991 0.9666 0.7500 0.8130 0.9876 0.9518 0.8991 0.5385 0.4343 

1992 0.8222 0.7500 0.6471 0.7674 0.8138 0.6471 0.3333 0.3333 

1993 0.5462 0.3750 0.4549 0.4621 0.5809 0.3333 0.4261 0.3522 

1994 0.4191 0.3333 0.3409 0.3901 0.4567 0.5183 1.0000 0.5994 

1995 0.4565 0.3462 0.9926 0.5016 0.4265 0.6566 0.9608 0.9234 

1996 0.4202 0.5000 1.0000 0.5264 0.3922 0.7100 0.9608 1.0000 

1997 0.3333 0.4286 0.3333 0.3333 0.3333 0.5607 0.4667 0.7045 
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Then we can get the weights which are shown as follow: 

Table 3 The weights 

1ω  2ω  3ω  4ω  5ω  6ω  7ω  8ω  

0.9110 0.9004 0.8681 0.8083 0.8528 0.8726 0.8810 0.8622 

According to the weights obtained, we standardize the data and get closeness degree by double 

base points. The results of the comprehensive economic benefits are as follows: 

Table 4 The closeness degree and the ranking 

Year Closeness degree Ranking 

1990 0.0277 8 

1991 0.0356 7 

1992 0.0742 4 

1993 0.1217 1 

1994 0.0883 2 

1995 0.0696 5 

1996 0.0596 6 

1997 0.0801 3 

The results showed that: the company's economic efficiency has gradually increased, but in 1995 

and 1996 decreased. This conclusion matches with the actual situation of the company. 

In order to study the differences between the two results, we calculate Spearman rank correlation 

coefficient of the two results and get the coefficient is 905.0=w . So the results of two evaluation 

results can be considered consistent. Then to test the above conclusions, we can do as follow:  

0H : Evaluation results are consistent; 

1H : Evaluation results are inconsistent. 

We construct statistics ∑
=

−
=

8

1

2
2 )(

i i

ii

a

ba
χ , where ia is the sorting in [3] and ib is the sorting in this 

paper. For 05.0)(
2

025.0

22

975.0 =<< χχχP , we look up table and get 68987.1
2

975.0 =χ , 

0128.16
2

025.0 =χ . So 95.12 =χ . Can not reject the null hypothesis, that is, through non-parametric 

hypothesis test the two results can be considered be consistent. 

Summary 

Using 2χ  test method, we make a comparison between the results of this paper and the results of 

literature [3], which show that there is no significant difference between the two results. And by this 

method used in this paper, it avoids the subjective factors in process of determining the weight. 
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Abstract. The particle system has unique advantages on the stimulation of the natural phenomena of 

rain, snow, flowing water and dust, physical phenomena and space warp. The paper discussed using 

the event-driven particle flow system to stimulate the fountain on the stimulation of fountain on 

particle system, in which there are disadvantages of by using the non-event-driven particle flow 

system and lacking of the effects of external factors such as resistance, gravity and the speed of wind. 

The event-driven particle flow system is made up of a series of events. Every particle flow emitted the 

particles that will experienced a series of events. In every event we can use operator to the effect of all 

the changes in particles. Among the tests in the events, the events are connected together. So we can 

stimulate the water jetting, falling, spray, ripple and the effect of disappear with the wind of the 

fountain. All these can prove that the event-driven particle system is necessary in producing the 

realistic scene. 

Introduction 

The simulation of natural scenery has been the focus of computer graphics. Because the shapes of the 

natural scenery are changing with the time, the surfaces usually contain a lot of details. So it is hard to 

describe them by using the traditional surface analysis. When simulation the objects such as cloud, 

smoke and fire, the particle system is thought as the most successful way. It is used widely in the 

fields of computer games, video and advertisements. 

Compared with mountains, plants and cloud, the simulation of the fountain is more difficult. The 

reason is that the movement of the water sprayed by the fountain is changing all the times, collision 

with the obstacles arising splashes phenomenon. All of this is hard to be described in traditional way. 

Since the particle system is proposed by Reeves[1] in 1983, there are many particle systems to 

simulate the work of natural scenery, including the simulation of water flow. Peachey[2] and 

Fournier[3] use particle system to simulate the wind blowing the wave and the spray formed by the 

waves. Goss[4] used the particle system to simulate the locus when the ship going. Wan hua gen[5] 

used particle system to simulate the wind blowing the wave and the splash formed by the wave[67]. 

The article analysis the water flow from the nozzle will be affected by the gravity to fall, then will 

meet the wind and the wind will the spray to blow more smaller sprays, then the spray will fall into the 

pool to form ripples. The speed and quantity of the water from the fountain will change irregularly. 

All the effects are necessary to form the realistic scene.  

The basic principle of particle system  

The simulation of natural scenery has been the focus of computer graphics. Because the shapes of the 

natural scenery are changing with the time, the surfaces usually contain a lot of details. So it is hard to 

describe them by using the traditional surface analysis. When simulation the objects such as cloud, 
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smoke and fire, the particle system is thought as the most successful way. It is used widely in the 

fields of computer games, video and advertisements. 

The basic thought of particle system is: taking many small particles with simple shapes as basic 

element, using them to describe the irregular and fuzzy objects. The particles with their life cycle will 

go through the three steps of the “forming”, “movement and growing” and “extinguish”. The particle 

system is a system with “life”, so it can not form the instantaneous static landscape pictures, it can 

form a series of pictures with movement. So it is possible to stimulate the dynamic natural scenery. 

The basic steps of forming pictures by using the particle system: 

Forming the new particle.  

Give every new particle some property.  

Delete the particle that not in the period of survival. 

According to the dynamic property of the particle to move and change the particle. 

Display the picture made up by the particles with lives. 

The particle system is taking the random process to control the number of the particles and to 

determine the original random property, such as the original movement direction, original size, 

original color, and original transparency, original shape and the period of survival. And changing the 

properties during the process of the movement and growing up. The random of the particle system 

make the stimulation of irregular fuzzy objects vey simple. 

The basic principle Event-driven Particle Flow 

Non event-driven particle system is referred to the cartoon system that forming the particles with time 

changing. It is easy and fast to set and fit for making the simple particle cartoon such as fountain, 

snow and rain and dust. The particle flow is a particle system driven by events. It contains a special 

transmitter. Every particle system is made up by many different particle flow, and the particle flows 

own different transmitter. The transmitter can define the behavior of the particle, set the test 

conditions of life, collision and speed. It can react according to the test result, set the strong flexibility 

and controllability fitting for making complicated particle cartoon picture such as the fragments, 

flame and smog. 

The working method of the event-driven particle flow system. We can think that the working 

method of the particle system as follows: Choose some actions, using the actions to define the special 

condition of some particle and make a group of movements to form the event and then using the test 

to send the particle from the event to the other. A series of events form the particle flow. The 

event-driven particle flow belongs to one kind of particle system, and the particle flow is made up by 

a series of event and every event is made up by one of more actions. 

The life cycle of the particle . The particle system is like the program that can produce the lives. The 

program can affect the movement of the particle, the property of the particle, testing the interact of the 

particle and other objects in the scenery and can define the condition and behavior of the particle in 

every time. The life cycle of the particle can be described the change of the particle from begin to the 

end, and during the time the external forces and a variety of triggers can decide the next period 

condition of the particles. 

The basic flow of the life cycle of the particle.  

The particle is set up based on special settings, but the particles have to be guided and commanded 

by some events. 

The movement is added on some position of the particle to make the particle accelerate to move to 

the direction of the object. The series of movements are controlled by force. 

The particle will be in some condition until an event happens.  

Event test can change the current condition of the particle, they are like the triggers. When an event 

happens, a decision have to be made, the particle then can go into a  new condition.  

A new condition can change the property of the particle, such as: speed, shape, size and rotation or 

make the old particle to produce the new particle.  

This kind of force can be all kinds of force, such as the power of wind and gravity. 

A particle can be tested to hit with other object or be forbidden to move on some object.  
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The life cycle of the particle is another property , it can be tested, can be used to change the 

condition of the particle or disappear after some frame. 

The particle can be pointed as any kind of material. 

The key technology of the stimulation of fountain 

We make a fountain in this paper using common non-event-driven particle system. Although the 

whole effect is pretty good, but there is fatal flaw—lacking of details, and the particle flow just have 

these advantages. 

The realistic effect of the fountain is when the water flow coming out of the nozzle, the water flow is 

affected by the gravity then will meet the wind, the wind will blow the spray into smaller sprays, then 

the spray will fall into the pool to produce the ripples. There will be irregular changes of the speed and 

the number of the water. All the effects is necessary details to make the realistic scenery. 

The function of the particle is very powerful, but the flow chart is not intuition like the 

non-event-driven particle system. The stimulation of the paper will need to use the “particle view”, 

the “particle view” is made up of a series of “events”. 

Related model 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 1  Model diagram 

The steps of stimulation  
Set up the particle emitter. After adding a particle emitter in the scenery, in the particle view 

there will be an event named by particle flow source, the event is global event, the operator in the 

event will affect all the particles in the particle flow source. With the global event there will be an 

event -2. In this event there must be a Birth operator, then the particle system can launch particles 

normally.  

Space warp. To produce the effects about the particle system, it is necessary to have the space 

warp. The stimulation of scenery of fountain will need three space warps, they are gravity, wind and 

POmniFlect. 

In the non-event-driven particle system when using POmniFlect, using the tool of Biond To Space 

Warp to bind the particle system and POmniFlect, in the particle flow using the POmniFlect, in the 

particle view adding the Collision test or the Collision Spawn test for the event. 

In the event of “particle emitting event” there will be particles continuously, these particles pass 

the test of collision test. All the particles that collapse with the space warp “water surface 

POmniFlect” will be passed to the event of “splash event”, the event through the Spilt Amount 

operation to pass part of the particles to the event of ripples, in the event we need the shape mark 01 

operator to stimulate the ripple effect of  the water surface.  
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Fig. 2   the picture of related matters 

 

In order to produce more realistic effects, the wind is necessary. The drops from the nozzle will be 

blown in more smaller drops, the speed of these drops will slow down and will dance with the wind. 

This kind of effect will be realized by using Spawn, and the falling speed of small drops will slow 

down and the dancing effects will use Force operator. 

The last step of stimulation of fountain just as the ways used in the non-event-driven particle 

system, before rendering the particles we need to set the particles properly. For the non-event-driven 

particle system, we can set the type of the particles as Facing, but for the particle flow we still need 

the operator. We can add a material dynamic operator to the three events. 

 

     
  Fig. 3 The stimulation model diagram of non-event-driven particle system of fountain 

 

  
        Fig. 4 The  diagram of event-driven particle system of fountain 

 

The stimulation of the fountain is almost finished, but there are a lot of places needed to be 

improved. Such as add Scale operator to the event of “particle emit event”, “disappear with the wind 

event” to make it become large during the process of movement, the strength of the gravity and wind 

can be adjusted more in details. We can add noise to the birth and speed of the “particle emit event” to 

make the speed and number of the particle be full of changes to make the fountain more realistic. 

Calculation  

The paper uses event-driven particle flow system to stimulate the fountain. Based on the characters of 

the event-driven particle flow system, we can use the test in the event or between the event to show 

the effects of the three factors of gravity, wind and collision to the stimulation of the fountain. It is 

more changeable than using the non-event-driven particle system. It supply the references for the 

users to stimulate the fountains or other natural scenery in different environments. 
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Abstract. Research on real time dynamic water surface is a hotspot in the study of virtual reality with  

very broad application prospect. With the rapid development of calculating ability of GPU (Graphics 

Processing Unit) and the development of HLSL (High-Level Shader Language), the tasks such as 

vertex shader ,pixel shader, calculation of normal vector, dynamic texture mapping and calculation of 

water reflections and refractions can be done by GPU. In our research we studied the key factors 

affecting the effect of dynamic water surface and indicated that the writer presents some opinions 

which can generate more accurate reflections and refractions of water through adjusting light intensity 

and colorimchy by lighting and perturbing 2D texture mapping with normal mapping. A shader 

program in Virtools has been written and applied in virtual reality project. In the actual operation the 

effect is real and the rendering speed  has greatly increased. 

Introduction 

In virtual reality system, to generate real water surface is very difficult because the color of water 

depends largely on the surface of the light reflection and refraction and the different observations have 

different reflection and refraction effects. In the large water surface, the effect of reflection will be 

weaker nearly and stronger in the distance, the effect of refractive is stronger in nearby surface than far 

into the water, the color of water is darker near the surface and lighter in the distance. Because of the 

fluctuation of water by force, in the near water surface the ripple is clear and obvious and in the 

distance it is more ambiguous. Shader programs can show physical characteristics of the water model 

and texture changing incisively and vividly according to various optical principles, using the surface 

processing capacity of GPU. 

In recent years, many people study dynamic water surface with a variety of graphical image 

processing technology, designing and implement with different algorithms and languages[1-5].  

Li Guangxin and Ding Zhenguo present  a method  simulating  realism of water surface  based on the 

perlin noise and B-spline surfaces, noise is applied  the  characteristic control points  of B-spline 

surface to control height field indirectly, using CubeMap texture technology to simulate reflection, 

using the tracking refraction vector method  to simulate the refraction  and implemented with 

OpenGL graphics interface [6].In the dynamic simulation of large water surface ,Cheng Tiantian  

absorbs Johanson’s grid projection method , combines the feature of GPU which supporting shader 

model of 3.0, uses the  function  of vertex texture fetching, visits the high field of lake in 

programmable vertex shader, solves the 2D equation of wave by using finite difference method and 

simulated raindrops falling into the  water [7].Zhao Ping, Chen Dingfang research on water flow 

effects in the visual scene system and multiple resolution texture techniques based on shader 

technique of Cg, stimulating the wave, the reflection and refraction of water by using the techniques 

of bump texture and HDR(High Dynamic Range) [8]. Cheng YongXin  improves  the normal 

mapping and HDR technology by applying  dynamic texture to normal mapping and using  the 

powerful functions of GPU to generate shader in the real rendering  of dynamic water[9].Obviously, a 

lot of research work of dynamic water has been done by the predecessors. However, in the actual 

application, when we design a new virtual reality project, we will find that many shader programs 

written before can’t be used or may not be suitable for the environment. In order to express the 
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physical characteristics of water and dynamic surface texture fully in different environment and 

different scenes, the author wrote shader program based on HLSL in virtools combining with the 

optical effect of water through studying several key factors affecting dynamic  water.   

Development Technology 

The development of shader. Shader drive the programmable graphic pipeline, and define the final 

surface properties of an object. It provides a series of instructions  programmers which can finish 3d 

image rendering  through executing the instructions on programmable pipeline of GPU[9]. 

Technology of fixed pipeline of 3D  graphics card is used before, now programmable pipeline  is a 

kind of mainstream technologies. Technology of fixed pipeline is that programmer just set the vertex  

position, normal line, UV coordinates and light into the graphics card by providing API and setting 

good parameters, then graphics card can render a picture. Shader is a kind of technology applying to 

3D graphics card of programmable pipeline; there are two kinds of shaders . One is vertex shader, it is 

replaced fixed rendering pipeline in the transformation and lighting part, programmers can control 

vertex transformation and lighting. The other is pixel shader, it replaced the rasterization part of 

rendering in fixed pipeline, programmers can control pixel color and texture sampling etc[10-13]. 

shader in virtools. Virtools software is a rich interaction module of real-time 3D virtual scene 

editing software. It can produce many 3D products with different uses. Virtools software supports the 

senior rendering language of DirectX9 fully. It develops a shader reference for researcher, all kinds of 

usages and the parameters value of the state  can  be seen[14].Writing programs for each shader  is that 

some parameters are filled in, these parameters can be filled in material properties page and can be 

filled by  BB( Building  Block) [15]. A shader program can contain one or more techniques, but there 

is only one technique  applying to render materials. Each technique may contain one or more passes, 

each pass executes sequently according to their order defined. Each vertex and each pixel is execute in 

every pass in order to complete different purpose of render. 

Main  Factors and  the Relevant Implementation Codes 

Lighting. It is the indispensable content that we add lighting to virtual scene. Lighting model is 

that which way is adopted to calculate shade information of the vertex (or pixels) according to the 

direction of light, the vertex (or light pixels) position, the vertex normal information etc. The common 

Phong model is used in shader usually. 

   SpecularDiffuseAmbient IIII ++=                                                                                                                (1) 

   Ambient light is that the light from every direction projects onto an object, it is also called the 

global light. This type of light arrives the surface of object by other surface reflection, illuminates the 

whole scene, and combines the light intensity and chromaticity.  

AcAiI Ambient *=                                                                                                                                (2) 

   Diffuse light propagates along the specific  direction . When it reaches a surface, it reflects along 

each direction and has no relations with the observer's position. Fig. 1 is diagram of diffuse light 

vector.  

L is diffuse light vector, N is normal line,  is the angle between L and N, therefore  

   nLNIDiffuse *cos** β=                                                                                                                         (3) 

If we take N and L as unit vectors, 

Then       θcos=DiffuseI                                                                                                                      (4) 
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Specular light reflectes along the particular direction, When the kind of light reaches a surface, it 

will reflect along another direction strictly, thus forms high brightness lluminatation which can be 

seen from a certain angle range. So specular light has relation with the angle between incidence light 

and the observer’s position, It is usually used to simulate the highlights of objects. Fig.2 is the diagram 

of specular light vector. 

                  
Fig. 1 diagram of diffuse light vector     Fig. 2    diagram of specular light vector 

L is a incident ray vector, R is a reflecting vector, V is the observer view vector,  is the angel 

between R and V. The value of θ is smaller , the specular reflection is stronger. N is  reflection 

coefficient  of different materials, so the specular  model is  showed as  follow. 

nVRISpecular *cos** θ=                                                                                                                         (5) 

If we take R and V as unit vectors, 

Then  θcos=specularI                                                                                                                            (6) 

common lighting model 

nScSiDcDiAcAiI *cos**cos*** θβ ++=                                                                                        (7) 

Reflection. Reflection is one of the most basic optical effects of water. From the lighting model we 

studied in the previous chapter, we have a conclusion that the water surface reflection is divided into 

two parts; they are global reflection and local reflection. Object reflected of global reflection can be 

considered infinity, because the reflective surfaces is  far away, so  the effects of reflection and 

reflection associate with the angle between the reflection  vector and the  surface. For example, the 

sky reflected is the global reflection, it can be seen that it doesn’t move with the viewpoint. Object 

reflected of local reflection is the near object from the surface. It is not only related to the incident 

angle, but also related to the reflection coordinate of surface. If using light tracing algorithm to 

calculate local reflection, the rendering speed will  be reduce greatly. In our research , we  adopt 2D 

reflection texture to simplify the local reflection,  the reflection texture regards the  surface as a 

smooth mirror to calculate. First render the scenery reflected on the surface on a texture map upside 

down, then affix the map to the polygon of the surface for the approximate effect of local reflection. 

Because the water is fluctuations, so  the reflection is distorted through different directions of  normal 

vector . We  use normal mapping, adjust the texture coordinates with pixel shader and perturb the map, 

we can see  the finally effect of the water. At last we use the method which combine the texture 

coordinates transformed from projection coordinate with reflection texture and write shader code 

through analyzing the basic principle of refraction.  

The main codes are showed as fo11ows: 

// The (1,1) projection coordinate is  transformed  into (0,1) texture coordinate 

float bumpFactor;//factor of water-waving 

texture texRef; // reflection texture 

sampler2D samplerRef=sampler_state 

{        texture=<texRef>; 

        MipFilter=LINEAR; 

        MinFilter=LINEAR; 

        MagFilter=LINEAR;}; 
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texture texNorm; //normal texture for generating  waves 

sampler2D samplerNorm=sampler_state 

{        texture=<texNorm>; 

        MipFilter=LINEAR; 

        MinFilter=LINEAR; 

        MagFilter=LINEAR; 

}; 

Refraction . When we observe the underwater objects, the light which can be seen will deviates 

from an angle, this kind of phenomenon is refraction. The phenomenon generation is caused by the 

light reaches into one’s eyes after it reaches the underwater objects and then water reflects to the 

surface. The water is shallower, the light to underwater objects is stronger, the refraction effect is 

more obvious. At the same time, the effect of light refraction and the viewpoint position also have 

relations. The viewpoint position from surface is closer; the refraction effect is more obvious. 

The refraction principle of incident light into the water is as shown in Fig. 3, The corresponding 

formula was brought forward in the 19th century by Fresnel.  

   
Fig. 3 figure of refraction principle 

Where  is refractive coefficient of the medium of incident light,   is refractive coefficient of the 

medium of refraction light, (Light in air refractive coefficient is 1.0003, light in water refractive 

coefficient is 1.3333)   is incident angle,   is refractive angle. According to the principle of light 

refraction, we know how to deal with 2D texture to generate refractive effect for underwater objects, 

and rendering realistic effects finally. Reflection and refraction are the same; the paper adopts texture 

mapping perturbation technology to simulate refraction. First render a texture mapping for the whole 

scene, mark the reflected objects, then use normal mapping disturb the marked texture, according to 

the color information of normal mapping, change the texture coordinates and add displacement for the 

texture coordinates. 

We have written a shader program of dynamic water surface in virtools. Fig. 4(a)  and (b) are  effect 

figures of reflection and refraction in the virtual community roaming system. In the shimmering 

waters there are reflections of the buildings, the trees and the stones, the refractive effect of stone in 

water is clearly visible. 

                                             
              Fig. 4 (a) effects of reflection and refraction    (b) effects of reflection and refraction                                                               

 

Conclusion 

In our paper, we studied  the key factors that had influence on  dynamic water surface. According to 

the lighting model we adjust the  light intensity and chromaticity to realize  overwater reflection and 

refraction by normal mapping perturbing 2D texture mapping. It is of the realistic water surface and 

high real-time rendering speed when you apply it in the virtual community roaming system by 
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programming the shader in virtools. We need to research the real traces when the shop is across the 

water for the future. And we need also to make  ripples effects when the rain drops. It is mysterious for 

us that one can obtain the intuitive visual feedback of code by shader programming at once. You can 

also realize a tree sway with real-time dynamic swaying effect of  leafs on the lake by shader 

programming. But it needs to consider the necessity using shader in order to utilize the computer 

system resources rationally. 
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Abstract.In order to decrease the cost of polishing putty, the interrelations between talcum powder as 

the filler and KH550, KH560, or silane compound coupler were investigated by atomic force 

microscopy (AFM) and Fourier transform infrared spectrum (FTIR). It was proved that the effect of 

Modification of KH560 coupler is the best. 

Introduction 

Polishing putty with titanium dioxide as the inorganic filler has excellent properties., Although the 

putty matching with curtain wall is favorite in the market, it has quite high cost compared with other 

putty with inorganic filler. In order to decrease the cost of putty, the polishing putty was modified by 

talcum powder as inorganic filler. 

Experimental 

According to the literatures, silane coupling agents are most popular, the consumption is also the 

largest, and they are mainly used for the surface treatment of granular filler with silicon
 [1]
.  

The inorganic filler was modified via wet processing method 
[2-5]

. Silane coupling agent was firstly 

dissolved in ethanol, then reacted with inorganic filler, ethanol was removed by filtering and drying 

after full reaction, and then the treated filler was obtained. The advantages of the processing method 

are the best coupling effects, the inorganic filler can be covered by the inorganic filler, and 

consequently, the error was reduced.. 

The processing methods of coupling agent KH560 and KH550 

Ethanol is used for the dilution of KH550 KH560. 25% solution of silane coupling agent was 

prepared by mixing ethanol and silane coupling agent, the solution was sprayed on the stirring filler, 

and then the treated filler was baked with 1000w an incandescent lamp for 15min.  

Processing methods of silane coupling agent composite 

The filler was heated to 100℃ in high-speed mixer, the water content was less than 0.3% by stirring 

and drying, and then, coupling agents were cut into pieces. According to the dosage, coupling agents 

were put into the treated filler slowly in batches, and were activated for 6-8 min. In this experiment, the 

coupling agent were KH550, KH560, silane coupling agent composite. 

3 Silane coupling agent modification mechanism analysis of talcum powder 

Modified micro distribution analysis of talcum powder 

In the wet modification after drying process, and the particle size and distribution are characterized 

and assessment of the effect of surface modification, is one of important index of surface 

modification process and the formula of important macroeconomic-control means. This research is 

characterized by atomic force microscope to the modification effect. Talcum powder On the modified 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.780

WWW.BEHSAZPOLRAZAN.COM



 

 

or unmodified talcum powder and different modifier modification effect, and choose better modifier. 

Pure talcum powder to join in accordance with the above method is modified agents after treatment, 

by atomic force microscope to sample were tested. This study adopts Shanghai love built nano 

science and technology development Co., LTD Ⅲ - AJ scanning probe microscopy SPM type on the 

control box were characterized. Among them, the coupling agent for 1% of talcum powder. 

Characterization is shown in figure 1 and figure 2 results Shown. 
 

     
Fig.1 Photograph of the uncoated talcum powder  (a) Talc silane coupling agent added composite photos 
 

          
(b) KH550 talc added photos                   (c) Photos added KH560 talc 

Fig.2 Microstructure of the coated talcum powder 

From figure 1 and figure 2 can see, modifier to change the shape, but talcum powder silane coupling 

agent and KH550 compound modification effect of talcum powder, and the modification of talcum 

powder KH560 effect more apparent. By coupling agent mechanism analysis of silane coupling agent, 

which formed silicon alcohol and hydrolysis and inorganic powder particles on the surface of the 

hydroxyl, hydrogen and condensation into -- the SiO - M or inorganic powder particles (M said 

surface) 
[6]
. While all the silane molecule silicon alcohol associating mutual mesh structure formation 

in the film, covering the surface of talcum powder, organic and inorganic powder talcum powder 

surface. After the modification of talcum powder structure, distribution, it is modified resin 

dispersion of talcum powder in. Unmodified talcum powder particles due to exist between the van der 

Waals force and producing reunite phenomenon, resulting in polymer particle, the dispersion 

viscosity. 
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The infrared spectrum analysis of samples of talcum powder 

Infrared spectroscopy (IR) is the test sample composition and structure is one of the most important 

methods, it has been widely applied to identify the additive, polymer materials, packing, plasticizer 

monomer. Fourier transform infrared spectroscopy (FTIR) instrument has adequate sensitivity and 

high selectivity, it has simple operation, convenient system, which can be used to study the 

characteristics of the material surface structure and chemical reaction. According to the sample 

appearance, high-translucent characteristics and the required information, by Fourier transform 

infrared spectroscopy analysis coupling agent of inorganic packing surface structure has reported 
[7-9]

. 

Using IR360 ft-series type infrared spectrometer  Infrared spectra of the sample.。 

 
Fig.3 FTIR of the uncoated talcum powder 

 
(a)  adding KH550 infrared spectra of talc 
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(b)  adding KH560 infrared spectra of talc 

 

 
(c)  the silane coupling agent added composite infrared spectra of talc 

Fig.4 FTIR of the coated talcum powder 

Figure 3 and 4 are before the coupling agent talcum powder and processing of infrared spectra of 

talcum powder. Figure 3 can be seen by at 2917.919 cm, wave number 1 - nearby existing O - H, 

while in figure 4 (a) and (b) wave number into 2922.081 cm - 1, this shows that after modification 

O - H keys have energy changes that occurred in KH560 adsorption, the talcum powder surface. 

By 3 and 4 (c), silane composite with coupling agent modification of spectra and talcum powder 

unmodified chart no changes, also confirmed that figure 2 (a) no change in the structure of talcum 

powder, also showed the silane coupling agent fails to reach the compound modification effect. 

Figure 4 (a) and (b) was not characteristic peak value. The KH550 KH560, except with the 

processing of talcum powder itself characteristic peak in the infrared, 3000cm - 1, a regional 

KH560 c-h keys on the vibration absorption peaks, the telescopic KH560 that has to physical or 

chemical way adhere to the surface of talcum powder. From the above phenomenon and analysis in 

the KH550 KH560 knowable, talcum powder surface formed a physical or chemical combination. 

According to the microscopic photographs can judge KH560 atoms KH560 was formed in talcum 

powder surface chemical combination layer, happened chemical adsorption or chemical reactions. 
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For KH550, although use KH550 modified ir talcum powder has changed, but according to the 

chart 2 (b), and it is not up to the requirements of the research work, and through the analysis of the 

end of may not thoroughly, because bake the existence of impurities in infrared spectra of change. 

Conclusion 

The titanium oxide powder can be replaced by modified talcum powder. the atomic force 

microscope and Fourier transforms the infrared spectrum (FTIR) are used to study the interaction 

between the talcum powder and KH550, KH560, the silicon hydride compound coupling; Modified 

effect of the KH560 coupling is confirmed to be best. 
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Abstract. The stability of resistive wall mode is studied in cylindrical plasma confined by surface 

current, which is Diracδ -function distribution. For Dirac δ -function distribution case, it is shown 

that the perturbations oscillate and even decline wherever the initial perturbation seed is placed. The 

whole system is stable and the plasma flow has little effect on it. 

Introduction 

The stability of large-scale magnetohydrodynamic (MHD) modes is crucial to the magnetic 

confinement of toroidal plasmas[1]. In tokamaks, the maximum achievable plasma β  (the pressure 

ratio of the plasma to the magnetic field) is mainly limited by low mode number external kink 

modes[2] which can however be stabilized by a perfectly conducting wall of the plasma confinement 

device. Nevertheless the finite resistivity of the real conducting wall can convert the external kink 

mode into the slowly growing resistive wall mode (RWM) [3-7]. The RWM can then partially brings 

the instability back and sets a limit for plasma β  value. Thus study of the resistive wall mode is 

important for the advanced tokamaks. In order to control the resistive wall mode, relative rotation 

between the plasma and the conducting wall or control coil feedback can be introduced[8-10]. On the 

other hand however, the supersonic rotation of the plasma may generate a new type of flow-driven 

resistive wall instability[11-13] introduced first in a slab model. It has been shown that the resistive 

wall instability can occur if the flow is super-Alfvénic in incompressible plasmas[11,12], or 

supersonic in compressible plasmas[12,13].  

More realistically, the cylindrical geometry, instead of the slab, should be applied to discuss the 

resistive wall instabilities. In such geometry, for the initial equilibrium, a uniform axial plasma flow 

and a surface current on the plasma surface were considered with an ideal MHD model [14]. 

Nevertheless, in the instability analysis, the incompressible condition, i.e., sc → ∞ , was used. Thus, 

it is necessary to reconsider the resistive wall instability of compressible plasmas in the cylindrical 

geometry with a surface current distribution. In this paper, we consider a δ -function surface current.   

Cylindrical Geometry and Initial Conditions 

We consider a cylindrical geometry shown in Fig.1. The plasma is in the cylinder with a radius 

a  and assumed in a stationary equilibrium with a uniform flow velocity 0V  parallel to the axis. A 

current sheet is generated at the plasma surface r a=  to confine the plasma. And, the system is 

surrounded by a resistive wall with radius b  and the thin wall thickness ,a bδ << .  
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Fig. 1. The cross-section of the cylindrical model 

The distribution of the surface current 
0

J  parallel to the axis of the cylinder can either be a 

Dirac δ -function form or with a small not finite thickness. Thus, for the first case,  

0
ˆ( ) ( )r zJ a r aδ= −

0
J ,                              (1) 

the magnetic field produced by this surface current is then  
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0 0
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A constant axial magnetic field 0 zB  can also be applied. Without the poloidal surface current, it 

is assumed that 0 0 .zB B const= = . Then the pressure has to be balanced by azimuthal magnetic field 

(2), and derived from ( )r zP J Bθ∇ = −  to get  
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Physical Models 

The linear magnetohydrodynamics (MHD) equations of compressible plasmas are as follows,  

1
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2

1 1sP c ρ=                                                 (7) 

with the subscripts “0” for the initial equilibrium quantities and “1” for the perturbed quantities, and 

sc  the sound speed 1/ 2

0 0( / )P ρ . The Fourier form of the perturbations is denoted as 

1 1( , , , ) ( , ) exp( ( ))f r z t f r t i kz mθ θ= +� . 

In the vacuum regions, the perturbed magnetic field satisfies 1 0∇× =B and 1 0∇⋅ =B  and then 

is represented by the magnetic flux ψ , i.e., 

1

V ψ= ∇B ,                                         (8) 

with  
2

2

2

1
( ) 0

m
r k

r r r r

ψ
ψ

 ∂ ∂
− + = ∂ ∂  

.                               (9) 
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In the numerical calculation, the variables are normalized by the plasma radius a , the uniform 

density 0ρ , and the axial magnetic field 0 0zB B= . Therefore, the plasma flow is scaled by the Alfvén 

velocity 0 0 0/AV B µ ρ= , the time by /A Aa Vτ = , and the magnetic flux by 0B a . 

Boundary Conditions  

The boundary conditions are needed to connect the internal plasma region and external vacuum 

regions and the wall. The first boundary condition on the plasma-vacuum interface is,
 

1 0 1 0 0 1 0 0 1 0 0 1 00 0
/ / / /p p p p V V V V

z z zr a r a
p B B B B B B B Bθ θ θ θ θµ µ µ µ

= − = +
   + + − +     

    
2 2

0 0

0 0 0

( ) ( )

2

V p

r

r a r a

B B

r r

θ θξ
µ

= + = −

    ∂ ∂
= −     ∂ ∂    

,                   (10) 

where rξ  is the radial displacement. The second boundary condition on this interface is the 

continuity of the tangential electric field, 

1 0 0( / )V V V

r z rB i B m r kBθ ξ= +                                                         (11) 

Substituting Eq. (11) into Eq. (10) we can obtain the combined boundary condition on the interface, 

1 0 1 0 0 1 0 0 1 0 0 1 00 0
/ / / /p p p p V V V V

z z zr a r a
p B B B B B B B Bθ θ θ θ θµ µ µ µ

= − = +
   + + − +       
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On the resistive wall, using the thin wall approximation, we have 

1

b b w

d d

dr dr c tδ

ψ ψ ψ

+

∂
− =

∂
 ,                                                (13) 

where 1

0( )wc σµ δ −≡  is the wall penetration speed with δ  the wall thickness and σ  the wall 

conductivity. On 0r = , we use the symmetric boundary condition, and on the outer boundary r c= , 

the zero boundary condition is applied. 

Numerical Results and Discussions  

The set of equations under the appropriate boundary conditions is then solved as the initial value 

problem numerically. In the simulation, we choose the time step 410t −∆ = , and the radial space step 
310r −∆ = . An initial “seed” perturbation 2 2

1 exp( ( ) / )zB r rζ λ= − − �  is applied to trigger the 

instability, and a small magnitude of 410ζ −= , with �r  the radial location and 1λ <<  the “size” of 

the “seed”. To investigate the resistive wall instability, an initial axial uniform plasma flow 0
ˆV z  is 

applied.  

The simulation parameters are introduced as follows. The lengths in Fig. 1 are scaled by the 

plasma radius, as 1.0a = , 1.2b = , and 2.0c =  respectively. The periodic boundary condition in the 

axial direction is applied as 0( ) ( 2 )f z f z Rπ= +� �  with f�  an arbitrary perturbation to the initial 

equilibrium and 0 4.0R = . It then leads to the “toroidal” mode number 0 4n kR k= = . The other 

parameters are 1/2

0 0 0 0/ 0.2J a Bα β µ≡ = = , then 2

0 0 0 02 / 0.04zP Bβ µ≡ = , and the sound speed 

0 / 2 0.14sc β= ≈ , as well as the boundary safety factor at the plasma-vacuum interface  

0 0 0 0/ ( ) / (1 2 / )a z aq aB R B a q aθ ε= = −  

with 0 1.25aq = , where the δ -function current corresponds to 0ε → .  

Since in the plasma region, the safety factor q → ∞ , the internal mode should be stable.  
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The typical safety factor ( )q r  outside of the surface current is plotted in Fig. 2. Obviously the 

( )q r  outside of the plasma monotonously increases from the boundary value aq . We consider the 

effect of the internal mode, i.e., the initial perturbation is placed in the plasma region, for example, 

choosing 0.5r =� , the radial magnetic field perturbations evolving with time with different initial 

plasma flow velocities. As expected the modes oscillate only, with no evidence of growth. 

 

 

Fig. 2. The safety factor ( )q r  distribution outside of the surface current  

In general, the most unstable external modes in the static equilibrium are 2m =  modes. Thus, 

we first test the / 2 /1m n =  mode, with 2m = , / 4 0.25k n= =  and the initial “seed” perturbation 

on the ( ) 2q r =  surface in the vacuum region. As seen in Fig. 3(a), the radial field perturbations are 

also oscillating in a very low magnitude of less than 1710− . To the static equilibrium, a slow growth 

tendency is shown, though not clearly. With the flow however, the mode is more stable than the no 

flow case. Therefore the flow has stabilizing effect on the mode, as predicted in other models 

previously[8-10]. 

The / 3 / 2m n =  external mode is also tested and it is found that the mode is slowly damped, 

see Fig.3(b). Again, the flow has a stabilizing effect on the mode, even for a very fast Alfvénic flow. 

Summary 

In conclusion, we have studied the stability of resistive wall modes in cylindrical plasma 

confined by surface current. It is found that due to the strong stabilizing effect of the surface current 

distribution, both the internal and external MHD modes are stable. For the δ -function current 

distribution, the equilibrium flow has an additional stabilizing effect on the modes. And instead of the 

instability discussed in the incompressible plasma case[14], the flow has little effect on the modes. 
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Fig. 3. The evolution of the external modes with the different initial flow velocities of  

(a) / 2 /1m n = ; (b) / 3 / 2m n =  
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Abstract. Function of Degree of Disagreement (FDOD), a new measure of information 

discrepancy, quantifies the discrepancy of multiple sequences. This function has some peculiar 

mathematical properties, such as symmetry, boundedness and monotonicity. In this contribution, we 

first introduce the FDOD function to solve the three-dimensional (3-D) medical image registration 

problem. Numerical experiments illustrate that the new registration method based on the FDOD 

function can obtain subvoxel registration accuracy, and it is a competitive method with the mutual 

information based method. 

Introduction 

The geometric alignment or registration of medical images is a fundamental task in numerous 

applications in three-dimensional (3-D) medical image processing [1]. Recently there has been 

active research into the use of voxel-similarity-based (VSB) measures of multimodality medical 

image registration [2-6]. The main advantage of VSB methods is that feature calculation is 

straightforward or even absent when only grey-values are used, such that the accuracy of these 

methods is not limited by segmentation errors as in surface based methods. Among these methods, 

the mutual information (MI) based method is one of the most accurate methods, which measures the 

statistical dependence between images by measuring the discrepancy between the joint probability 

distribution and the product of the marginal distributions associated to the case of complete 

independence by means of the Kullback-Leibler divergence (KLD) measure, so we also denote this 

method as the KLD based method in the present paper.  

This paper applies Function of Degree of Disagreement (FDOD), a new measure of information 

discrepancy, to three dimensional (3-D) medical image registration problem. The FDOD function 

has a close connection with the KLD measure, and in contrast to the KLD measure, it has some 

peculiar properties, such as symmetry, boundedness, monotonicity, effectiveness in singular case, 

convexity [7]. All of these facts motivate us to investigate whether this function can be successfully 

used in the field of medical image registration.  

In the next section, we give a description of the FDOD function. And then introduce the use of 

this function to solve 3-D medical image registration problem in Section 3. Numerical experiments 

are demonstrated in Section 4. Finally, in Section 5, we present some concluding remarks. 

FDOD Function 

In recent years, a bounded FDOD function has been introduced in the study of information 

discrepancy among some multiple information sources [7]. In the case of measuring the discrepancy 

of a group of distributions, it is reduced to 
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To make it relevant to image registration context, in the following we only consider two 

probability distributions 1 2( , , , )TtP p p p= � and 1 2( , , , )TtQ q q q= � . The discrepancy of 

distributions P  and Q  can be measured by the FDOD function as follows: 
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It can also be measured by the KLD measure:  
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q
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Obviously, the FDOD function is symmetric about the two distributions P  and Q , while the 

KLD measure is not. So the FDOD function can be viewed as a symmetric version of the KLD 

measure.  

Medical Image Registration Based on FDOD Function 

Considering image intensity values, a  and b , of a pair of corresponding voxels in the two 

images that are to be registered to be random variables A  and B , respectively, estimations for the 

joint distribution ( , )ABp a b can be approximated by histogramming [2]. The joint distribution 

( , )ABp a b denotes that a voxel in image A  has intensity a  while the corresponding voxel in 

image B  has intensity b . Their marginal distributions ( )Ap a  and ( )Bp b  can be respectively 

obtained as follows: 

( ) ( , )A AB

b

p a p a b=∑ , ( ) ( , )B AB

a

p b p a b=∑                        (4) 

Variables A  and B  are statistically independent if ( , ) ( ) ( )AB A Bp a b p a p b= ⋅ , while they are 

maximally dependent if they are related by a one-to-one transformation T : 

( ) ( ( )) ( , ( ))A B ABp a p T a p a T a= = .                            (5) 

If the discrepancy between the joint distribution ( , )ABp a b  and the distribution associated to the 

case of complete independence ( ) ( )A Bp a p b⋅  are maximal, we say that two images of the same 

subject are geometrically aligned.  

This discrepancy can be measured by the FDOD function and the KLD measure respectively, 

the latter case is often referred to as mutual information (MI): 

,
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In the present paper we have restricted the geometric transformation to rigid body 

transformation T
α
 (α consists of 3 translations and 3 rotations). The trilinear partial volume (PV) 

interpolation distribution was used to update the joint histogram. In all experiments, the joint 
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histogram size was 256 ×256. Similar to the KLD based algorithm, the registration method based on 

the FDOD function states that the images are geometrically aligned by the transformation *Tα for 

which ( , )FDOD A B  is maximal. 

Powell's method was then used to maximize similarity functions. This method is a reasonable 

compromise between robustness and speed. Powell's method involves a series of one-dimensional 

minimizations for each dimensional. These minimizations are carried out by Brent's 

one-dimensional optimization. Having found an optimum in one direction, the minimization is 

continued in the next direction, starting from the current position. Once all six parameters (3 

translations and 3 rotations) have been optimized, the loop is repeated until convergence is reached. 

The fractional precision convergence parameters for the Brent and Powell optimization algorithm 

were set to 10
-3
 and 10

-5
 respectively [8, 9]. 

Experimental Results 

We implemented the FDOD function based method and the KLD measure based method on 

clinical data furnished by Vanderbilt University as the practice data set. For an in depth description 

of this database, please refer [10, 11]. In each registration task, CT or PET image is taken as 

floating image while MR image is always the reference one. The CT image was 2-voxel 

subsampled in x and y directions to accelerate the registration process and the initial registration 

parameter are set to zero vector [0,0,0,0,0,0]T for all the registration tasks. We compare our results 

with the stereotactic registration solutions provided by Vanderbilt University. The difference 

between the reference and each of the registration solutions computed by the FDOD function and 

the KLD measure was evaluated at eight points near the brain surface. The mean error of our results 

was computed as follows:  
8

, 2
1

1
, 1, 2, ,8

8
i requence i

i

meanerror q q i
=

= − =∑ �                    (8) 

Where ,i requenceq  represents the thi  point's coordinate provided by Vanderbilt University, and iq  

is the coordinate we computed. We define the diagonal distance in a voxel to indicate the size of a 

voxel. For CT to MR registration, the size of a voxel is the diagonal distance in a MR image's voxel, 

shown at below: 

2 2 21.25 1.25 4.0 4.373( )mm+ + ≈                        (9) 

For PET to MR, the size of a voxel is the diagonal distance in a voxel belonging to PET image, 

depicted as follows: 

2 2 22.590723 2.590723 8.0 8.799( )mm+ + ≈                 (10) 

If the mean error of a registration method is smaller than the size of a voxel, then we can say this 

method succeed and reached the subvoxel accuracy. 

Although the sub-sampling of the floating images and not adopting the multi-resolution 

technique lead to lower success rate and lower registration accuracy in the task, we aim to 

investigate the feasibility of the FDOD function and the performance compared with that of the 

KLD measure under the same conditions.  

 

Table 1. Comparison of the mean error (in mm )/the number of registration function 

evaluations computed by the FDOD function and the KLD measure respectively 

 

Method    CT-T1      CT-T2      CT-PD      PET-T1     PET-T2     PET-PD 

 2.6483/514 

1.2886/591  

FDOD 

KLD 

3.8646/732 

3.8446/644  

2.5566/497 

2.4058/500  

5.3667/914 

5.5356/833  

8.6069/429 

9.3733/409  

7.7652/664 

7.8821/655  
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Table 1 shows our computational results. From Table 1, we can see that the registration errors 

based on the FDOD function are all less than the size of a voxel while the KLD measure failed once 

(PET-T2), this verifies that the FDOD function possesses higher success rate than the KLD 

measure.  

Conclusions 

The FDOD function is a new measure of information discrepancy, and in contrast to the KLD 

measure it has more appealing mathematical characteristics. Motivated by these facts, we 

investigate the performance of this function used in medical image registration. Our experiments on 

multi-modality brain images show that the new method based on the FDOD function is a 

competitive registration method and possesses a little superiority to the KLD measure. However, 

many good characteristics of this function have not emerged when used in medical image 

registration problem. Our future work is to further explore these good characteristics to improve the 

performance of the FDOD function used in medical image registration. 
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Abstract. In this paper, a novel hole-filling algorithm for triangular meshes is proposed. Firstly, the 

hole is triangulated into a set of new triangles using modified principle of minimum angle. Then the 

initial patching mesh is refined according to the density of vertices on boundary edges. Finally, the 

patching mesh is optimized via the bilateral filter to recover missed features. Experimental results 

demonstrate that the proposed algorithm fills complex holes robustly, and preserves geometric 

features to a certain extent as well. 

1 Introduction 

As 3D optical scanners become widespread, triangle meshes can be easier created and widely 

applied in the fields of CAD and reverse engineering. Even with high-fidelity scanners, the data 

obtained is often incomplete. The existence of holes makes it difficult for mesh operations. In the 

process of One-Step inverse forming finite element analysis, the existence of holes may affect the 

robustness of the analysis and generate uncertain results. An illustration is shown in Fig. 1. Fig. 1(a) 

shows the initial mesh of beetle, Fig. 1(b) the result of unfolding the beetle directly via 

KMAS/One-Step and Fig. 1(c) the result of unfolding after inner holes filled.  

 

           
Fig. 1 (a) Initial mesh. (b) Unfold directly via KMAS/One-Step. (c) Unfold after inner holes filled 

 

Surface feature
 
refers to crest lines which are formed by points where the largest in absolute 

value principal curvature takes a positive maximum (negative minimum) along its corresponding 

curvature line [1]. It is a powerful shape descriptor and important for the appearance and expression 

of geometric models. Feature preserved hole-filling is significant in applications, which can 

effectively restore the initial data and improve the precision of finite element analysis. A feature 

preserved hole-filling algorithm is discussed in this paper. 

Various mesh hole-filling approaches have been proposed in recent years. These approaches can 

be mainly classified into two categories [2]: volume-based and triangle-based. The volume-based 

approaches indirectly repair the model using an intermediate volumetric grid, while the 

triangle-based approaches identify and fill the holes directly on the model. 

Volume-based approaches: The input model is first converted into an intermediate volumetric grid, 

where each grid point is associated with a positive or negative sign indicating it is inside or outside 

the model. Next, a polygonal surface is reconstructed that separates the grid points of different signs. 

Davis et al. [3] apply a volumetric diffusion process to extend a signed distance function through 

this volumetric representation until its zero set bridges whatever holes may be present. Nooruddin et 
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al. [4] develop a similar approach for the simplification and the repairing of polygonal meshes. Ju [5] 

traces and patches hole boundaries on a dual surface of the primal grid, which yields an 

inside/outside partitioning on the primal mesh. Volume-based methods excel in their robustness in 

resolving complex holes, however, they are time consuming and the generated mesh may be 

incorrect in some cases. 

Mesh-based approaches: The holes are explicitly searched and filled directly on triangle mesh. 

Liepa [6] first fills the hole with a minimum area triangulation of its 3D contour [7], then the 

triangulation is refined so that the triangle density agrees with the density of the surrounding mesh 

triangles [8], at last a fairing technique based on an umbrella operator [9] is used to smooth the 

filled hole. Brunton et al. [10] first unfold hole boundary onto a plane and triangulate it, then embed 

the triangular mesh as a minimum energy surface in R
3
. Zhao et al. [11] optimize the vertex position 

by solving Poisson equation after getting the initial patch mesh by advancing front method. Chen et 

al. [12] first get an initial repaired model by interpolation-based process then a sharpness-dependent 

filtering algorithm is applied to the initial triangulation. A piecewise hole-filling algorithm is 

proposed by Jun [13], it splits the complex hole into several simple holes and then fills them with 

planar triangulation method. Li et al. [14] adopt the same strategy based the concept of edge 

expansion. Li et al. [15] have applied the polynomial blending in hole-filling, which can preserve 

the detailed features of the original mesh to a certain extent. 

In this paper, a new approach of hole-filling is proposed which can preserve geometric features to 

a certain extent. We first triangulate the hole using modified principle of minimum angle, then the 

triangulation is refined according to the density of vertices on boundary edges, finally the refined 

mesh is optimized via the bilateral filter [16, 17]
 
to recover the missed features.  

The rest of the paper is organized as follows. In section 2, the detail of algorithm is presented. 

Experimentations and results are discussed in section 3. The paper is concluded in section 4. 

2 Hole-filling algorithm 

A triangular mesh is defined as a set of vertices and a set of oriented triangles that join these 

vertices. If two triangles share a common edge, they are adjacent triangles. An edge usually links two 

triangles. A boundary edge is an edge that only connects one triangle and a boundary vertex is a 

vertex on boundary edge. A hole is a closed loop of boundary edges.  

All mesh models in this paper are assumed to be oriented, manifold and connected, and a given 

hole is assumed to have no islands. In the hole-filling process, we refer to the original mesh as the 

surrounding mesh and the mesh that fills the holes as the patching mesh. The main steps of the 

method are hole triangulation, mesh refinement and mesh optimization. 

 

Triangulation 

After hole identification, the first step in filling it is to triangulate it with modified principle of 

minimum angle. Denote LV as the collection of ordered vertices on the hole boundary, NT the 

collection of new triangles to be added to the hole and sum(LV) the number of vertices in LV. Given 

an angle threshold σ, main steps of triangulation are as follows: 

 Step 1: If sum(LV) > 3, go to Step 2, otherwise go to Step 3. 

  Step 2: Search for the vertex v with minimum angle in LV, denote α as the angle constituting of 

two normals of its adjacent vertices in LV. If α > σ , search for the vertex with minimum angle 

except v and calculate the angle α until α ≤ σ. Denote the vertex as v and its two adjacent vertices in 

LV as v1,v2. Then add the oriented triangle (v1, v, v2) to NT and delete vertex v from LV. 

 Step 3: Add the oriented triangle to NT. 

The threshold σ is associated with the maximum angle of  two normals constituting of two arbitrary 

vertices on the hole boundary.  
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Refinement 

In order to fill a hole with a mesh that approximates the density of the surrounding mesh, we refine 

the patching mesh by the algorithm given by Pfeifle and Seidel [8]. Given a density control factor α 

and the patching mesh, main steps of refinement are as follows: 

 Step 1: For each vertex vi on the hole boundary, compute the scale attribute σ(vi) as the average 

length of the edges that are adjacent to vi in the surrounding mesh. Initialize the patching mesh as the 

given hole triangulation. 

 Step 2: For each triangle (vi, vj, vk) in the patching mesh, compute the centroid vc and the 

corresponding scale attribute σ(vc) = (σ(vi) + σ(vj) + σ(vk)) / 3. For m=i, j, k, if α||vc – vm|| > σ(vc),         

α||vc – vm|| > σ(vm) and the maximum inner angle of triangle (vi, vj, vk) is less than 5π/6, then replace the 

triangle (vi, vj, vk) with three triangles: (vc, vj, vk), (vi, vc, vk) and (vi, vj, vc) in the patching mesh, and 

then relax the edges (vi, vj), (vi, vk) and (vj, vk). 

 Step 3: If no new triangles were created in Step 2, the patching mesh is complete. 

 Step 4: Relax all interior edges of the patching mesh. 

 Step 5: If no edges were swapped in Step 4, go to Step 2, otherwise go to Step 4. 

Generally, density control factor α=2
1/2

 is a good choice. To relax an edge means, for the two triangles 

adjacent to the edge, check whether each of the two non-mutual vertices of these triangles lies outside 

of the circum-sphere of the opposing triangle (see Fig. 2). If this test fails, the edge is swapped.  

 

 
Fig. 2 Edge relaxation 

 

Optimization 

As noted in the introduction, the mesh optimization process for the refined patching mesh can be 

regarded as bilateral filter
 
[16, 17]. The bilateral filter shifting mesh vertices along their normal 

direction can preserve sharp features. The pseudo-code for applying a bilateral filter to a single 

vertex v is given in the following: 

 {qi}=neighborhood(v), K=|{qi}|, sum=0, normalize=0. 
 for i:=1,…, K 

  t=||v-qi||, h=<n, v-qi>, wc=exp(-t
2
/(2σc

2
)), ws=exp(-h

2
/(2σs

2
)) 

  sum += (wc·ws)·h 

  normalize += wc·ws 

 end 

 return Vertex v
’’’’

= v+n·(sum/normalize). 

Where {qi} is the neighborhood of v, n the normal of v and K the number of {qi}. 

3 Implementations and results 

This section illustrates how our algorithm is implemented on computer and demonstrates the 

experiment results. The algorithm is implemented in VC++6.0 and OpenGL. In the program, let σc 

and σs be 0.1 and 0.5 of the current vertex density respectively, {qi} 1-ring neighbors of v and σ = 45° 

when the maximum angle is less than 55°, else σ be 85% of the maximum angle. The number of 

iterations of bilateral filter is three.  

The first example concerns the mesh model of component in vehicle notes as model a (Fig. 3(a)). 

To illustrate the power of feature preservation, a hole has been created in a blending area (Fig. 3(b)). 

The comparison between the method of Liepa [6] (Fig. 3(c)) and our method illustrates our 

algorithm (Fig. 3(d)) can preserves geometric features to a certain extent. 
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Fig. 3 Patch results of model a. (a) The initial mesh model.  (b) A hole is created in a blending area. 

(c) The result of Liepa [6]. (d) The result of our method 

 

Another two examples are given below. Fig. 4 shows the patch results of model b and c. Quality 

statistics of patching meshes of the models are given in Fig. 5. The horizontal axis denotes the quality 

of triangles, while the vertical axis denotes the number of triangles. We adopt the method of Field 

[18] to assess the quality of triangle by the ratio of twice the radius of inscribed circle to the radius of 

circum circle of a triangle. Generally, the triangle is of good quality if the ratio is not less than 0.7, 

and the closer to 1, the better of the triangle. Fig. 5 illustrates the patching meshes are of good 

quality, which can well approximate the density of surrounding mesh and preserve geometric features 

as well. 

 

         
Fig. 4 Patch results of model b and c 

 

 
Fig. 5 Quality Statistics of patching meshes 

4  Conclusions 

In this paper, a novel hole-filling algorithm is proposed. The method first triangulates the hole into 

a set of new triangles, then refines the patching mesh according to the density of vertices and finally   
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optimizes the patching mesh via the bilateral filter. The proposed method is simple, stable and robust. 

Modified principal of minimum angle and bilateral filter is crucial for feature preservation. 

Experiments illustrate the method can preserve features to a certain extent.  
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Abstract. This paper focuses on the centroid extraction algorithm of feature point. We present a 

recognition algorithm to identify the feature point and extract centroid. This algorithm can extract 

the centroid of the feature point from the complex background by scanning the original image only 

one time. We design a hardware architecture and implement it based on FPGA. Experimental 

results show that it can extract the centroid coordinates exactly from the complex background in 

real time with low-cost hardware resources. 

I. Introduction 

The applications of machine vision systems contain identify objects and report their position, read 

characters or measure statistics and so on [1]. Feature extraction algorithms are essential to the 

implement of a machine vision system. A method for finding the pose of an object from a image is by 

extracting feature points centroid of the object in motion.[4] Centroid extraction processes are 

typically divided onto four steps, Capturing the original gray level feature points image by the image 

sensor, pre-processing the original image by a specified filter, converting the pre-processed image to 

a binary image and separating the foreground from background, labeling the connected components 

and extracting the centroid coordinates of the feature points. 

Many feature extraction algorithms have been proposed to identify objects with a specific tag. 

Benny.T et al [1] present an image component labeler and feature extraction module based on FPGA. 

It can extract complex connected components in real-time. Dong Kyun Kim et al [2] design a 

hardware architecture that combines the labeling and boundary tracing procedures. It can extract 

many kinds of shapes by scanning the gray image twice. This algorithm is suitable for the objects we 

haven’t specified. Boon Hean Pui et al [12] design a hardware system to compute in real-time the 

centroid of a scanning light beam. Jie Jiang et al [5] present a rapid star tracking algorithm which can 

identify and extract the centroid by matching the star map. For the feature point extraction which the 

shape is specified and the background is complex, those algorithms above are not suitable. A new 

algorithm need to present that can extract feature point from the complex background and separating 

from all connected components accurately. 

To solve this problem we present in this paper a hardware image processing architecture for feature 

point centroid extraction which with the function of anti-jamming by a recognition algorithm in 

real-time. This hardware architecture can pre-process the original image and filter most of complex 

background interference, then label the connected components and recognize which connected 

components are belong to the feature points and extracting centroid. 

This paper is organized as follows: in Section II we introduce an image pre-processing method. In 

Section III we provide a detail description of the feature point centroid extraction algorithm. The 

hardware architecture design is given in Section IV. In Section V we show experimental results and 

present the conclusion in Section VI. 

II. Method for Image Pre-Processing 

The Widely used image pre-processing approaches fall into two broad categories: spatial domain 

methods and frequency domain methods. The term spatial domain refers to the image plane it self, 

and approaches in this category are based on direct manipulation of pixels in an image. 
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Morphological filter is a kind of spatial domain methods which has been widely applied in the field 

of object identifying. Mathematical morphology includes erosion, dilation, opening operation and 

closing operation. In order to enhance the feature points in the original image, we first adopt the 

opening operation to the original image, then subtract the image which has been performing opening 

operation from the original image The model is defined as follows[8]: 

( )Filter=f - f se�                                                              (1) 

Where 

f    is the original image. 

se    is the structuring element in morphology. 

Filter   is the filtered image. 

We set se  as a flat, linear structuring element and the angle is90�  .The opening operation 

consists of two operations, eroding operation and dilating operation, Eroding operation is used to 

find the minimum value replace the current value and dilating operation is to find the maximum 

value replace the current value in the specified structuring element. The small targets are filtered 

and the background is retained after opening operation. Subtracting the open image form the 

original image can obtain the feature points without complex background interference. In fact these 

operates above are called Opening Top-hat (OTH ). 

 
Figure.1 Result of applying the morphological filter given in Eq(1) . 

As an illustration of morphological filter, Fig.1 shows the effect of image pre-processing by 

opening top-hat filter. The implement of morphology filter is suitable for pipeline structure based 

on FPGA. So we choose the morphological filter for image pre-processing in this paper. 

III. Algorithms for recognizing and extracting 

The pre-processed image can be converted to a binary image by a simply logic operation, 

( ) ( ) ( )
( )

f x, y Thf x, y
F x, y

f x, y Th0

>
= 

≤
                                          (2) 

Where 

( ) f x,y   is the pre-processed gray image. 

Th    is the threshold of global background image. 

F(x,y)   is the binary image. 

The next process is to label the connect component in binary image and calculate centroid 

coordinates. 

Two broad categories of centroid extraction algorithms are described in [9, 10], one is based on 

target gray level. the other is based on the target contour. Studies have shown that the algorithm 

based on target gray level is more suitable for extracting small target centroid with symmetrical 

shape [11]. 
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We define the connect component of the small target is expressed in terms of x  and y  

coordinates, the centroid extraction algorithm is expressed as Eq 3, 

( )

( )

m n

x 1 y 1

m n

x 1 y 1

F x, y x

Xc

F x, y

= =

= =

=
∑∑

∑∑

i

 

( )

( )

m n

x 1 y 1

m n

x 1 y 1

F x, y y

Yc

F x, y

= =

= =

=
∑∑

∑∑

i

                                    (3) 

Where 

x, y    are the pixels coordinates in a connected component. 

cX , cY   are the centroid coordinates of the connected component. 

The shape of the feature point is simply a dots so it is easy to label the connect component by 

scanning the binary image left to right, top to bottom. The labeling algorithm is given as follows, 

1. Scan the current line until find the first pixel in the foreground, record its coordinate ( )s sX ,Y  

as the first coordinate data in a new region, continue to scan until the next pixel is belong to the 

background, record the current coordinate ( )e eX ,Y  .Calculate and save statistical data of connected 

component for each line, total line connected component pixels number P∑  ,the sum of gray level 

value G∑  ,the sum of the coordinates multiplied by the gray value ( )
e

i i

i s

X G
=
∑ i  

and ( )
e

i i

i s

Y G
=
∑ i ,because the pixels in one line have the sameY  coordinate, so ( )

e

i i

i s

Y G
=
∑ i  can be 

written as
e

No. i

i s

Y G
=

 
 
 
∑i ,where No.Y is the current line number. Save the statistical data above and 

continue to scan the next line. 

2. If the current line number No.Y and previous line number preNoY are continuous, this current line 

may combine to the previous record lines. We define a parameter submax , set first foreground pixel 

coordinate in previous line is preSX , first foreground pixel coordinate in current line is CNoX , then 

If CNo preNo subX X max− ≤ , CNo preNoX X−  consider the current line and the previous are all 

belong to the same connected component region. 

Else generate a connected component with the last line number preNoY , CNoX  is belong to a new 

connected component. 

Several connected components may found when the scanning operation is over. The further 

recognition methods are provided to check which connect component need to calculate. 

We propose two methods to recognize the connect component in binary image. One method is 

based on the area of the connected component. The other is based on the shape of the connected 

component  

Set the maximum value of area is MaxAreaPixel , the minimum value of area is MinAreaPixel , 

regionPixel is the area value we calculated, the method is described as follows: 

If MinArea region MaxAreaPixel Pixel Pixel≤ ≤ , consider this connected component meet standards, save 

and continue for the further recognition. 

Else, consider this connected component is too large or small to meet standards, discard it. 

We define two parameters aspect ratio and compact ratio to determine whether the connected 

component shape meet the standard. The definitions of two parameters are shown in Fig.2. 
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CompactRatio

44ab

π π
= =

MajorAxisLength
AspectRatio

MinorAxisLength
=

 
Figure.2 Definitions of the compact ratio and aspect ratio 

The ideal aspect ratio is 1 and the ideal compact ratio is
4

π
of a circle, Set the maximum aspect ratio 

is DotMaxAspect , the minimum aspect ratio is DotMinAspect , the maximum compact is DotMaxCompact , the 

minimum compact ratio is DotMinCompact . The calculated results of the aspect ratio and the compact 

ratio are regionAspect and regionCompact , the recognition methods are shown as follows, 

If DotMin region DotMaxAspect Aspect Aspect≤ ≤ , consider this region meet standards, save and for the 

further recognition. 

Else, consider this connected component does not belong to the feature point, discard it. 

If DotMin region DotMaxCompact Compact Compact≤ ≤ , consider this region meet standards, save and 

calculate the centroid. 

Else, consider this connected component does not belong to the feature point, discard it. 

IV. Hardware Architecture Design 

The detail descriptions of extracting and recognition methods are presented in section V. We 

design a hardware architecture that can obtain successive original image data, pre-process the 

original image data and extract the centroid coordinates of feather point. Fig.3 shows the block 

diagram of this hardware architecture, this system comprises three main units. These units in order 

are as follows: Image pre-processing unit, image segmentation unit and centroid extraction unit. 

 
Figure.3 Hardware architecture of centroid extraction 

A. Image Pre-processing Unit. The image pre-processing unit receives successive original gray 

image data from the image sensor. We design a 3-comparator for eroding operation. This 

comparator is capable of outputting minimum value of three consecutive data. The structure is 

shown in Fig.4. 

 
Figure.4 Structure of 3-comparator 

Where 

RST   is the reset signal 

CLK    is the pixel clock 

DATA   is the gray image data 
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If the length of the selected se  set to 1 5× , for example, it is available by using two 

3-comparators: 

1 2 3 4 5 1 2 3 2 3 4 3 4 5min(a ,a ,a ,a ,a ) min(min(a ,a ,a ),min(a ,a ,a ),min(a ,a ,a ))=  

The structure of dilating operation is similar to the eroding operation. The difference is that 

dilating operation for finding the max value in the structuring element 

The relationship between the number of comparator and the length of the se  is  

( )se

NO

Length 1
CMP

2

−
=                                                       (4) 

Where 

NOCMP  is the number of the comparators need to be generated. 

seLength  is the length of the se  we specified. 

It is convenient to automatically generate a specified length of comparators by modifying 

parameter seLength . 

B. Segmentation unit. The pre-processed image has been greatly enhanced so we chose a fixed 

value as the threshold to separate the foreground from background. 

C. Centroid Extraction Unit. To implement the centroid extraction algorithm based on FPGA, 

we present the centroid extraction unit as follows: this unit is consisted of two modules. One is the 

scanning module. the other is the merging module. 

.NOY ( ),s eX X P∑ G∑ ( )
e

i i

i s

X G
=
∑ i ( )

e

i i

i s

Y G
=
∑ i

 
Figure.5 The structure of centroid extraction unit 

The scanning module scan the connected component line by line, calculates and 

send NO.Y , ( )s eX ,X , P∑ , G∑ , ( )
e

i i

i s

X G
=
∑ i , ( )

e

i i

i s

Y G
=
∑ i to the merging module. 

For the merging module we set a data structure. This data structure is consisted of 11 elements: 

Where  

ValidFlag   is the flag that the line is available to be merged. 

NextLineNo   is the next line number, which used to determine whether this connected  

component is scanned over. 

FinalLineXs ,FinalLineXe  are the starting coordinate and the end coordinate of the connected 

component coordinates in the final line, which used to determine whether the new connected 

component line belong to the current scanned connected component. 

The definitions of UpMaxY , DownMaxY , LMaxX , RMaxX  are shown in Fig 6. These 

parameters are used to determine whether the shape of connected component meet the standard. 

DownMaxY

UpMaxY

LMaxX

RMaxXFinalLineXs FinalLineXe

s
X e

X

 
Figure.6 Parameters of the feature point 
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PixelCnt  is the area of the connected component, which used to determine whether the 

calculated area meets the standard. 

SumGray ,SumXGray , SumYGray  are the values used to calculate the centroid coordinates of 

feature point 

Where 

SumGray   is the sum of gray of the connected component. 

SumXGray   is the sum of multiplying x  and its corresponding gray value.  

SumYGray   is the sum of multiplying y  and its corresponding gray value. 

V. Experimental Results 

An experiment based on the proposed hardware architecture is conducted. Fig.7 is an 800 600×  

experimental image which contains three feature points and two interference targets. The 

parameters are set as follows: 

se 29= , submax 5≤ , region12 Pixel 200≤ ≤ , region0.5 Aspect 2≤ ≤ , regionCompact 2≤ , 

 
Figure.7 Effect of feature extraction 

The results of centroid extracted by Matlab and Modelsim is shown in Fig.8 

 
Figure.8 Results of the centroid extraction 

Modelsim results are shown in Table 1. 

Table 1. Modesim Results 

Region_No. ∑P ∑G ∑(XG) ∑(YG) X Y 

1 C4=196 C33C=49980 13E7947=20871495 18984F=1611855 417.5969 32.25 

2 C2=194 C13E=49470 17C7210=24932880 18885F=1607775 504 32.5 

3 A2=162 A15E=41310 195Ff078=26603640 15BF2B=1425195 644 34.5 

Notice that the centroid extract between Modelsim and Matlab have a difference of 1. That 

because Matlab calculates the coordinates start at 1 and Modelsim start at 0, take x coordinate as an 

example: 
m 1 m m

x i 1 x i x i
M F m m

x i x i

xf (x, y) xf (x, y) f (x, y)

X X 1

f (x, y) f (x, y)

+

= + = =

= =

−
− = = =

∑ ∑ ∑

∑ ∑
                                   (5) 

Where 

MX   is the Matlab result. 

FX   is the result based on FPGA. 

We can add 1 to correct the calculated centroid in FPGA. The hardware architecture is 
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implemented in a virtex-5 LX20TFF323 FPGA in the experiment Table 2 shows the design 

summary of the implementation architecture. 

Table 2. Device Utilization for 5VLX20FF323 

 Used Available  Utilization 

IOS 44 172 25.58% 

Global Buffers 3 32 9.38% 

Function Generators 5432 12480 43.53% 

CLB Slices 1358 3120 43.53% 

Dffs or Latches 5188 12480 41.57% 

Block RAMs 0 26 0.00% 

DSP48Es 14 24 58.33% 

VI. Conclusion 

We present a hardware architecture for feature point centroid extraction. This architecture 

comprises three main components: the image pre-processing unit, the image segmenting unit and 

the centroid extracting unit. The proposed algorithm has been designed by using Verilog and 

implemented in an FPGA. Experimental result shows that this hardware architecture can extract 

centroid with anti-jamming ability as a low-cost and high-speed application. 
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Abstract. Design of off-axis system is a hot and difficult topic in optical design area. The wide field 

of view(WFOV) off-axis system this paper involved always have the drawbacks of complicated 

large size and great weight. This paper introduces an application of free-form surface(FFS) in 

WFOV off-axis optical system design, analyzes FFS optics’ material and fabrication methods. The 

system uses one FFS lens and one doublet, image quality meets the design specification, and 

characterizes by simple structure and lightweight. 

1  Introduction 

Off-axis optical system points that all optical units have no symmetry axis, these elements have 

tilts and decenters. Off-axis optical system design is more complex than symmetry ones. Fig.1 

depicts the typical off-axis optical systems, they both have a tilted reflect surface and produce 

off-axis aberrations, so the relay optical system comprise lots of optical elements have to tilte and 

decenter to correct the aberrations, and the weight increase rapidly. The WFOV off-axis optical 

system’s most important application is visor-type Helmet-Mounted Display(HMD)
[1]

. FFS optic is 

one of the advanced technologies in the field of optical engineering. In imaging system, it has 

irreplaceable advantages, such as correcting aberration, improving image quality, reducing the 

number of units, decreasing the weight of the system and provides great design freedom. 

（a）            （b） 

Figure.1 Typical off-axis optical system 

 This paper first designs a WFOV off-axis system use one FFS lens and a normal doublet to 

correct the off-axis aberration brought by the reflect sphere surface. Then analyzes the fabrication 

of the FFS optics under the condition in existence. At last, the results of optical design are given and 

present the conclusion. 
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2  Designs of off-axis optical system 

The Specifications of optical design are as blow: 

Table 1 Design specifications 
The size of image / inch 1 

Field of view/degree 40 

Wavelength range/nm 560  546.07  530 

Exit pupil diameter / mm 10 

Weight/g <50 

MTF@30lp/mm >0.1 

Distortion <10% 

 

Fig.2 indicates that the principal ray is not reflecting on-axis at the spherical mirror, there is an 

offboresight angle and bring off-axis aberration to the system. The system meridianal plot is 

asymmetrical, so the main aberrations are binodal astigmatism, linear astigmatism and axial coma. 

In traditional optical design, the strategies to correct these aberrations are
[2]

: 

� Using a generalized reflect surface shape to reduce the bias aberration such as binodal 

astigmatism and axial coma. 

� Tilted and decentered relay lens groups to reduce linear and binodal astigmatism. 

� Using wedge to correct axial coma, linear astigmatism and lateral chromatic aberration 

Figure.2 Two focal planes in off-axis system 

 

Design an off-axis optical system using normal optical elements, shown in Fig.3
[3]

. The relay 

system contains 5 units: symmetrical even aspheric singlet 1, doublet 2&4, cylinder 3 and wedge 5. 

They all tilted and decentered from each other. 

Figure.3 Off-axis system using normal optical elements 

 

On the base of the upper system, we use a FFS lens in the system in stead of cylinder 3,doublet 4 

and wedge 5. Optimize the system in optical design software CODE V
[4]

.The final layout of system 

is shown in Fig.4. 

Meridian focal plane 

Sagittal focal plane 
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Figure.4 Layout of system 

3  FFS optics 

FFS optic is one of the advanced technologies in the field of imaging system, it provides great 

design freedom to correct off-axis aberration
[5]

. It can not be described in a math equation but a 

series of point data. Actually, any FFS can not be ray traced, so form a simple mathematic model is 

necessary, z is a function in term of x and y: 

( ) { }
1

2 2 21 1 (1 )
R

i j

ij

ij

z cr k c r C x y
−

 = + − + +   ∑  

2 2 3 2

00 01 10 02 11 20 03 12

R
i j

ij

ij

C x y C C y C x C y C xy C x C y C xy= + + + + + + +∑  

2 3 4 3 2 2 3 4

21 30 04 13 22 31 40C x y C x C y C xy C x y C x y C x+ + + + + + + + ⋅⋅⋅  (1) 

Where: 

z         is the amount of deviation from a plane tangent to the origin of the surface 

configuration. 

c          is curvature in polar coordinate direction. 

r          is radius. 

x, y        are the local coordinate of surface, and  r
2
=x

2
+y

2
. 

k          is quadratic term coefficient. 

Cij             is normazied coefficient. 

The designed FFS is 7-polynomial system, and discussed as above in section 2, the system 

meridianal surface is asymmetrical but the sagittal surface is symmetrical. So that: 

10 11 12 30 13 70 0C C C C C C= = = = = ⋅⋅⋅ = =                        (2) 

The designed FFS equation is: 

( ) { }
1

2 2 2 2 2 3 2

00 01 02 20 03 211 1 (1 )z cr k c r C C y C y C x C y C x y
−

 = + − + + + + + + +  
 

4 2 2 4 5 2 3 4 6 2 4

04 22 40 05 23 41 06 24C y C x y C x C xy C x y C x y C y C x y+ + + + + + + +  
4 2 6 7 2 5 4 3 6

42 60 07 25 43 61C x y C x C y C x y C x y C x y+ + + + + +                     (3) 

Asphere is a special type of FFS, the used asphere equation in designed system is : 

FFS lens 
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( ) { }
1

2 2 2 4 6

4 61 1 (1 )z cr k c r a r a r
−

 = + − + + +  
                        (4) 

Where: 

 z,c,r,k have same meaning as in Eq.1. 

a4-，a6   are coefficientes. 

Compare Eq.3 with Eq.4, we found that the first part of both equation are the same, just the last 

part have differences, but with the relation of r
2
=x

2
+y

2
, we can get that: 

02 20 0C C= =  

04 40 22 4

1

2
C C C a= = =  

06 60 24 42 6

1 1

3 3
C C C C a= = = =                            (5) 

So we get the original coefficients of FFS, and substitute FFS for Asphere to optimize the system.  

4  Fabrication of FFS optics 

4.1 Selection of material 

In traditional optical systems, optical glasses are common material. Glasses have a number of 

desirable features, low-impact strength and high density. Optical plastics like polymethyl 

methacrylate(PMMA) and polystyrene(PS) characterized by a high-impact strength and low density. 

Optical plastics have good performance in impact resistance and density compared with glasses. 

While the optical performance of plastics constantly upgrade, the refractive index range can meet 

the requirements. The designed WFOV off-axis optical system’s biggest usage is HMD, these two 

characters is the most important in HMD optical design
[6]

. So the designed FFS lens choose PMMA 

as the optical material. 

4.2 Fabrication 

There are various processing methods of optical plastics, like optical precision processing, 

injection molding and pressing formation
[7]

. Optical processing points that process plastics directely 

on the machine as glasses. Injection molding points means that precisely-machine a metal mold, 

then inject the liquid plastic into the mold
[8]

. Both methods are feasible and effective. With the 

technology of precise production development, the fabrication of PMMA lens is no longer a 

question. 

5  Optical performance 

The image quality evaluation for off-axis system use lateral aberration as basic meaning. The 

weight of FFS system compare to the original system is shown in table 2. 

 

Table 2 Weight of two systems 
FFS system Original system 

34.2g 107.7g 

 

Fig. 5 shows the diffraction MTFs for the tangential and sagittal ray fan plot across the field 

angles of ±20°. The lowest point at spatial resolution of 30lp/mm is 0.352. 
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Figure.5 Plots of diffraction MTFs 

The distortion of the FFS WFOV off-axis system is shown in Fig.6 below. The biggest distortion 

at edge field is 8.91%, less than 10%, meets the requirement as in Table 1. 

  
Figure.6 Plot of Distortion 

Fig.7 shows the system’s lateral color aberration curves, the biggest lateral color aberration is 

0.021mm. 

 
Figure.7 Plot of lateral color aberration 
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6  Conclusion 

The present paper mainly research on the FFS optics’ application design in WFOV off-axis 

system. The FFS system reduced 3 lenses compare to the original system which use normal surface 

figure and glass lenses. The volume and weight of system are obviously decreased, and the image 

quality meet the requirements. Exhibits FFS optics’ great superiority and vast development space 

for structure simplification and the optical system strict with weight. The WFOV off-axis optical 

system design is an important reference to visor-type HMD. 
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Abstract. Now for orthodontists there are no commercial orthodontic EMR systems suitable for their 

clinical needs in China, so we study orthodontist’s daily workflow, analyze the requirements, and 

finally develop the orthodontic EMR Cloud for Peking University School of Stomatology. We 

propose and adopt 2-Tier Cloud-ARchitecture (2TCAR), which contains rich client tier based on Rich 

Internet Application (RIA) and server-side Cloud tier based on SimpleDB, to develop the 

orthodontist’s EMR Cloud for orthodontics according to orthodontist’s workflow. In the 2TCAR the 

rich client tier is maximized to implement almost all functionalities of user interfaces and transaction 

logic in the EMR. Functionalities in server-side Cloud tier are simplified only to implement data 

storage and query. Communication between the two Cloud tiers is also simplified via REST. In the 

article we research corresponding technologies such as Cloud computing, REST, Flex in RIA and 

SimpleDB Cloud. Further, in the orthodontic EMR Cloud we use Flex to implement UI presentation 

& interaction, transaction logic, and REST requests & responses in rich client tier; then design 

SimpleDB Cloud in server-side Cloud tier, and communication between two tiers via REST. And the 

EMR Cloud is integrated with existing Resister, Ward and Drugstore information systems. The 

practice shows that the orthodontic EMR Cloud based on the 2TCAR can fit seamlessly into 

orthodontist’s daily workflow and effectively replace current paper medical records.  

Introduction 

Electronic Medical Record (EMR) has recently become critical to global medical care improvements 

[1]. Unlike paper medical records, EMR has the capability to integrate heterogeneous information 

into medical treatment information, and is able to satisfy the requirements of clinical medicine, 

medical management, research, education, and other legal medical affairs. EMR can create, store and 

apply a patient’s medical records, such as examination reports, diagnosis, treatment records, nursing 

records, and medical images through electronic files. 

There have been many EMR systems applied in many different subspecialties. However, few 

published articles have focused on the EMR systems for orthodontics. Now in the field of 

orthodontics no commercial EMR is suitable for orthodontist’s needs.  

Orthodontics is the branch of dentistry concerned with the study of growth of the craniofacial 

complex. The detection and correction of malocclusion and other dental abnormalities is one of the 

most important and critical phases of orthodontic diagnosis [2]. So we develop the EMR system for 

orthodontics to solve the above problems. The EMR is intended to replace current paper medical 

records used in orthodontics.  

To be truly useful, of course, the EMR must fit seamlessly into orthodontist’s daily workflow. The 

orthodontist’s interface is the key problem facing the EMR and this design problem is the most 

important factor influencing future success. If the orthodontist is excited and challenged by the system 

he/she sees and it produces income and expedites the care of his/her patients, then we will see instant 

as well as long-term success. Therefore, we use RIA such as Flex to develop the user interface. 
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In addition Cloud computing [3] is an emerging technology which promises to revolutionize 

software and business life-cycles. By making data available in the cloud, it can be more easily and 

ubiquitously accessed, often at much lower cost, increasing its value by enabling opportunities for 

enhanced collaboration, integration, and analysis on a shared common platform.  

Along with the advancements of the Cloud technology, new possibilities for Internet-based 

applications development are emerging. These new application models are mainly based on HTML 

on the client side, complex Web Services based on SOAP, and so on in Figure 3. And almost all 

components such as Web services, application logic, transaction logic, and data storage, are deployed 

and executed in the back-end Cloud. This traditional Cloud application architecture results in many 

problems [4]: 1) Web services API in Cloud is too complex because all services need to be defined; 2) 

Running cost is too high because all transaction logic is executed in Cloud and consumes much CPU 

computation; 3) Interaction between clients and Cloud servers is frequent and low efficient because in 

the client-side HTML Web pages do not contain the script, can not interact with users, only show 

contents; 4) The client-side requires data and contents only through request-response session because 

all datum and states host on the server-side. The content from server contains not only data but also a 

lot of redundant display formats. 5) Unlike desktop applications, Internet browsers (IE, Firefox) are 

not equipped with multifunction controls such as DataGrid, Tree, and PieChart.  

The above problems stem from no using Rich Internet Application (RIA) and inappropriate 

functionality segmentation between client-side and server-side. That is, Web services, application 

logic and transaction logic are overly concentrated in the back-end Cloud. In this article we propose 

2-Tier Cloud ARchitecture (2TCAR) [6], which by maximizing the client-side functionality via RIA, 

on the client-side RIA implements UI presentation, Web services, application logic and transaction 

logic; on the server-side functionalities are simplified and minimized into only storing and querying 

data via Amazon’s SimpleDB Cloud; the API interfaces between the RIA client-side and the 

server-side are simplified via minimized Representational State Transfer (REST). 

In this article, we adopt 2TCAR to develop the orthodontist’s EMR Cloud for orthodontics 

according to orthodontist’s workflow. 

Workflow of the EMR Cloud on Orthodontics 

Requirement Analysis and Features of the EMR Cloud. Firstly focusing on the contents of 

orthodontics and orthodontist’ clinical practices, we analyze requirements and features of the EMR 

Cloud. 

Preparation. Before an orthodontist begins to evaluate a patient he or she must have access to a 

base of knowledge that summarizes the current status of the patient, called his problem list. The EMR 

must offer a one page summary screen that is graphical and highly interactive that allows the total 

content of medical knowledge about a patient to be displayed. The design of this page is critical to the 

ability of the EMR to expedite care. The EMR Cloud should allow the orthodontist to instantly 

navigate a whole range of issues in seconds. This is similar to a heads-up display in the cockpit. This 

needs to have intelligence built into the display so that the practice pattern of the orthodontist can be 

incorporated into the presentation sequence. 

Patient–Orthodontist Encounter. The patient–orthodontist encounter can be designed in several 

modalities so that the data is collected after the dialogue or during the process. The problem with 

current other systems is that they are essentially blank forms that the orthodontist has to complete. 

Most EMR systems ask the physicians to write their own templates and that is a job they are not 

prepared to do with their limited time and resources. These templates are the key to several doors if 

they are properly done and executed. These intelligent templates would include the diagnosis and 

treatment options allowable and also the range of test modalities approved for evaluation. It is totally 

irresponsible to expect a practicing physician to write and update his own templates. This is a 

complex and time consuming job and should be the basis of a whole orthodontics to support the new 
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EMR systems. So according to experts’ suggestions on orthodontics, intelligent templates for 

orthodontists are developed and embedded in different sub-workflows in the EMR Cloud. 

Decision-Support. The orthodontists in today’s world are involved in a rapidly changing 

landscape of new knowledge and breakthroughs in medical research. To keep pace with this 

expanding universe of technology, the EMR Cloud must be made a part of this frontier. We need an 

intelligent support system that knows differential diagnosis and disease complications. It needs to 

reason for the orthodontist and be his intelligent assistant. This means that the template system that is 

created should be expanded with AI tools that apply this knowledge in problem solving tools and 

techniques. Using a highly structure relational database foundation for medical knowledge and the AI 

tools, we should be able to prepare some very useful tools that would interact with the orthodontist 

when needed. Therefore some intelligent support systems need to be integrated into the EMR. And 

the result data and images from the systems can be also embedded in the EMR. 

Workflow of the Orthodontic EMR Cloud. The medical records of orthodontics are cumbersome, 

including three main examinations: general, special orthodontics, and temporomandibular-joint, each 

of which contains lots of items. But according to the above requirement analysis and orthodontists’ 

daily workflow, it can be mainly divided into: patient’s complaint, the relationship between front and 

back molars, degree of tooth-mouth-opening, and x-ray film of tooth positions, and so on. 

Therefore, running processes of the EMR Cloud must be ensured to completely match the above 

orthodontist’s daily workflow. And after finishing the three examinations, all related data and images, 

such as x-ray films and 3D figures provided by the decision-support system, will be integrated and 

embedded into the EMR Cloud. At the same time the patient’s problem list will be generated 

automatically and intelligently so as to facilitate the orthodontist to understand the patient’s all 

problems and determine the final treatment programs. Additionally, the EMR Cloud can also use a 

large number of patients’ data for clinical research, analysis and statistics. 

The workflow and software modules of the EMR Cloud mainly includes: Patient’s Basic 

Information, Teeth Status, Initial Examination, Orthodontic Examination, Temporomandibular Joint, 

Problem List, Initial Diagnosis, Initial Disposition, Correct Programs, and Treatment as shown in 

Figure 1. To store data from different sub-workflows, we create the corresponding tables in the 

database and associations between the tables via the primary key case-id as shown in Figure 2. 

                                     

Fig. 1 Workflow of the EMR Cloud                               Fig. 2 Tables in the EMR’s database  

Web Architecture of the Orthodontic EMR Cloud Based on 2-Tier Cloud 

2-Tier Cloud Architecture. Traditional development methods of Cloud applications as shown in 

Figure 3 are very complex. The main reasons are: 1) the architecture of Cloud implement is 

inappropriate; 2) the RIA’s power can not be used fully; 3) almost all functionalities of application 

logic and transaction logic are overly concentrated on the server side. That is, inappropriate 

functionality segmentation between client-side and server-side. 
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To address the above problems, we propose a novel Cloud implement architecture: 2-Tier Cloud 

Architecture, shown in Figure 4. 

In the EMR the main idea of 2-Tier Cloud Architecture [4] is that by using RIA on the client side 

rich client tier is maximized, implements almost all functionalities such as UI presentation, 

human-machine interaction, and application logic and transaction logic except of data storage. Rich 

client tier implements a complete application; by using SimpleDB Cloud, the Cloud tier is greatly 

simplified, and implements to store, update and query data sets in the cloud; the API interfaces 

between the RIA client tier and Cloud tier on the server side are also simplified via minimized REST. 
 

 

 

 

 

Fig.3 Traditional cloud architecture                                Fig.4 2-Tier cloud architecture 

 

Rich Client Tier Based on Flex [5]. Almost all 2TCAR’s functionalities in the EMR Cloud are 

implemented by MXML and ActionScript. 

UI Presentation and Human-Machine Interaction. Using MXML, we can add components 

such as different controls and data charts into containers such as panel. Effects, transitions, data 

models, and data binding can is also introduced into UI design. Human-machine interaction is 

implemented by ActionScript and event-driven. 

Application Logic and Transaction Logic. All logic functionalities are programmed by 

ActionScript’s Classes, Interfaces and predifined Class library. 

Communication between Rich Client Tier and Server-Tier in SimpleDB. SimpleDB REST 

calls are made using HTTP GET requests. The Action query parameter provides the called method 

and the URI specifies the target of the call. Additional call parameters are specified as HTTP query 

parameters. The response is an XML document that conforms to a schema. Using Flex’s 

HTTPService component a request from rich client tier to server-tier in SimpleDB Cloud is 

constructed, but the format of the request has to comply with SimpleDB’s REST API standard. And 

the response from SimpleDB is received by HTTPService’s callback function, and is parsed to 

acquire the data and refresh user interface. 

Server-Side Tier Based on SimpleDB Cloud. Amazon’s SimpleDB [6] is a Web service for running 

queries on structured data. This service can work in close conjunction with RIA, collectively 

providing the ability to store, process and query data sets in the cloud. These services are designed to 

make Web-scale computing easier and more cost-effective for developers. SimpleDB is a database 

that is accessed via REST. SimpleDB easily uses and provides the core functionality of a database – 

real-time lookup and simple querying of structured data – without the operational complexity. 

SimpleDB requires no schema, automatically indexes our data and provides a simple API for storage 

and access.  

When accessing SimpleDB [7] to store or query data into or from tables in the EMR’s database via 

REST, we must provide the following items so that the request can be authenticated. 

Authentication. 

• AWSAccessKeyId—Our AWS account is identified by your Access Key ID, which AWS uses 

to look up our Secret Access Key. 

• Signature—Each request must contain a valid HMAC-SHA signature, or the request is 

rejected. A request signature is calculated using your Secret Access Key, which is a shared secret 

known only to you and AWS. 

• Date—Each request must contain the time stamp of the request.  
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Depending on the API we're using, we can provide an expiration date and time for the request 

instead of or in addition to the time stamp. For details of what is required and allowed for each API, 

see the authentication topic for the particular API. 

Authentication Process. The following is the series of tasks required to authenticate requests to 

AWS using an HMAC-SHA request signature. It is assumed we have already created an AWS 

account and received an Access Key ID and Secret Access Key. We firstly perform the three tasks for 

creating authentication requests: 1) Create a request; 2) Create a HMAC-SHA signature; 3) Send the 

request and signature to AWS. Then AWS performs the next three tasks: 1) Retrieve your Secret 

Access Key; 2) Create a HMAC-SHA signature; 3) Compare the two signatures. 

Authenticating REST Requests and REST Responses. We can send REST requests over either 

HTTP or HTTPS. Regardless of which protocol we use, we must include a signature in every REST 

request. If a REST request authenticated are confirmed SimpleDB will be responding a corresponding 

response.  

Design and Implement of the Orthodontic EMR Cloud Based on 2-Tier Cloud 

According to the above workflow and 2TCAR architecture of the EMR Cloud, we use Flex to 

implement almost all functionalities in the EMR Cloud exception of storing and querying data in the 

SimpleDB Cloud: 1) a special user interface (UI) for each sub-workflow detailed in Figure 1; 2) 

Application logic and transaction logic; 3) Communication between rich client tier and server-tier in 

SimpleDB. And different sub-workflow’s UI can be specified and switched through clicking the 

corresponding button in the left-side main menu. 

The data in different sub-workflow’s UI is stored into and retrieved from the corresponding table 

in SimpleDB Cloud using Flex communication components such as HTTPService via REST. The 

resulting data and images from the Decision-Support systems can be also embedded in the EMR as 

shown in Figure 5. 

 

Fig. 5 User interface of initial disposition 

 

The intelligent templates for orthodontists detailed in Figure 6 are also developed and embedded in 

different sub-workflows in the EMR Cloud. At the same time the patient’s problem list can be 

generated automatically and intelligently from the data in the sub-workflows. 

Additionally we also developed the system of query, analysis & statistics for research and 

education as shown in Figure 7. The EMR Cloud can also connect with existing Resister, Ward and 

Drugstore information system so as to share all data. 

In short working processes of the EMR Cloud completely follows orthodontist’s daily workflow to 

become orthodontist’s intelligent assistant. In the EMR Cloud Flex greatly enhances the interactive 

user experience and implements the workflow on the rich client-tier in the Cloud; SimpleDB Cloud 
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also simply implements data storage and query on the server-tier in the Cloud; the API interface 

between the rich client-tier and server-tier in the Cloud is also simplified via minimized REST. 

 

Fig. 6 User interface of orthodontic examination 

 

Fig. 7 User interface of query, analysis & statistics  

Conclusions 

In the article the EMR Cloud for orthodontics is successfully developed according to orthodontist’s 

daily workflow and 2-Tier Cloud architecture, and is put into operation in Peking University School 

of Stomatology. The practice shows that the EMR Cloud can fit seamlessly into orthodontist’s daily 

workflow and effectively replace current paper medical records used in orthodontics. 
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Abstract. In this paper we mainly give the necessary and sufficient conditonsfor a group 

biproduct to be a Hopf group coalgebra and state some properties such as group 

integrals ,grouplike elements and cosemisimplicity. 

Introduction and Preliminaries 

It is well-known that a Smash product algebra and a Smash coproduct coalgebra arising from 

the theory of groups and affine group schemes respectively.([1])are very important structures in 

the theory of Hopf algebras([2]). Roughly speaking, a biproduct affords a Smash product algebra 

structure and a Smash coproduct coalgebra structure. 

 

A Hopf group coalgebra was introduced by Turaev([3]) and the author gave its purely 

algebraic properties.([4],[5])In this paper we firstly introduce the notion of group biproducts and 

give the necessary and sufficient conditions for it to be a Hopf group coalgebra. Moreover we also 

reveal some properties such as group integrals, grouplike elements and cosemisimiplicity. 

 

Definition 1  LetH be a Hopf group coalgebra and A a leftH -module(i.e., for any 

α π∈ A is aHα -module) which is also an algebra. A is called a groupH -module  

algebra if the following are satisfied: 

（1） 1 2( )( ), , ,h ab h a h b h H a b Aα β αβ= ∈ ∈∑i i i ; 

（2） .1 ( )1, ih h h Hε= ∈ . 

Definition 2  LetH be a Hopf group coalgebra and A a leftH -comodule which is al- 

so an algebra. A is called a groupH -comodule algebra if the following are satisfied: 

（3） (0) (( 1), ) (0) (0)(( 1), ) (( 1), )
( ) ( ) , , ;ab ab a b a b a b Aαα α −− −

⊗ = ⊗ ∈∑ ∑  

（4） (0)(( 1), )
1 1 1 1.αα−

⊗ = ⊗∑  

Definition 3  LetH be a Hopf group coalgebra andC a leftH -comodule which is al- 

so an coalgebra.C is called a groupH-comodule coalgebra if the following are  

satisfied: 

（5） 2(( 1), ) 1(0) 2(0) (0)1 (0)21(( 1), ) (( 1), )
, ;c c c c c c c c Cαα α−− −

⊗ ⊗ = ⊗ ⊗ ∈∑ ∑  
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（6） (( 1), )(0)
( ) ( )1 , .c c c c Cα αε ε− = ∈∑  

Main Results 

We can obtain the following lemmas from easy and straightforward computations. 

Lemma 4  Let H  be a Hopf group coalgebra and A  a left H -module algebra.  

For any , A H A Hα αα π∈ Ω = ⊗  as a k -space. Then A HαΩ  is an associative algebra with the 

unit 1 1αΩ  under the multiplication given by  

( )( )a h b gΩ Ω 1( )ia h b=∑ i 2 ,h gαΩ , ,a b A∈ ,h  .g Hα∈  

Lemma 5  Let H  be a Hopf group coalgebra and C  a left group H -comodule algebra. Then 

{ }C H C Hα α π∈∇ = ⊗  is an group coalgebra under the comultiplication given by 

1 2(( 1), ) 1 2(0) 2( ) , , .c h c c h c h c C h Hα α β αβ−∆ ∇ = ∇ ⊗ ∇ ∈ ∈∑  

Theorem 6  Let H  be a Hopf group coalgebra and A  a left group H -comodule coalgebra 

and a .H -module algebra. Then the following are equivalent: 

（I） A HΩ is a semi-Hopf group coalgebra; 

（II）A is a left H  group comodule algebra and a iH -module coalgebra, Aε  is an algebra map 

and 

（7） (1 ) 1 1 ;A A A∆ = ⊗  

（8） 1 2(( 1, )) 1 2(0) 2( ) ( ) , , ;iab a a b a b a b A−∆ = ⊗ ∈∑ i  

（9） 1 2 1 (0) (( 1), ) 2 (0)(( 1), ) 1
( ) ( ) , , .i i ih a h h a h a h a a A h Hα α αα α −−

⊗ = ⊗ ∈ ∈∑ ∑i i i  

Proof.  First we claim that A Hε Ω  is an algebra map if and only if Aε  is an algebra map 

and ( ) ( ) ( )
iA H Ah a h aε ε ε=i  for any , .ia A h H∈ ∈  

In fact, if A Hε Ω  is an algebra map, then for any , , , ,ia b A h g H∈ ∈  we have 

1 2(( )( )) ( ( ) ) ( ) ( ) ( ) ( ),A H A H i i A A H Ha h b g a h b h g a b h gε ε ε ε ε εΩ ΩΩ Ω = Ω =∑ ∑ i  we obtain  

( ) ( ) ( )A A Aab a bε ε ε=  by letting 1ih g= =  and ( ) ( ) ( )
iA A Hh a a hε ε ε=i  by taking  

1Aa =  and 1.ig =  Conversely it is easy to prove . 

Next we claim that , (1 1 ) 1 1 1 1α β αβ α β∆ Ω = Ω ⊗ Ω  if and only if (1 ) 1 1A Aαρ = ⊗   

and (1 ) 1 1 .A A A∆ = ⊗  Indeed, if , (1 1 ) 1 1 1 1α β αβ α β∆ Ω = Ω ⊗ Ω , then  
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1 2(( 1), ) 2(0)1 1 1 1iα−Ω ⊗ Ω =∑ 1 1 1 1iαΩ ⊗ Ω ,  

we get (1 ) 1 1A Aαρ = ⊗  by applying 
iA H A Hid id

α
ε ε⊗ ⊗ ⊗  and (1 ) 1 1A A A∆ = ⊗  by  

taking iα =  and applying 
i iA H A Hid idε ε⊗ ⊗ ⊗ . Conversely it is trivial to prove . 

Finally we claim that A HΩ∆  is commutative if and only if for any , ,a b A∈  

, ,h g Hαβ∈ 1 1 1 2(( 1), ) 2 1 1 2(0) 2 2 1 2(( 1),( ( )) ( ( )) ( ( )) ((i i ia h b a h b h a h b h a aα αβ α αβ β− −Ω ⊗ Ω =∑ ∑i i i  

, ) 1 1) )ih bα α i 2(( 1), ) 1 2 2(( 1), ) 2(0) 2 1 (0) 2 2( ) ( ) .ia h b a h b hα α α α β β β− −Ω ⊗ Ωi   

Since, on one hand we have  

, 1 1 2(( 1), ) 2 1 1 2(0) 2 21
(( )( )) ( ( )) ( ( )) ( ( ))i i ia h b g a h b a h b h a h b hα β α αβ α αβ β−∆ Ω Ω = Ω ⊗ Ω∑ i i i ; 

on other hand we also have  

, ,( ) ( )a h b gα β α β∆ Ω ∆ Ω = 1 2(( 1), ) 1 1 1(( ) )ia a h bα α−∑ i 2(( 1), ) 1 2( )a hα α α−Ω  

2(( 1), ) 2(0) 2 1 2(0) 2 2( ) .ib a h b hα αβ αβ β− ⊗ Ωi  we get ( ) ( ) ( )ab a bρ ρ ρ=  and the equation （9） 

by letting , 1, 1i a h αβ = = =  and applying ,
iA H A Hid id

α
ε ε⊗ ⊗ ⊗ and we get  

2 1 1 2 21
( ) ( ) i ih b h b h b h b⊗ = ⊗∑ ∑i i i i  and the equation （8）by letting ,iα β= =  

1ih = and applying .
i iA H A Hid idε ε⊗ ⊗ ⊗  The sufficiency is straightforward. 

Theorem 7  Let H  be a Hopf group coalgebra and A a left H  group comodule  

coalgebra and a left H  group module algebra. 

（I）If A HΩ is a Hopf group coalgebra, then Aid  has an inverse in the convolution algebra. 

( , )kHom A A . 

（II）If H  is a Hopf group coalgebra with the antipode { }H HS Sα α π∈=  and Aω  is  

the inverse of Aid , then A HΩ is a Hopf group coalgebra and the antipode given by  

1 (( 1), ) (0){ : , ( ) (1 ( ))( ( 1))} .HS S A H A H S a h S a h aα α α α α α πα
ω− − ∈= Ω → Ω Ω = Ω Ω∑  

Proof. （I）Supposing S  is the antipode of A HΩ , we define  

1
1

{ : , ( ) ( ) (1 )} ,A HS S H H S h id S h
α

α α α α α πα
ε−

− ∈= → = ⊗ Ω  then we claim that S is the  

antipode of H . Indeed, for any ih H∈  we have  

1 1 21
( )S h h αα α− − =∑ ( )A Hid

α
ε ⊗∑ 1 (S

α − 11
(1 ) )h

α −Ω 2(1 )h αΩ ( ) (1 1)A Hid
α

ε ε= ⊗ Ω  
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 (1)1H αε= and 1 21
( )h S hα αα − =∑ ( Aε ⊗∑ 1

)Hid
α−

11
(1 )h

α −Ω 2((1 ) )S hα αΩ  

1
1

( ) (1 1) (1)1A H Hid
α α

ε ε ε −
−

= ⊗ Ω =  . 

We define (( 1), ) (0): , ( )((1 ) ( 1))
iA H i iA A a id a S aω ε −→ ⊗ Ω Ω� , then we claim ω is  

the inverse of Aid . Since, for any a A∈  we have  

1* ( ) ( )(( 1)(1
iA A Hid a id aω ε= ⊗ Ω Ω∑ 2(( 1), ) 2(0)( 1))i ia S a− Ω  

1 2(( 1), ) 2(0)( )(( ) ( 1))
iA H i iid a a S aε −= ⊗ Ω Ω∑ 1( )(( 1)

iA H iid aε= ⊗ Ω∑  

2(( 1) )) ( )1i i AS a aεΩ =  and 1(( 1), ) 1(0) 2( * )( ) ( )((1 ) ( 1))
iA A H i iid a id a S a aω ε −= ⊗ Ω Ω =∑  

1(0) 1(( 1), ) 2(0)( )( ( )( 1))
iA H i iid S a a aε −= ⊗ Ω Ω =∑ 1 2( )( ( 1) )(( 1) )

iA H i i iid S a aε⊗ Ω Ω =∑  

( )1A aε . 

（II）Indeed, for any , ia A h H∈ ∈  we have 1 1 11 2(0) 22(( 1), ) 1
( )( )S a a h a h αα α α− − −−
Ω Ω =∑  

1 1 1 1 1(0)1 (0)2 2 2(( 1), ) 1 1
(1 ( ))( ( ) ) ( )(1 ( ))(1 )H H

AS a h a a h a S h hα αα α α α α
ω ε− − − − −−

Ω Ω = Ω Ω =∑ ∑ ( )A aε  

( )1 1
iH hε Ω  and 1 11 2(0) 22(( 1), ) 1

( ) ( )a a h S a hα αα α− −−
Ω Ω∑ 1 11 2(( 1), ) 1

( )a a h
α α− −−

= Ω∑ (1 (HSαΩ  

1 1 12(0)(( 1), ) 2 2(0) 1 2(( 1), ) 2(( 1), ) 2(( 1), ) 21 1 1 2
)( ( 1)) ( (( ) 1) ( ) (( )H

i i ii
a h a a a h a h S a hα α α αα α α

ω − − −− − − −Ω = Ω∑ i  

2(0) 1 2))( ( ) 1) ( 1)( ( ) 1) ( ) ( )(1 1)
iA Ha a a a hω ω ε εΩ = Ω Ω = Ω . Thus we complete the proof. 

Proposition 8  Let A HΩ  as mentioned, then A HΩ  is commutative if and only if  

A  and H are commutative and the action of iH  on A  is trivial. 

Proof. We show the necessity holds. Indeed, for any , , , ,a b A h g Hα∈ ∈  we have 

1 2 1 2( )( ) ( ) ( ) ( )( )i ia h b g a h b h g b g a g h b g a hα αΩ Ω = Ω = Ω = Ω Ω∑ ∑i i , then we obtain ab ba=  by 

letting , 1ii h gα = = =  and applying 
iA Hid ε⊗ , and we get  

( )
iHh a h aε=i   

by letting 1, 1ib h= =  and applying 
iA Hid ε⊗ . 

Proposition 9   Let A HΩ  as mentioned,  

(I) If *A Aλ ∈  and *{ }H H H
α α πλ λ ∈= ∈ are right integrals, then ( )A Hα α πλ λ λ ∈= ⊗  

is a right integral of A HΩ ; 
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（II）If A HΩ is also a Hopf group coalgebra, then A HΩ  is cosemisimple if and only if there 

are left integrals Aλ and Hλ  such that
1

(1) (1) 1A H
α

λ λ
−

= =  and  

(( 1), ) (0)( )Aa aα λ−∑ ( )1A aλ= . 

Proposition 10  Let A HΩ  as mentioned, then ( )a h a hα α π∈Ω = Ω  is a grouplike element of 

A HΩ if and only if a and In fact, for any are grouplike elements ( ) 1a aα αρ = ⊗ . 

Proof.  In fact, for any ,α β π∈  we have , 1 2(( 1), ) 1( )a h a a hα β αβ α αβ α−∆ Ω = Ω∑  

2(0) 2a h a h a hαβ β α β⊗ Ω = Ω ⊗ Ω ,so we get ( )a a a∆ = ⊗  by letting , 1ii hα β= = =  and applying 

i iA H A Hid idε ε⊗ ⊗ ⊗ , and we get ( )h h hαβ αβ α β∆ = ⊗  by applying A H A Hid id
α β

ε ε⊗ ⊗ ⊗ . We 

obtain ( ) 1a aα αρ = ⊗  by letting , 1i h αβ = =  and applying, 
iA H A Hid id

α
ε ε⊗ ⊗ ⊗ .Conversely 

it is trivial to prove. 
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Abstract. According to the connotation of the Scientific Outlook on Development, this paper 

constructed the comprehensive Human All-Round Development evaluation index system, 

determined the optimal weights of indicators by combining G1 method and Standard Deviation 

method and analyzed the Human All-Round Development of 14 provinces. The contribution 

characteristics lie on two aspects. Firstly, through the evaluation of the quality of life, quality of 

human and human capital environment, economic development environment, social development 

and environment reflect the harmony between humans and nature, humans and the society, humans 

and humans. Secondly, to evaluate the human All-Round development by determining the weights of 

indicators in using G1 and Standard Deviation could reflect its own characteristics and indicator data 

expertise. 

Introduction 

The connotation of Scientific Outlook on Development is “insisting on human-oriented, 

comprehensive, coordinated and sustainable development”. To realize people's development in an 

all-round way is the aim of insisting on human-oriented scientific development. The Comprehensive 

Evaluation of Chinese Human All-Round Development based on the Scientific Outlook on 

Development is to evaluate the development of Chinese Human All-Round Development, and then to 

summarize experience and lessons in order to establish the relative policy and provide the reference 

for the central government in working out economic policies. 

There are some representative index systems of Human All-Round Development, such as: the 

conceptual Framework and Structure of European System of Social Indicators
[1]
.the Human 

Development Index HDI which is from the United Nations Development Program UNDP
[2]
. the 

Living Standards Measurement of the Word Bank
[3]
. the Well-off Society which is from the institute 

of sociology, Chinese Academy of Social Sciences
[4]
. Mazumdar, K come up with the measuring the 

Well-being of the Developing Countries in 1999
[5]
. 

The representative Evaluation Methods of Human All-Round Development, such as the 

objective evaluation study of Factor Analysis and cluster analysis methods，Factor Analysis method，

entropy weight method
[6-7]

. The subjective evaluation study use AHP method to evaluate the 

development of the well-off society
[8]
. 

This paper constructed the comprehensive Human All-Round Development evaluation index 

system, determined the optimal weights of indicators by combining G1 method and Standard 

Deviation method, and analyzed the Human All-Round Development of 14 provinces. 

The construction of evaluation index system 

It referred to 4 authoritative institutions
[1-4]

 to build the Human All-Round Development evaluation 

indicator system. And using the quality of life, the quality of population and the human capital 

environment to implement the principle of the harmony between human and using the economic 

development environment and the society development, environment to implement the principle of 
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the harmony between human and society and using the ecology environment to implement the 

principle of the harmony between human and nature. 

According to select GDP per capita, life expectancy at birth, Gini Coefficient, personal average net 

income, unemployed persons and Gross National Happiness established a comprehensive evaluation 

model of Human All-Round Development which has 6 criteria and 31 indexes.  As shown in table 1. 

Tab.1 The index system of Human All-Round Development 

Criterion Indicator weight 

Economic development 

Per capita GDP 0.0545  

urban per capita disposable income 0.0428  

rural per capita net income 0.0318  

the personal spent able average income 0.0275  

The proportion of tertiary industry 0.0182  

Social development 

Gini Coefficient 0.0438  

Social security 0.0279  

Doctors per 10,000 0.0271  

lawyers per 10,000 0.0237  

place of entertainment per million 0.0194  

Ecological 

the per-capita water 0.0366  

success rate of three waste 0.0279  

greenbelt area per capita 0.0214  

forest coverage 0.0199  

Human capital 

Registered Unemployment Rate 0.0346  

Rural employment rate 0.0433  

urban unemployment 0.0321  

population burden coefficient 0.0293  

Quality of life 

Gross National Happiness 0.0491  

Engel coefficient 0.0608  

life expectancy at birth 0.0298  

the per-capita housing 0.0311  

infant mortality rate 0.0277  

domestic consumption 0.0286  

Quality of human 

average education 0.0437  

rate of compulsory education 0.0432  

illiteracy rate 0.0351  

students in universities 0.0274  

education investment/GDP 0.0201  

Scientific and Technical Personnel 0.0195  

Popular rate of computer per 10,000 0.0221  

The Evaluation model Based on Standard Deviation and G1 

The thought of the Comprehensive Evaluation model 

The thought of using standard deviation to calculate weight 

This paper used standard deviation method to determine the weight of the Evaluation model. The 

Standard Deviation method is one objective weighting method based on the Coefficient of Variation 

of indicator data to determine the weight of indicators. This method avoids effectively subjectivity of 

determining the weights of concerned appraisal indicators. 

The thought of evaluation model based on G1 

The G1 method is a subjective weight method. Its core idea is to reflect the importance of 

indicators by subjectively compositor. The more important the indicator is, the higher the weight is. 

The standardization of the data 

The positive index is the index that the bigger the better, such as the Per Capita GDP. The negative 

index is the index that the smaller the better, such as the Engel coefficient. 
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Let Vki denote the i
th
 year and the k

th
 index, let xki denote the standardization of the i

th
 year and the 

k
th
 index,. Let n denote the numbers of the year. 

The standardization of the positive and negative
 
index

 
is listed below

 [9]
: 

1

11

m in ( )

m ax ( ) m in ( )

ki ki
i n

k i

ki k i
i ni n

V V
x

V V

≤ ≤

≤ ≤≤ ≤

−
=

−
                                 (1) 

1

11

m ax ( )

m ax ( ) m in ( )

k i k i
i n

k i

k i k i
i ni n

V V
x

V V

≤ ≤

≤ ≤≤ ≤

−
=

−

                                 (2) 

In the method, evaluation indices are normalized to be maximizing ones. 

Weighted the standardization data 

(1) Using the Standard Deviation method to determine the objective weight of indexes 

The Standard Deviation method is one objective weight method based on the Standard Deviation 

of the index data to determine the weight of the index. 

Let iµ  denote the weight of the index, iσ  denote the Standard Deviation of the index. The 

weight of the index iµ
[10]

: 

1

/
n

i i i

i

µ σ σ
=

= ∑
                                     (3) 

The comprehensive evaluation model based on factor analysis with objective weighting helps to 

avoid subjectivity in ordering indicators and setting weights. Making the evaluation more reasonable, 

avoids effectively subjectivity of determining the weights of concerned appraisal indexes. 

(2) Using the G1 method to determine the subjective weight of indicators 

Weights of indicator layers against standard layers 

Let rk  denote the rational evaluation to the importance ratio of one factor to another,Let wm 

denote the weight of the m
th
 indicator where m=1, 2, 3, …, m, as in [11]. 

1

2

(1 )
mm

m i

k i k

v r −

= =

= +∑∏                                 (4) 

The weighs of (m-1)
th
,(m-2)

th
,…, second, first indicators are obtained through the G1 weight of 

the m
th 
indicator. 

vk-1=rkvk，  k=m,m-1,...,2,1                       (5) 

Weights of indicators against destination layer 

Let βk
 
denote the weight of the k

th
 indicator against the destination layer, vk denote the weight of 

the k
th
 indicator against the j

th
 standard layer, v

(j) 
denote the weight of the j

th
 standard layer against 

destination layer. 

βk=vk×v
(j)
                                        (6) 

(3) The calculation of combination weight coefficient 

Let wi denote the comprehensive weight of the i
th
 indicator to the general goal.  

The combination weighting wi: 

1

i i
i n

j j

j

w
µ β

µ β
=

=

∑
                                 (7) 

The benefit of this combination weighting model is that it not only reflects the influence of 

indicator score to the weight, but also dynamically reflects the indicator data to the weight, and then 

make up for the defects of other models in these two aspects. 

(4) The evaluation model based on combination weighting model 

Let Dj denotes the comprehensive score of the j
th 
year. According to the linear weighting 

comprehensive evaluation model, the comprehensive score Dj: 
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Dj＝

1

m

ij i

i

d w
=

∑                                  (8) 

Empirical Study 

With the data of the China Statistical Yearbook
[12]

, we used the Standard Deviation and G1 to get 

weights of the Human All-Round Development Evaluation. the results of the evaluation were gained 

as the following table 2. 

Tab.2. the results of the evaluation 

provinces 

Economic 

development

Social 

development
Ecological 

Human 

capital 

Quality 

of life 

Quality 

of human 

Human All-Round 

Development 

score order score order score order score order score order score order score order 

beijing 0.1602 2 0.1152 2 0.0502 6 0.1394 1 0.1926 1 0.1930 1 0.8504 1 

shanxi 0.0217 6 0.0457 4 0.0158 14 0.0733 4 0.0924 7 0.1082 6 0.3571 7 

liaoning 0.0387 5 0.0598 3 0.0380 10 0.0428 13 0.1003 5 0.1258 4 0.4053 5 

heilongjiang 0.0199 7 0.0435 5 0.0532 5 0.0550 7 0.0864 8 0.1017 8 0.3597 6 

shanghai 0.1618 1 0.1179 1 0.0336 11 0.0966 2 0.1453 2 0.1524 2 0.7077 2 

jiangxi 0.0123 10 0.0326 8 0.0657 3 0.0433 12 0.0722 11 0.0878 11 0.3139 10 

shandong 0.0424 4 0.0324 9 0.0437 9 0.0649 5 0.1228 3 0.1129 5 0.4191 4 

henan 0.0138 8 0.0273 11 0.0314 12 0.0476 10 0.1011 4 0.1020 7 0.3234 8 

guangdong 0.0759 3 0.0328 7 0.0756 2 0.0737 3 0.0928 6 0.1269 3 0.4777 3 

guangxi 0.0120 11 0.0134 13 0.0798 1 0.0442 11 0.0508 13 0.0875 12 0.2876 12 

sichuang 0.0117 12 0.0246 12 0.0455 8 0.0288 14 0.0616 12 0.0774 13 0.2496 13 

yunnan 0.0083 14 0.0041 14 0.0536 4 0.0488 9 0.0296 14 0.0082 14 0.1526 14 

shanxi 0.0101 13 0.0310 10 0.0284 13 0.0596 6 0.0812 9 0.1001 9 0.3104 11 

xinjiang 0.0132 9 0.0410 6 0.0462 7 0.0547 8 0.0729 10 0.0903 10 0.3183 9 

 

Based on the results of table 2, we got the figure 1, the scores and curve of Human All-Round 

Development comprehensive evaluation All-Round Development comprehensive evaluation. 
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Fig.1 the scores and curve of 14 Provinces 

 

Conclusion 

In this paper, we through GDP per capita growth, the Gini coefficient, and other indicators that can 

provide data to calculate Gross National Happiness, to reflect the comprehensive development of the 

process of national sense of happiness. This paper has solved that Chinese Human All-Round 

Development evaluation does not reflect the scientific concept of development issues at the present 

stage because of lacking of Gross National Happiness. we use Standard Deviation and G1 method to 

determine the weights of indicators, and analyzed the Human All-Round Development of 14 

provinces. 
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Abstract. Measured vibration response signals are inevitably contaminated with noise when a data 

acquisition system is used for an experimental measurement. This situation often leads to serious 

difficulties in identifying the modal parameters with proper accuracy. This paper presents a noise 

cancellation method for measured impulsive response functions (IRFs) based on structured low rank 

approximation (SLRA) so as to improve the accuracy of the modal parameters identification. 

Numerical study of a cantilever beam model is carried out to demonstrate the performance of the 

proposed method. The results show that this method can remove noise from measured IRFs 

efficiently, and the modal parameter identifications based on the filtered IRFs are very good. 

 

Introduction 

It is extremely desirable to acquire high-quality data from vibration tests for modal parameters 

identification. However, the measured vibration response signals are inevitably contaminated with 

noise when a data acquisition system is used for an experimental measurement. This situation often 

leads to serious difficulties in identifying the modal parameters with proper accuracy. 

In the modern modal identification analysis, it does not seem to have a particular procedure 

intending to eliminating the noise. In fact, the “noise modes” are often absorbed and then other 

techniques are applied to distinguish the real modes and computational modes [1-3]. It is difficult to 

identify the real modes, especially when the signal-noise ratio is low. 

This article proposed a procedure to remove much noise from the measured impulsive response 

function (IRF) before applying a time domain technique for modal parameters identification. For 

removing noise from the measured IRF to yield a filtered IRF, a structured low rank approximation 

(SLRA) method for the Hankel matrix is carried out, which has been published, mainly in the 

journals related to signal processing and numerical linear algebra [4-8]. Cadzow’s algorithm [9] is to 

be employed in this study to remove the noise. Once the filtered IRF is obtained, we can apply the 

complex exponential method to extract the modal parameters [1,2]. 

   A finite element model of cantilever beam will be used to demonstrate the performance, and 

illustrate the procedure as well, of the proposed scheme in the application studies.  
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Structured Low Rank Approximation 

Let { }h
�
, 0, , s=� … , represent an IRF (or a segment of an IRF) sequence of an N-degree of fredom 

(N-DOF) system, and be sequentially filled to form a rectangular Hankel matrix, m n

m n

×

×
∈H � ,with 

, 2m n N≥  as 

0 1 1

1 2

1

n

n
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h h h

h h h

h h h

−

×

−

=

 
 
 
 
 
 

H

�

�

� � � �

�

                                                      (1) 

where 2s m n= + − .              

Singular Value Decomposition 

Typically, the rank of a matrix can be estimated by a classical method based on the singular value 

decomposition (SVD) of the matrix. Let the SVD of a matrix 
m m×

∈A �  be expressed as: 

T
A = U VΣΣΣΣ                                                                     (2) 

where
m m×

∈U �  and 
T n n×

∈V � are orthonormal matrices, and 
m n×

∈ �ΣΣΣΣ is a rectangular diagonal matrix 

whose diagonal elements are singular values, arranged in order of deceasing size. Because some of 

the singular values may be zero, we therefore partition ΣΣΣΣ  into a submatrix 
r

ΣΣΣΣ  of r nonzero 

singular values and several zero matrices as 

0

0 0

r 
  

ΣΣΣΣ
Σ =Σ =Σ =Σ =                                                                   (3) 

where
r

ΣΣΣΣ is a r r× diagonal matrix. This decomposition indicates the rank of A  is r. For theoretical 

data, the singular values should go to zero when the rank of the matrix is exceeded. For measured 

data, however, due to random errors and small inconsistencies in the data, the singular values will 

not become zero but will become very small. 

Cadzow’s Algorithm 

In mathematical terms, the noise cancellation problem here is a structured low rank 

approximation (SLRA) problem. A simple engineering algorithm is the iterative Cadzow’s algorithm 

[9,10], which can be summarized by the following steps: 

1. Use the singular value decomposition technique with an appropriate value of rank r estimated 

from the data to obtain a low rank approximation to the Hankel data matrix. Note that the resulting 

matrix Â  will not be a Hankel matrix. 
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2. Rebuild a Hankel matrix Ĥ from Â by replacing all elements of each anti-subdiagonal by the 

arithmetic average of the elements along the anti-subdiagonal. Note that the resulting Hankel matrix 

Ĥ  will not be rank r. 

In Cadzow’s algorithm, the low rank approximation and anti-subdiagonal averaging are alternated 

iteratively until a convergence test has been met. It has been proven that such iterative usage always 

converges [10]. 

Numerical Study 

The performance of the proposed method is investigated by a cantilever beam modelled by ANSYS 

commercial software. The length of the steel beam is 1.5m, and the section is 57×25mm
2
. The first 

two natural frequencies of this finite element model are 8.3512 and 52.319Hz, respectively. Whereas 

a proportional damping matrix α βC = Μ K++++  is taken, the damping ratio 
rξ of the rth mode is 

related to the rth modal frequency 
r

ω  (in rad/sec) and coefficients α and β  as: 

   
2 2

r
r

r

ξ
α βω
ω

+=                                                               (4) 

Targeting 
1ξ and 

2ξ  equal to 0.002 and 0.004, from the computed 
1

ω  and 
2

ω , we should set α = 

0.14662 and β  = 2.2979 510−× . Exciting the beam by an impulsive load on the free end, we 

recorded the corresponding acceleration signals with sampling rate 200 Hz. Without any loss of 

generality, only a segment about 5 seconds with 1024 sample points of the free end would be taken 

for the later analysis. Corrupted IRF is referred to as “measured” IRF in this section. It is generated 

by adding a Gaussian white noise to the exact (noise-free) IRF. The level of the additive white noise 

is quantified by a stated percentage, defined as the ratio of the standard deviation of the white noise 

to that of the exact IRF. Shown in Fig. 1 is the exact related frequency response function (FRF) and 

that with 3% white noise signal.  

 

Figure 1: The corrupted and noise-free FRFs 

Rank Determination   

In SLRA method, we should know the appropriate value of rank of the Hankel matrix. That could 

be easily done if the singular values of the matrix have been ordered sequentially from the largest to 

the smallest, by plotting the normalised singular values and choosing the appropriate rank when the 
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normalised singular values approach an asymptote [3]. In this section, the 1024-point signal is 

referred to as the measured IRF, from which the corresponding 513×512 largest (nearly square) 

Hankel matrix could be produced. The normalized singular values of the Hankel matricx is shown in 

Fig. 2. Because the fifth normalized singular value drops to a much smaller value, the noise threshold, 

i.e. the effective rank of the Hankel data matrix is set to 4. 

 

Figure 2: Normalized singular values of the Hankel matrix. 

Noise Cancellation 

Cadzow’s algorithm alternates iteratively between two steps: (unstructured) low rank 

approximation and anti-subdiagonal averaging. Working on the Hankel matrix based on rank 

reduction 4, we obtain an excellent result of the noise removal. 

The evaluation of the performance of the noise cancellation is done by comparing exact and 

filterd FRFs (see Fig. 3). The filtered FRF has 2 sharp peaks within the frequency range 0-100 Hz, 

and the visible level of noise at the measured FRF has been successfully removed. 

  

Figure 3: Performance of noise cancellation of the measured signal. 

Modal Parameters Identification  

After carrying out the noise cancellation to obtain the filtered IRFs, we apply complex 

exponential method for estimating modal parameters. The first two modal frequencies and damping 

ratios estimated from the exact, measured and filtered signals are listed in Table 1, where the values 

of finite element (FE) model are also included for comparison. The two modal frequencies and 

damping ratios obtained from the exact data basically agree with those of the FE model, recognizing 

that discrepancy always exists between the true modal parameter and its estimated from truncated 

signals.  

As exhibited in Table 1, the two order modal parameters estimated from the filtered IRFs are in 

excellent agreement with that from the exact IRFs, respectively. However, the modal frequencies 
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and damping ratios estimated from the measured IRF are worse, and the second modal parameters 

are not identified due to the noise. 

 

Table 1: The first two modal frequencies and damping ratios estimated from different signal 

 

Mode FEM Exact Measured Filtered 

 
tf  tξ  ef  eξ  mf  mξ  ff  fξ  

1 8.3512 0.002 8.3435 0.0022581 9.5903 0.0010498 8.3431 0.0022008 

2 52.319 0.004 52.548 0.0043376 —— —— 52.494 0.0045397 

 

Concluding Remarks 

Due to the noise in measured vibration response signals, accurately identifying modal parameters has 

been a challenging task. This paper presents a noise cancellation procedure for IRFs based on 

structured low rank approximation so as to improve the accuracy of the modal identification. 

A numerical model of cantilever beam, measured IRF with 3% noise was investigated. We could 

accurately identify the modal parameters (frequencies and damping ratios) of the first two order 

modes by using the proposed method. We observed significant improvement in modal parameters 

identification when the filtered, rather than measured, IRF was used.  
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Abstract. In order to investigate unsteady hydrodynamic performance of integrative propulsion 

system, integral solution based on panel method is used to calculate the system. Interaction between 

propeller and rudder is considered by recalculating influence coefficents. Influence of propeller 

wake to rudder is studied, and then propulsion performance of integrative propulsion system is 

calculated in steady flow. Calculation results is compared with steady value and indicates that it’s 

feasible to use this method for predicting the unsteady performance of integrative propulsion 

system.  

Introduction 

Integrative propulsion system is a new type of energy-saving propulsive system. The rudder-ball 

with plat head properly connecte to hub. The flap rudder used in the system can manipulate the hull 

by swing flap. For rudder is closely behind propeller, interaction between them should not be 

ignored. And the system is in the ship wake which has great influence in fluctuating pressure, noises 

and cavitation performance which are usually predict ed by unsteady calculation. 

Potential based panel method is wildly used to solve unsteady hydrodynamic performance 

problems of propeller-rudder systems[1-6]. Usually interaction between them are considered by 

induced velocity from one to the other, and convergent results are obtained by iteration in time 

domain. Xie Xuesen(2009)[7] developed integral solution method to predicet performance of 

propeller-pod system, and the interaction between propeller and pod is considered by influence 

coeffieints variation. In his work, interaction is also examined by influence coeffieints, and the 

unsteady performance of integrative propulsion is gained using improved integral solution method. 

Prediction method 

Numerical formulation  

Fluid is assumed to be incompressible and inviscid. The flow is considered to be irrotational. 

Propeller rotate with a constant angular velocity ω , calculation begins at time t, and the time step 

is t∆ ,so the rotation angle can be expressed as tθ ω∆ = ∆ . It assumed that at original time 0 0t = , 

blades are at angle 0θ = . AT time step tk ,the time can be expressed as tθ ω∆ = ∆ , and the panel 

coordinate rotate tk θ∆ . 

The perturbation velocity potential ( )tϕ ,normal dipole jump ( )tϕ∆  and 0[ ( ) ]t ⋅V n  are assumed 

to be equally distributed on every panel surface and control points are at centroid. At tk ,the linear 
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system of algebrac equations for the unkown iϕ  as shown: 

1 1

1 1 1

1 2

( ( )) ( ) ( ) ( ) ( )[ ( ) ]

( ) ( ) 1,2, ,

P R r P R

wr

N N N N N

ij ij t j t im t m ij t j t j

j m j

NN

iml ml P R

m l
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W k t k t i N N

δ ϕ ϕ

ϕ

+ +
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− ∆ ∆ − ∆ ∆ ∆ =− ∆ ∆ ⋅ +

∆ ∆ ∆ = +
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∑∑ �

V n

   (1) 

Where, PN  and RN are total panel number of propeller and rudder. rN is wake strips number 

behind training edge of all propeller blades and rudder, and wN is the number of panels on one strip. 

( )ij tC k t∆ , ( )ij tB k t∆  and ( )iml tW k t∆  are influence coefficients, and should be recalculated every 

time step. 

The force and torque can be obtained by integral on body surface. The total thrust and torque 

coefficients of propeller and rudder are expressed as follows: 

2 4t

T
K

n Dρ
= , 

2 5q

Q
K

n Dρ
= , 0VJ

nD
= , 0

2

t

q

KJ

K
η

π
=  

Changing rules of influence coefficients 

In the unsteady case, the propeller rotate while the rudder keep its position. It is necessary to 

recalculate the influence coefficientes between propeller and rudder. The influence coefficientes 

related to geometric position, so panels of propeller surface and wake should be rotated before 

calculating influence coefficients which are defined by Morino’s analytic formula. For the same 

rules of ( )ijC k t∆  and ( )ijB k t∆ , only the changing rules of ( )ijC k t∆  are listed here: 

1) If Pi N≤ and Pj N≤ ,then ( ) ( )ij t ijC k t C t∆ = ∆ , it presents influence coefficients from 

propeller panels to propeller panels. They keep the same for relative geometric position of its panels 

does not change.  

2) If Pi N≤ and 1Pj N≥ + , then 

( )          
( )          

( )       

ij t t

ij t

ij t t

C k t k T
C k t

C k t T k T

 ∆ <
∆ = 

∆ − ≥
 

It presents influence coefficients from rudder panels to propeller panels. The value changes in 

one circle, and shows periodicity when the propeller rotates more than one circle. 

3) If 1Pi N≥ + and Pj N≤ , then 

( )          
( )          

( )       

ij t t

ij t

ij t t

C k t k T
C k t

C k t T k T

 ∆ <
∆ = 

∆ − ≥
 

It presents influence coefficients from propeller panels to rudder panels and has periodicity, 

too. 

4) If 1Pi N≥ + and 1Pj N≥ + , then ( ) ( )ij t ijC k t C t∆ = ∆  
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It presents influence coefficients from rudder panels to rudder panels. 

Unsteady hydrodynamic performance of integrative propulsion system in uniform flow 

According to theory above, program is combined using FORTRAN. By altering relative parameter, 

it is easy to calcultate unsteady hydrodynamic performance of single propeller working in 

nonuniform flow and propeller and rudder system working in uniform and nonuniform flow. 

Influence of propeller wake to rudder 

Singular points exsit at the place where propeller wake panels cross rudder panels. Before 

calculation, those singular points should be discussed. 

For great demand of computation time for propeller with 5 blades, propeller with 3 blades is 

investigated. While calculating influence coeffients ijW , singular points exist at the control points 

of propeller wake infinitely close to the control points of rudder panels,as shown in Fig.1. And the 

problem leads to distribution of dipole strength on propeller panels incorrect. The Dipole intensity 

variation of a panel at different angular position is shown in Fig.2.  
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Fig.1 Propeller wake influence        Fig.2 Dipole intensity variation 

      to rudder                of panel at different angular position 

The paper adopted two methods. Firstly, the singular points are shielded. The influence 

coefficients of propeller wake return to 0 at singular points. Fig.3 shows dipole intensity distribution 

of the panel which is the same as the panel in Fig.2. Secondly, the influence coefficients of sigular 

points are spline interpolated. The dipole strength is shown in Fig.4. 
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Fig.3 Dipole intensity variation                Fig.4 Dipole intensity variation 

          of panel after shielding                       of panel after interpolating 

The results indicated that both methods make the dipole intensity curve fairing, but there are 

still problem in crest of curves for the methods are not accurate numerical treatment. 

Unsteady hydrodynamic performance of integral propulsion system in uniform flow 

In this section, unsteady hydrodynamic performance of integrative propulsion system in 
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uniform flow is calculated. The propeller and rudder model is in reference[8]. 
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Fig.5 Dipole intensity variation of    Fig.6Axial force and moment of NO.1 

panel at different angular positons      blade at different angular position 

The dipole intensity variation of panel at different angular positions is shown in Fig.5. For 

symmetry of the rudder, there are two peak in a circle. The dipole strength curve is not so smooth 

for the singular points of propeller wake to rudder discussed before. For the integrative propulsion 

system, it is important to consider the effect of rudder to propeller. And because of the existence of 

rudder, the propeller working in a nonuniform wake field. As shown in Fig.6, axial force and 

moment of a single blade has two periods which illuminated that the propeller worked in a 

symmetrical flow field and the symmetry face is the vertical profile of the rudder. As is known, 

thrust and torque of blade in high wake region is larger comparing with blade working in low wake 

region. By studying the curves in Fig.6, it can be concluded that low wake aera is right in front of 

the leading edge of rudder. 

Then average values of unsteady calculation are compared with steady values which were 

validated by experments[8]. The results indicate that it’s feasible to use this method for predicting 

unsteady performance of integrative propulsion system. 

Table 1 Comparasion results of steady and unsteady calculate 

 Steady cal. value Average value of unsteady cal. error（%） 

Kt 0.18969 0.19263 1.526 

10kq 0.24426 0.2519 3.035 

Conclusion  

A computational method has been used to predict the hydrodynamic performace of the integral 

propulsion system. All panels on propeller and rudder are participated in calculation, and 

interference between propeller and rudder are calculted by variation of influence coefficents. We 

can conclude from the results that this method can predict unsteady performace of integrative 

propulsion system well. Singlular points is important in this method, and author’s next work is 

focusing on numerical treatment of them.  
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Abstract. A model of drillstring system dynamics was derived based on the drillstring’s Dynamics 

Equation, System Dynamics Theory and the optimization of absorber’s stiffness and installation site. 

A numerical calculation approach for solving drillstring system and bit movement was presented 

according to the drilling parameters. And this paper employed the simulation calculations to analyze 

and optimize absorber’s stiffness and installation site on different conditions. The results show that 

the absorber’s stiffness has significant impact on the movement frequencies of bit in the fourth 

quadrant when the bit next to the borehole wall drills ahead, and absorber has preferable ability of 

controlling deflection under stiffness for 3950kN/m and 6200kN/m; while the installation site of 

absorber has acute influence on the bit movement in the first quadrant, the third quadrant and the 

fourth quadrant, and the optimum position of the absorber is 0.6m distant from the bit. Parameters of 

absorber’s stiffness and installation site recommended in this study could improve the effectiveness 

of penetration and are good for controlling deflection and well path. 

Introduction 

Parameters of absorber’s stiffness and installation site have significant impact on the bit trajectory 

owing to the impact on the drillstring vibration performances. Scholars studied the parameters 

impacted on bit trajectory, considering the longitudinal vibration, the transverse vibration and the 

torsional vibration separately and using the differential equation analytics
[1]

, the transfer function 

method
[2]

, the finite element method(FEM)
[3,4]

 and the elastic wave method
[5]

. Absorber’s damping 

coefficient is closely related with the deformation of upper drillstring
[6]

. Therefore it should consider 

the deformation and movement of the whole drillstring system in real well to put forward more 

serviceable conclusions  

This paper derives the dynamics model of slick assembly with absorber under the condition of the 

real well parameters, which is based on the previous studies. And an approach for simulating 

calculation is studied using the ABAQUS software. The quantitative evaluation is finished, focusing 

on the point of view that the bit’s ability of controlling deflection under the condition of transverse 

vibration, on different conditions of absorber’s stiffnesses and installation sites. This study has 

significance to predict the well path and optimizes the drilling assembly. 

Dynamics model of the drillstring in deep vertical well 

The drillstring vibration system is simplified to multiple-degree of freedom system using the 

Spring-Mass-Damping(S-M-D) method
 [7, 8]

.This model could easily consider the drilling fluid factor, 

wall boundary and the top-and-bottom conditions. 

The hypotheses as follows are introduced according to the structure characters of the whole 

drillstring system: (1) the drillstring system is inhomogeneous elastic beam, and the drillstring 

parameters such as geometry size, material properties are constant. The threads, local slots and effects 

of temperature is neglected; (2) the weight on bit (WOB) is the superposition of steady and transient 

harmonic load, and it follws the sine harmonic regular; (3) absorber is counted as 

Flexibility-Damping unit; (4) the borehole is always circular cross section, and the damping of mud 

and friction between the drillstring and wall are considered. 
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The dynamic balance equation of the whole drillstring system is established based on the 

fundamental principle of the rotor dynamics
 [9, 10]

. The axis of the borehole is in homogeneously 

discrete for several units based on the drill string geometric shape and the two-nodes-three-dimension 

elastic beam element. The unit dynamic balance equation is shown in Eq. (1). 

( ) ( ) ( ) ( )[ ] [ ] [ ] [ ]e e e e

e e eM u t C u t K u t P t+ + =�� �                                                                                        (1) 

The stiffness matrix in local coordinate system is shown in Eq. (2). 

[ ] [ ] [ ]e e e

E GK K K= +                                                                                                                                       (2) 

Rayleigh damping method can solve the problem of the friction between drillstring and wall as well 

as the viscous force of mud. It is shown in Eq. (3). 

[ ] [ ] [ ]e e eC M Kα β= +                                                                                                                                   (3) 

The influence could be approximately simulated under the conditions mentioned above by 

selecting the proper value of α  and β [11]
. 

The unit load is shown in Eq. (4) 

[ ( )] [ ] [ ]sin( ) [ ] ( )e e e eP t P P t K tµ ω δ= + +                                                                                                   (4) 

The n-degree-freedom totality dynamic balance equation, which is shown in Eq. (5), of the whole 

drillstring is derived by compositing all of the units’ dynamic balance equation. 

( ) ( ) ( ) ( )[ ] [ ] [ ] [ ]M u t C u t K u t P t+ + =�� �                                                                                                    (5) 

The dynamic characters of the whole drillstring system could be obtained depending on solving the 

Eq. (5) under the given boundary conditions. 

Finite element Model and its numerical calculation 

The drillstring system diagram is drawn using develop tools of CAD based on the real well conditions 

and parameters of drilling. In order to keep coincidence with real drilling, the simulation model is 

treated as Mass-Spring-Damping. 

The real drilling assembly of one Chuandong oil field is as follows: Φ241.3mm bit + back pressure 

valve + (Φ177.8mm absorber) + one Φ178mm NMDC+ twenty Φ177.8mm DCs + JZ-T178 bumper + 

bypass valve + twelve Φ139.7mm HWDPs+ Φ139.7mm DPs + kelly stem 

The nonlinear finite element models of slick assembly and upper drillstring are established in 

Cartesian coordinates. The drillstring 3-D model is shown in Fig.1. 

The drilling parameters are as follows: 2.2×10
5
N WOB,77r/min speed on bit(SOB) ,2.0×10

3
kg/m

3
 

mud density,60s viscosity. The parameters of borehole are shown in Tab.1.There are 30 cases shown 

in Tab.2 as a result of different parameters of absorber’s stiffness and placement. 

 
Fig.1. the drillstring of slick assembly entity 3-D model 

Tab.1. Parameters of borehole 

Hole section(m)
Hole depth(m)Diameter of bit(mm)Diameter of borehole(mm)

begin end 

0.00 2053 2053 316.5 Casing pipe 273.1 

2053 4693 2640 241.3 Bare hole 275.6 

 

Pull     Wellhead    

VR3   

5.5"DP    

5.5"HWDP  

7"DC   

Absorber   

Bit    

WOB    
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Tab.2. Parameters of absorber’s stiffness and placement 

Parameters 1 2 3 4 5 6 

Stiffness  

（kN/m） 
3200 3950 4700 5450 6200 -- 

Site from 

bit(m) 
0.6 5 10 18 27 40 

Results and discussion 

The collision time is 25ms which is obtained from the calculation of the coefficients of restitution 

between drillstring and rock. In this study, there are 4000 outputs over 100s on the condition that the 

step size is 15ms. 

There are four quadrants in the range of bit’s movement, and the direction +y (+U2) is the magnetic 

north. The results show that the bit is approximately next to the wall in drilling, which led bit to 

appear in each of the four quadrants at different probabilities, thus it affects the cutting of rock and 

extends to impact the well path. 

Parameters of absorber’s stiffness and placement have significant influence on bit movement, as 

are shown in Fig.2-Fig.6. 

The influence of absorber’s stiffness on bit trajectory. The movement of the bit under different 

parameters of absorber’s stiffness (the installation site from bit is 0.6m) is shown in Fig.2 and 

Fig.3.The frequencies of bit’s appearance in the center of the borehole and of the transverse motion 

are awfully low when the parameter of absorber’s stiffness is 3950kN/m; the frequencies of bit 

transverse motion is high when the parameter of absorber’s stiffness is 4700kN/m.The frequencies of 

bit’s appearance in the second quadrant under the two conditions are clearly different, and the later is 

lower. 

The curve of bit vibration under five different parameters of absorber’s stiffness is shown in 

Fig.5.The frequencies of bit movement as well as the fluctuation range are higher in the fourth 

quadrant than in others. The frequency difference reaches the maximum in the second and the fourth 

quadrants when the stiffness is 4700kN/m; and the frequency difference reaches the minimum when 

the parameters of absorber’s stiffness are 3950kN/m and 6200kN/m, under which the bit cuts the rock 

uniformly. Consequently, both the two parameters, 3950kN/m and the 6200kN/m, are recommended 

in the slick assembly to control the well path. 

The influence of absorber’s placement on bit trajectory. The curve of bit vibration under different 

parameters of absorber’s installation site, but the parameter of absorber’s stiffness is 3950kN/m, is 

shown in Fig.2 and Fig.4. Comparing the two figures, the absorber’s installation site has little 

relationship with the frequencies of bit movement in the second quadrant; while the frequency 

fluctuation range is greater in the first, the third and the fourth quadrant when absorber’s site is 18m or 

0.6m from the bit. 

The influences of different parameters of absorber’s placement on bit movement under the two 

parameters of absorber’s stiffness, 3950kN/m and 6200kN/m, are shown in Fig.6 and Fig.7, 

respectively. Comparing the 0.6m of absorber’s site from the bit with the other five conditions, under 

the former condition, bit cuts rock uniformly in the four quadrants under the two absorber’s stiffness. 

The frequencies of bit movement in the second and the third quadrants are low when the distance of 

absorber’s placement from the bit is over 5m, as are shown in Fig.6, which goes against to the 

deflection control; the over-distance between the bit and the absorber’s placement goes against to the 

deflection control ,as is shown in Fig.7. 

Comprehensively, the optimum parameters of absorber’s stiffness are 3950kN/m or 6200kN/m, 

and placement from the bit is 0.6m under the goal of cutting uniformly and preventing deflection. 
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Stiffness: 3950kN/m; Distance: 0.6m                     Stiffness: 4700kN/m; Distance: 0.6m 

Fig.2. Bit trajectory of transverse movement       Fig.3. Bit trajectory of transverse movement 
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Stiffness: 4700kN/m; Distance:18m                              Fig.5. the influence of absorber’s  

Fig.4. Bit trajectory of transverse movement                         stiffness on bit trajectory (0.6m) 
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Fig.6. the influence of absorber’s placement                   Fig.7. the influence of absorber’s placement  

on bit trajectory (3950kN/m)                                           on bit trajectory (6200kN/m) 

Conclusions 

This paper presented the model of drillstring system dynamics and from the view that whether bit has 

the ability of cutting rock uniformly or not, the quantitative evaluation on bit trajectory has been 

finished under different absorber’s stiffness and installation sites. The conclusions as follows: 

(1) Parameter of absorber’s stiffness has significant impact on the bit trajectory, thus the optimum 

of absorber’s stiffness contribute to controlling the well path. The slick assembly possesses stronger 

ability of controlling deflection when the absorber’s stiffness is 3950kN/m or 6200kN/m. 

(2) Parameter of absorber’s installation site has greater influence on the bit trajectory than the 

absorber’s stiffness. Improper absorber’s installation site lead dropping assembly to become building 

assembly. Comprehensively, it would be best for the slick assembly to install the absorber on the 

position of 0.6m distant from the bit. 

Nomenclature 

[ ]eM = mass matrix of element [ ]eC = damping matrix of element 
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[ ]eK = stiffness matrix of element 

( )[ ]eP t
= disturbing force vector of element 

( )eu
,
( )eu�

,
( )eu��

 = node displacement vector, 

velocity vector, acceleration vector of element, 

respectively 

[ ]e

EK
 = element elastic stiffness matrix 

[ ]e

GK
 = element geometric stiffness matrix 

[ ]eP  = permanent load of element 

[ ]sin( )eP tµ ω  =wave force of element in bit 

on condition of SOB vibration frequencies
 [12, 13]

 

[ ] ( )eK tδ = instantaneous collision load of 

element 
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Abstract. Considered electrorheological (ER) elastomers as the visco-elasticity material, a finite 

element model of a sandwich beam filled with ER elastomers was developed based on Hamilton’s 

principle and sandwich beam’s theory. Then its dynamic characteristics were analyzed. Simulation 

results show that natural frequencies of the sandwich beam increase and vibration amplitudes of the 

beam decrease as the intensity of applied electric field increases. Increased the thickness of the ER 

elastomers layer, natural frequencies of the beam decrease and loss factors increase. Those indicate 

that the dynamic characteristic of ER elastomers sandwich beams is similar as that of ER fluids 

beam, which can be used for vibration control of flexible structures by applied a electric field. 

Introduction 

Electrorheological (ER) fluids is a kind of intelligent materials whose rheological property could be 

controlled by applied a electric filed [1]. The sandwich structures with ER fluids have a adaptive 

control capability of varying their damping and stiffness when changing the intensities of the 

electric field applied on them. Many papers about these sandwich structures have been published in 

the past years[2~5]. However, in the most of study, the ER fluids used are suspension liquid 

materials composed of basic liquids and disperse particals which are inevitable the problems of 

easily subside, the bad stability and seal difficulty for long use[6]. 

Electrorheological (ER) elastomers is a new branch of the electrorheological materials which is a 

solid analog of ER fluids. The polarizable solid particles and the elastomers are mixed and solidfied 

with applied a electric field. So the chains or fibrous structures are formed by solid particles in the 

two poles for ER effect [7]. The polarizable pellets are fixed in the substrate so that ER elastomers 

have the same controllablity, rapid responsibility and revesibility as ER fluids and the well stability 

and simple designing structure are both their unique advantages[8]. Therefore, ER elastomers have 

more potential in application for the vabration control of flexible structure than that of ER fluids. 

But now, the studies on ER elstomers applied in vibration conrol of flexible beams are rare. 

In this paper, the controllable stiffness and damping characteristics of a sandwich beam filled 

with ER elastomers are studied. Consider ER elastomers as a viscoelastic damping material, a 

finite element model of the sandwich beam is developed based on Hamilton’s principle and 

sandwich beam’s theory. Then its dynamic characteristics for various applied elctric field and 

structures dimensions are numerically analyzed. 
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2 Finite element modeling of ER elastomers sandwich beam  

 

Fig. 1 The sandwich beam with an ER elastomers core and a constrained layer 

 

Consider a three-layer sandwich beam as shown in Figure 1, in which an ER elastomers layer is 

restricted by two elastic layers. When applied different voltages to the elastic layers, it will 

prouduce an electric field in the area between these layers and consquently cause the physics 

properties of the core layer to be changed. The mathematical model of this structure is based on 

some following assumptions:(1) Considered electrorheological elastomers as the visco-elasticity 

material, the damping of structure is determined by the layer of ER elastomers.(2) No slipping 

between the elastic layers and ER elsatomers layer occurs.(3)The each layer of the sandwich beam 

shares the same longitudinal deformations.(4) It exists no normal stress in the ER elastomers layer, 

while it exists no shear strain in the elastic layer either. 

 

 

 

 

 

 

 

 

                

 Fig.2  Undeformed and deformed configurations of a sandwich beam 

 

As shown in Fig.2, the strain-displacement defromation can be expressed as 

  
2

2
, 1,3

i

i

i i

uu w
z i

x x x
ε

∂∂ ∂
= = − =

∂ ∂ ∂
                                            (1) 

  where iu is the displacement of layer i , 
i
u is the axial displacement of the mid-plane of layer i , 

and
i
z is the distance of the mid-height of layer i from the reference plane. 

The longitudinal normal force is negligible. 

          31

1 1 3 3
0

uu
E A E A

x x

∂∂
+ =

∂ ∂
, 1 1

3 3

3 1 , 1
E A

e
E A

u eu = =
 

= −  
 

                                    (2)                      

    From Fig. 2, the shear deformation of the core layer can be written as 

2
uw

x z
γ

∂∂
= +

∂ ∂
                                                  (3) 

wherew is the transverse displacement and
2

u is the axial displacement of the ER elastomers layer, 

and the following relationship among the 1u , 3u and /w x∂ ∂ of the face-plate can be obtained 

            1 3 1 32

2 2
2

u u h hu w

z h h x

− +∂ ∂
= +

∂ ∂
                                            (4) 

substituting the above equation into Equation (3), it can be obtained 
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1 3 1 2 3 1 32

2 2 2 2

2

2

u u h h h u uuw w d w

x z h h x h h x
γ

− + + −∂∂ ∂ ∂
= + = + = +

∂ ∂ ∂ ∂
                      (5) 

where )(2/1 312 hhhd ++= . 

  In this study, a standard beam element with two nodes and four degrees of freedom per node, 

including the top longitudinal displacement 1u , the base longitudinal displacement 3u , the 

transverse displacementwand angular rotation ofθ . The
1 1 1 3 2 2 1 3

( ) [ ]
i i j j

q t w u u w u uθ θ= is the 

vector of node desplacement.Thus, longitudinal and transverse displacements of the beam can be 

written in terms of a nodal displacement vector and a shape function as 

( ){ } [ ] ( ){ }1 2 1 2 3 4

e

T
T

q t
dw

u u w N N N N
dx

Λ = =
 
  

                       (6) 

  With  

[ ] [ ]
[ ] [ ]
[ ] ( )
[ ]

1

2

2 3 2 3 2 3 2 3

3

4 3,

1 0 0 0 0 0 0

0 1 0 0 0 0 0

1 3 2 2 0 0 3 2 ( ) 0 0

x

N

N

N l l

N N

ζ ζ

ζ ζ

ζ ζ ζ ζ ζ ζ ζ ζ ζ

= −

= −

 = − + − + − − + 
=

                              

where / ,x l lζ = is the length of element, [ ]
1

N , [ ]
2

N , [ ]
3

N and [ ]
4

N are the finite element shape functions.  

The elemental potential energy of the sandwich beam with the ER elastomers can be rewritten in 

terms of nodal displacement variables as follows 

  

( ){ } [ ] [ ] [ ]( ) ( ){ }

2

1 1 3 3 1 1 3 3 2 2
0 0 0

.

2 2 2

1, 3, ,

1 1 1
( ) ( )

2 2 2

1

2

l l l

T

ei bi si

x x xxU E A E A dx E I E I dx G A dx

q t K K K q t

u u w γ= + + + +

= + +
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                 (7) 

With            
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K E A N dx E A N dx

K E I E I N N dx

K G A h N N hN N N hN dx
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∫ ∫

∫

∫

 

 where E1 and E3 are the elastic modulus of the top and the base, G2 is the complex modulus, A is 

the cross section area and and I is the inertia of the layer of the ER elastomers, [ ]ei
K is the stretching 

deformation energy, [ ]bi
K is flexural deformation energy and [ ]si

K is shearing deformation energy. 

The elemental kinetic energy of the sandwich beam includes the kinetic energys of the every 

layer associated with flexural deformational movement and stretching deformational movement is  

( ){ } [ ] ( ){ }. .3 . .
2 2

0
1

1 1

2 2

T
l

k k k k i

k

T A u w dx q t M q tρ
=

= + =
  

  
  

∑∫                           (8) 

Where k
ρ is the material density of the k th layer and the above spots of

.

k
u ,

.

k
w and{ }

.

( )q t are denoted 

the derivation of t , [ ]
i

M is elemental mass matrix and can be expressed as 

[ ] [ ] [ ] [ ] [ ] [ ] [ ] 1 3 1 3

1 1 1 1 3 3 2 2 2 2 1 2 3, 1 2 3,
0 0 0
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h h h h
M h b N N dx h b N N dx h b N N N N N N dxh b N N dx ρ ρ ρρ

=

− −
+ + + + + ++    =       ∫ ∫ ∫∑∫

  Considering the situation of a sandwich beam element as{ } [ ] ( ){ }
Fi

F K q t= , in which [ ]
Fi

K is the 

stiffness matrix, the work caused by the force can be written as 

( ){ } ( ){ } ( ){ } [ ] ( ){ }
1

2

T T

Fi
W q t q t q t K q t= =                               (9) 

According to the Hamilton’s principle, the equation(7), the equation(8)and the euation(9) are 

substituted into ( )2

1

0
t

t
T U W dtδ − + =∫ . Then the dynamic equation of k th the element can be obtained                  

( ) ( ){ }
..

0[ ]{ } [ ]e e
q tM q t K+ =                                      (10) 
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where e

M   is element mass matrix, and [ ] [ ] [ ] [ ]e

Fiei bi si
KK K K K= + + +    is element stiffness matrix. 

Assembling each element, the governing equations of the sandwich beam can be expressed as 

[ ] ( ){ } [ ] ( ){ }
..

0M q t K q t+ =                                       (11) 

The dynamic charactristics of the beam can be got by the eigenvalue problem 

[ ] [ ]( ){ } { }2

0M K qω− + =                                         (12) 
Then the natural frequency and damping loss factor can be obtained by solving the eigenvalue of 

the above equation. whereη is the natural frequency andω is the damping loss factor. 

( ) 2 2 2 2
1 Re Im Im /Rei ηω ω η ω ω ω ω ω== +               = +                             (13) 

Numerical example and discussion 

This research decribes ER materials by a complex shear modulus, which was adopted by most other 

literatures[1~5].As presented in equation (14), in the pre-yield regime, the shear stress τ is related to 

shear strain γ by complex shear modulus *

G  

           *

Gτ γ=                                                    (14) 

The complex shear modulus
*

G is written in the form 
*

' '' '(1 )
ER

G G G i G iη= + = +                                        (15) 

where 'G is the storage modulus, ''G is the loss modulus and ''/ '
ER

G Gη = is the loss factor. 

The geomerty sizes and material parameters of sandwich beam filled with ER elastomers are list 

in Table 1. The shear modulus of the beam with applied electric field and without applied electric 

field were measured by Hao et al [8] and are shown in Table 2.  

 

Table 1 Geometry sizes and material parameters of sandwich beam filled with ER elastomers 

Parameters of the beam mmhmmhhmmbmmL 3,5.0,30,250 231 =====  

Parameters of the elastic layer 
3 9

1 3 1 3
2800 / , 70 10kg m E E Paρ ρ= = = = ×  

Parameters of the ER elastomers layer 
3

2
1470 /kg mρ =  

 

Table 2 Shear modulus of sandwich beam filled with ER elastomers with different electric fields  

E=0 (37100 800 )G i Pa= +  

E=0.6 PaiG )4400127900( +=  

 

Figure 4 illustrates the natural frequency and loss factor variations of up to five modes. As shown 

in Figure 4(a), the natural frequencies shift to higher frequencies as the applied electric field 

increases. Figure 4(b) shows effect of electric field on the loss factors of the adaptive beam for 

E=0.6kv/mm and E=0kv/mm. The loss factors significantly decrease as the mode number increase. 

Because of the electric field effect, it makes the resonant frequecy of the system increased and the 

whole of the stiffness improved. These results demonstrate that the beam can suppress the vibration 

of the structure and the low mode has a greater inhibition effect to the high mode. 
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（a）Natural frequcies of the beam             （b）Loss factors of the beam 

Fig.4  Effect of the elctric field on the natural frequencies and loss factors of the sandwich beam filled 

with ER elastomers 

 

A comparison of the natural frequencies of beam structures with different thickness of the ER 

elastomers layer is shown in figure 5(a), where a 0.6kv/mm electric field level is applied and the 

thickness of the top h1=0.0005mm is not changed. The results show that the first two mode of 

natural frequencies are no significant change with the increase of the mutipile. The first step natural 

frequencies are about 13HZ and the second step natural frequencies are about 42HZ, but the third 

step natural frequencies are decreased as the mode nuber increase. It can be seen from the figure 5 

(b) that the relationship between the loss factors and thickness rotio of h2/h3 is almost increased 

linerly. The loss factors of low mode is larger than that of the high mode in the same thickness ratio. 

The results demonstrate that the sandwich beam filled with ER elastomers might have better 

suppresing effect at low mode. 

 
(a)                         （b） 

Fig.5  Dependence of the natural frequencies and loss factors of the first three order of the beam 

at 0.6 /E kv mm= with changing thickness of the ER elastomers layer  

Conclusion 

The sandwich beams filled with ER elastomers with different applied electric field strength and 

different structural parameters have been investigated. Their dynamic charateristics have been 

simulated and analyzed to study the influence of the natural frequencies and loss factors for various 

applied electric field strength and different structural parameters. The results show that natural 

frequencies of the ER elastomers sandwich beam increase and vibration amplitudes of the beam 

decrease as the intensity of applied electric field increases. Increased the thickness of the ER 

elastomers layer, natural frequencies of the beam decrease and loss factors increase. Those indicate 

that the dynamic characteristic of ER elastomers sandwich beams is similar as that of ER fluids 

beam, which can be used for vibration control of flexible structures by applied a electric field. 
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Abstract. In this paper, we present an efficient modeling and rendering realistic trees method based 

on recursive fractals. Firstly, according to the growth characteristics of poplar trees, we divide the 

trees model into three parts, trunks, branches and leaves. We provide a multi-branches tree 

topological structure to organize all the trunks and the branches, and add leaves to leaf nodes of our 

multi-branches tree structure. Then we define the recursive fractals iterator to generate trunks model 

and side branches model, and use billboard to simulate the tree leaves. After that, we render the trees. 

Finally, we implement our method, and model and render different shape trees. The experiments 

prove that our method is feasible and high performance. 

Introduction 

Because of the complexity and diversity of the natural plants, modeling and rendering plants, 

especially modeling and rendering trees, has been one of the most difficult tasks in computer graphics. 

And modeling and rendering plants is one of the hot topics of the simulation of realistic natural 

sceneries. 

In this paper, we present an efficient modeling and rendering realistic trees method based on 

recursive fractals. Firstly, according to the growth characteristics of poplar trees, we divide the trees 

model into three parts, trunks, branches and leaves. We provide a multi-branches tree topological 

structure to organize all the trunks and the branches, and add leaves to leaf nodes of our 

multi-branches tree structure. Then we define the recursive fractals iterator to generate trunks model 

and side branches model, and use billboard to simulate the tree leaves. After that, we render the trees. 

Finally, we implement our method, and model and render different shape trees. The experiments 

prove that our method is feasible and high performance. Our method could be used in photorealistic 

games, computer animations, computer generated films, virtual garden design, etc. 

In this paper, after exploring the related work of modeling and rendering trees, we present our 

modeling and rendering realistic trees method based on recursive fractals. Then we provide the results 

using our method. Finally, we draw the conclusion. 

Related work 

Modeling and rendering trees has interested computer graphics researcher over the last decades. Many 

approaches have been proposed to it [1]. They can be roughly classified into several types, image 

based method, volume based method, and rule based method. 

Image based method, especially Image-Based Rendering (IBR), has become a major technique for 

rendering real-world scenes. Meyer [2] proposed a method to improve the view quality of billboards 

by pre-computing a large set of views. Nevertheless, the drawback of billboards will be visible in 

animations when walking around a tree and walking through or over-viewing at a forest. In 2007, Tan 

et al [3] used this approach to construct more complexity trees. Despite the low cost of an image, 

Zhang [4] proposed many limitations of image based rendering methods around diversity, lighting, 

and animation because of the static nature and the relatively high memory cost of an image. 

As to volume based method, Reche et al [5] used the volume based method to reconstruct the tree 

from photographs. Nevertheless, the method just works for the tree with sparse leaves, rather than 
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dense forest, because single pixels contain the blended projection of numerous leaves, branches and 

background. 

Rule-based method is to use rules or syntax to create 3D trees, such as L-system, Iterated Function 

Systems (IFS), particle system, reference axis technique, etc. Lindenmayer [6] proposed the 

formalism of L-systems as an original worked for plant modeling. Reeves [7] presented particle 

system and rendered complex trees using a set of small disks represent the leaves. Other work has 

attempted to reconstruct 3D tree geometry from 2D sketch. Makoto [8] presented a system for 

designing 3D models of botanical trees quickly and easily using freehand sketches and additional 

example-based editing operations. So in this paper, we present an efficient modeling and rendering 

realistic trees method based on recursive fractals. 

Modeling and rendering realistic tree based on fractal recursion 

After we observe and study the trees in our life, according to the growth characteristics of poplar trees, 

we divide the trees model into three parts, trunks, branches and leaves. One tree is composed with a 

lot of trunks, branches and leaves. So tree can be recursively defined that one tree has many trunks, 

one trunk has several branches, and leaves appear at the end of the branches. In this way, we can get 

the self-similar tree model by recursive fractals. 

Multi-branches tree structure. We have a multi-branches tree topological structure to organize 

all the trunks and the branches. Usually, the bottom radius of trunk is equal to its father’s top radius, 

while the bottom radius of branch is smaller than its father’s top radius. In our multi-branches tree 

structure, the left node is the trunk node. But one trunk node might have two child trunk nodes, this 

case is rare. We can deal with this case by adding a flag in our structure, bIsTrunkm _ . If the value of 

bIsTrunkm _  is true, this node is trunk. And if the value of bIsTrunkm _  is false, this node is branch. 

Just as Fig. 1 shows, the left is the trunks and the branches. AB, BC, CD are the trunks, and EF, GH, 

JK are the branches. The right of Fig. 1 is our multi-branches tree structure hierarchy chart. We define 

one structure to organize the data of trunks and branches, just as Table 1. In Table 1, m_pFather is 

used to point the father-branch node, m_pChild is used to store the first child-branch node 

information, and m_pNext is used to point the brother-branch node. In this way, we can organize the 

trunks and the branches. 

 
Figure 1. Static area and dynamic area 

 

Branches modeling. Usually, the appearance of branches of trees is cylinder. It is difficult to 

render so many cylinders. So we select the multi-side-quads frustum to present the branches, and all 

the control points of the multi-side- quads frustum are on the bottom circle and the top circle. The 

branch can be presented by three to ten side-quads frustum. In order to present the detail of the branch 

and don’t increase the complexity, we select the six-side-quads frustum. And the bottom and top of 

the frustum are regularhexagons.  

Just as Fig. 2a) shows, in our method, the branch has five attributes, Radius1, Radius2, Length, 

Twist and Expand. Radius1 is the radius of the bottom regularhexagon, and Radius2 is the radius of 

the top regularhexagon. Twist is the angle which the branch rotates the Y-axis, and Expand is the 

angle which the branch rotates the Z-axis. Radius1, Radius2, and Length control the size of the 

branch. Twist and Expand control the global distortion of the branch. 
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Table 1. Structure of the branch 

struct SBranch { 

bool m_bIsTrunk; 

float m_fTwist; 

float m_fExpand; 

float m_fLength; 

float m_fRadiusBottom; 

float m_fRadiusTop; 

SBranch* m_pFather; 

SBranch* m_pChild; 

SBranch* m_pNext; 

int m_iChildrenNumber 

}; 

       
 

a)                                                            b) 

Figure 2. Model of the branch and model of the side branch 

 

We can select recursive fractals to generate the self-similar tree trunks model, so we define the 

iterator as Equation (1). In order to increase the randomness of the tree model, we add some random 

parameters in our iterator. In Equation (1), 3210 ,,, rrrr  are the random Integer parameters in }2,1,0{ , and 

they control the Twist, Expand, Length, Radius of the branch. In this way, we can generate the tree 

trunk model. 
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As to the side branches, we also define the iterator to generate the tree side branches model. 

Usually, the side branch is slenderer than the trunk, just as Fig. 2b) shows. So we add three parameters 

to control the shape of the side branch, fSideScale , fBifurcate  and iDepth . fSideScale  is used to control the 

Side branch scaled  

by fSideScaleGlobal 
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radius of the side branch, and fBifurcate  is used to compute the Expand angle of the side branch. One 

side branch might have some child branches, so we use iDepth  to control the depth of the side branch. 

We define the iterator as Equation (2) to generate the side branch model. In Equation (2), 3210 ,,, rrrr  

also are the random Integer parameters in }2,1,0{ , and control the Twist, Expand, Length, Radius of the 

side branch. 

Leaves modeling. Leaves are the important characteristic of the trees, and different types of trees 

have different leaves shape. Usually, the number of leaves is so large, and the edge information of 

leaves is so rich, so it is difficult to render them in detail as actual. We use billboard to simulate the 

tree leaves, and one quad shape billboard represents one leaf. Irregular border of leaf is visualized via 

Alpha Testing. It is also parameterized for different appearance. 

Just as Fig. 3 shows, in our method, the leaf has four attributes, Scale, ScaleNoise, Expand, and 

Twist. Twist and Expand control the global distortion of the leaf. Scale controls the size of the leaf. In 

order to increase the variety of leaves and make the tree leaves look reality, we add a noise parameter, 

ScaleNoise. The noise sequence is produced by a random function. The initial position of leaves is at 

each branch twig. 

 
Figure 3. Model of the leaf 

 

Rendering realistic tree. Since we have generated the model of the tree and have a structure 

hierarchy chart, when rendering the tree, we just need to traverse the multi-branches tree structure and 

shade the trunks, branches and leaves. In this way, we get the realistic trees. We also can add the 

shadow in our scene. 

Results 

We have implemented our method to model and render realistic trees. Our implementations are 

running on a Intel Core2 Duo 3.0GHz computer with 2GB RAM, and NVIDIA GeForce8400 SE 

graphics card with 256M RAM, under Windows 7 system, Visual C++ 8.0, and OpenGL 

environment. The rendering system has a real viewport size of 1024×768. 

In order to test and verify our method, we implement our method to model and render single tree. 

We can change the branches parameters and leaves parameters of the tree model, and obtain the 

different shape trees. Just as Table 2, we set the different branches parameters and leaves parameters, 

and we also set the random noise. Fig. 4 shows the result trees in turn, and the shape of the result trees 

is different. Since we can get so many different trees, our method can be used to model and render 

large scale forest scene.  

Conclusions and future work 

In this paper, we present an efficient modeling and rendering realistic trees method based on recursive 

fractals. Firstly, according to the growth characteristics of poplar trees, we divide the trees model into 

three parts, trunks, branches and leaves. We provide a multi-branches tree topological structure to 

organize all the trunks and the branches, and add leaves to leaf nodes of our multi-branches tree 
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structure. Then we define the recursive fractals iterator to generate trunks model and side branches 

model, and use billboard to simulate the tree leaves. After that, we render the trees. Finally, we 

implement our method, and model and render different shape trees.  

As a future possibility, we are working on adding other effects to our modeling trees and using our 

method to implement other complex natural phenomenon. 

      
a) b) c) d) e) f) 

Figure 4. Model of the single tree 

 

Table 2. Different parameters of different shape trees 

No. 
Branches Leaves 

Expand Twist Radius Length Size Expand 

1) 21.78 105.84 0.76 0.88 3.36 7.65 

2) 9.81 58.86 0.80 0.85 2.04 3.24 

3) 32.22 128.70 0.76 0.82 2.39 47.97 

4) 43.65 134.10 0.90 0.89 2.60 13.68 

5) 13.05 98.10 0.91 0.91 2.84 81.27 

6) 28.89 72.00 0.80 0.85 3.41 20.70 
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Abstract. As one kind of primary passive vibration control technology, the seismic isolation 

technology provides a new way for anti-seismic of bridge and has got initial application in practical 

bridge engineering. Some standard clauses have been added into the international codes including 

Eurocode 8, codes of AASHTO and Japan Highway as well as China Highway. In this paper, using 

the finite element program Sap2000, a three spans continuous beam bridge is taken as practical 

calculation example for analysis and comparison based on four codes above. The research results 

provide important reference for further research and practical application of bridge vibration 

reduction and isolation. 

Introduction 

The seismic isolated bearing installed in bridge can escape or mitigate the bridge damage and 

provides the effective protection for bridge during earthquake. Therefore, the researchers from many 

countries have carried out a lot of important research work on seismic isolation technology in the past 

twenty years [1-4]. At the same time, good anti-seismic performance has been verified in some 

earthquakes. At present, many countries and areas have increased the standard clauses related with 

seismic isolation in bridge anti-seismic design code including Europe, America, Japan and China, etc.  

In this paper, based on the finite element program Sap2000, using three artificial earthquake 

waves, a three spans continuous beam bridge is taken as practical example for calculating the dynamic 

responses of seismic isolated bridge according to the four codes of Eurocode 8 [5], AASHTO [6], 

Japan Highway [7] and China Highway [8] respectively. By comparing and analyzing, some 

meaningful research results are acquired and will provide important reference for both further 

research and practical application of bridge vibration reduction and isolation. 

Parameters of beam and pier 

In this paper, a 120m length, three-span continuous bridge is taken as the practical example, and the 

span combination is 33m+54m+33m respectively. The calculation model is shown in figure 1. For the 

beam, C50 concrete is used , and the cross section area of the beam is 12.9m
2
, and the lateral bending 

rigidity is 48.70m
4
, as well as vertical bending rigidity is 3.43 m

4
. The piers are rectangle sections 

with 2.2m in width and 2.8m in length as well as 9-10m in height, and the C45 concrete is used in 

piers. 
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Figure 1 Sketch of the bridge model 

Boundary conditions and damping. The 3# pier is brake pier, and the 1#, 2#, 4# piers are 

sliding piers whose bearings’ restraints are fixed in transverse direction and free in longitudinal 

direction. For the isolated bridge system, the brake pier is isolated in longitudinal direction and fixed 

in transverse direction, and the constraints of the other piers are unchanged. The Rayleigh damping is 

used in this research. 

Seismic excitations. The seismic excitations adopt three artificial seismic waves, which are 

generated considering the site conditions and the influences of random phase. The peak values of each 

wave are adjusted according to seismic fortification intensity of 8 degree and of 9 degree respectively, 

and the time history analyses of bridge seismic responses are done under the excitation of three 

artificial seismic waves corresponding to seismic intensity of 8 degree and of 9 degree, and the 

calculated results are compared and analyzed. The acceleration curves of three artificial seismic 

waves are shown in figure 2 to figure 4. 
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Figure 2 Artificial seismic 

waves No.1 
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waves No.2 
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Figure 4 Artificial seismic 

waves No.3 

Mechanical parameters of LRB. LRB is used only at brake pier of bridge for seismic isolation. 

The bilinear mechanical model of LRB is shown as figure 5. 

 
Figure 5 Mechanical models of LRB 
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The mechanical parameters of LRB used in this paper are shown as follows, the yield strength Fy is 

4.8e5N, and the initial stiffness Ku is 1.6e8N/m, and the yield displacement di is 3mm, and the 

hardening ratio α is 0.1. The design displacement of LRB is determined as 90mm. 

Equivalent stiffness and equivalent damping ratio as well as mechanical parameters of LRB 

according to different seismic isolation design codes are shown in table 1. 

Table 1 Parameter of LRB  

Code 

Equivalent 

stiffness  

（N/m） 

Equivalent 

damping 

ratio 

Initial 

stiffness  

（N/m） 

Yield 

displacement 

（mm） 

Yield 

strength 

（N） 

Hardening 

ratio 

American 2.82e7 0.19 1.6e8 3 4.8e5 0.1 

Japanese 2.64e7 0.23 1.6e8 3 4.8e5 0.1 

European 2.48e7 0.23 1.6e8 3 4.8e5 0.1 

Chinese 2.24e7 0.24 1.6e8 3 4.8e5 0.1 

Results and analyses 

Based on the LRB parameters in Table 1, finite element model of the isolated bridge is established and 

non-linear time history analyses are carried out. The results corresponding to the four different codes 

are compared and analyzed as follow. 

Comparison of fundamental periods between models with and without isolation. The 

fundamental period of the model without isolation and the periods of the models with isolation for 

four codes are given in Table 2.   

Table 2    Comparison of fundamental periods with and without isolation 

Period without isolation (s) 
Period with isolation (s) 

AASHTO Eurocode 8 Japan Highway China Highway 

0.63 1.601 1.692 1.647 1.769 

It can be seen from Table 2 that the fundamental periods of isolated bridge are two times larger than 

that of non-isolated bridge. The calculation result according to the China Highway Code is the largest 

and the results are very close for the rest three codes. 

Comparison of seismic isolation effect. Considering the excitations of seismic intensities of 8 

degree and 9 degree and using three artificial earthquake waves, the seismic responses of isolated 

bridge are computed and compared according to the four codes aforementioned. For the calculated 

results under three artificial earthquake waves excitation, the maximum of seismic responses for the 

three seismic waves is chosen to be compared.  

Fig. 6 and 7 give out the time history displacement responses of pier top under different seismic 

intensities corresponding to four codes. 
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It can be seen from Fig.6 and Fig.7 that under the same excitation, the maximum displacement 

responses of pier top corresponding to the four codes are all different and it is due to that the effective 
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stiffness of LRB are different when calculated according to the four codes, which leads to the 

variations of vibration properties of the bridge. The peak responses and isolation ratios of the seismic 

isolated bridge corresponding to four codes are mainly compared and analyzed in the following. 

Comparison of peak responses and isolation ratios corresponding to four codes. Comparison 

of peak seismic responses corresponding to four codes under seismic intensities of 8 degree and 9 

degree are shown in Table 3 and Table 4 respectively.  

Table.3 Comparison of peak responses corresponding to four codes (8 degree)    

Seismic responses 
Without 

isolation 

With isolation 

AASHTO 
Eurocode 

8 

Japan 

Highway 

China 

Highway 

Shear force at pier 

bottom (N) 
2.49E+07 4.70E+06 4.61E+06 4.58E+06 3.05E+06 

Moment at per bottom 

(N·m) 
1.48E+08 3.88E+07 3.78E+07 3.76E+07 2.46E+07 

Displacement of pier top  

(m) 
3.50E-02 1.10E-02 9.00E-03 1.00E-02 6.84E-03 

Displacement of beam 

(m) 
3.77E-02 1.30E-01 1.40E-01 1.70E-01 1.89E-01 

Table.4    Comparison of peak responses corresponding to four codes (9 degree)    

Seismic responses 
Without 

isolation 

With isolation 

AASHTO 
Eurocode 

8 

Japan 

Highway 

China 

Highway 

Shear force at pier 

bottom (N) 
3.3E+07 5.57E+06 5.47E+06 5.36E+06 3.54E+06 

Moment at per bottom 

(N·m) 
1.97E+08 4.6E+07 4.47E+07 4.44E+07 3.1E+07 

Displacement of pier top  

(m) 
5E-02 1.3E-02 1.24E-02 1.27E-02 8.67E-03 

Displacement of beam 

(m) 
4.6E-02 1.67E-01 1.58E-01 2.07E-01 2.67E-01 

It is shown in Table 3 that, under the seismic intensity of 8 degree, the isolation ratios of shear 

forces at pier bottom are 81.1%, 81.5%, 81.6% and 87.7% and the isolation ratios of moments at pier 

bottom are 73.8%, 74.5%, 74.6% and 83.4%, as well as the isolation ratios of displacements of pier 

top are 68.6%, 74.3%, 71.4% and 80.4% corresponding to the code of AASHTO, Eurocode 8, Japan 

Highway and China Highway respectively. At the same time, the increase ratios of displacement of 

beam are 71%, 73.1%, 77.8% and 80.1%. 

Also, it can be seen from Table 4 that, under the seismic intensity of 9 degree, the isolation ratios of 

shear forces at pier bottom are 82.7%, 83.4%, 83.7% and 89.27% and the isolation ratios of moments 

at pier bottom are 76.6%, 77.3%, 77.5% and 84.3% as well as the isolation ratios of displacements of 

pier top are 74%, 75.2%, 74.6% and 82.7% corresponding to the code of AASHTO, Eurocode 8, 

Japan Highway and China Highway respectively. At the same time, the increase ratios of 

displacement of beam are 72.4%, 70.9%, 77.8% and 82.8%. 

Apparently from the comparison above, under the seismic intensities of 8 degree and 9 degree, the 

isolation ratios of shear forces at pier bottom, moments at pier bottom and displacements of pier top 

and the increase ratio of displacement of beam calculated according to Chinese code are the largest in  

four codes and the other three codes are close. Thus, to this example, comparing to Chinese code, 

Eurocode 8, AASHTO and Japan Highway code tend to be more conservative. 
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Conclusions 

In this paper, based on the finite element program Sap2000, the finite element model of a three spans 

isolated continuous beam bridge is established considering isolated bearing only installed on brake 

pier, and the calculation of dynamic characteristics and responses of above bridge are carried out 

according to the codes of Eurocode 8, AASHTO, Japan Highway and China Highway respectively. 

Some valuable results have been achieved as follow: (1) The fundamental periods of isolated bridge 

are two times larger than that of non-isolated bridge, and the calculation results is the largest 

according to the China Highway Code and the results are very close for the rest three codes. (2) For 

seismic intensity being 8 degree and 9 degree, using three artificial earthquake waves, the seismic 

responses of bridge are calculated with and without isolation. The results indicate that the ratios of 

vibration reduction of bridge pier including the moment and shear force at pier bottom as well as 

displacement on top of pier and the increasing ratio of beam displacement are all the largest for China 

Highway Code, and those results of Eurocode 8, AASHTO and Japan Highway code are very close, 

tending to be more conservative.  
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Abstract. As a supporting member of concrete structures, the reliability of the columns is of critical 

importance. To have models targeted to estimating the residual load-bearing capacity of corroded 

reinforced concrete (R.C.) columns so that inspection procedures and maintenance interventions can 

be well conducted, a time-dependent capacity model for corroded R.C. column is presented. The 

model was based on equilibrium equations on which load-bearing capacity  of R.C. column at given 

time (year) can be predicted considering the overall deteriorations of rebar, concrete section, 

mechanical properties and bond behavior between corroded reinforcement and concrete. The model 

was verified by published literature test results of corroded R.C. columns served in atmosphere 

environment for years. The comparison of the model predictions with the test results shows the 

validity of the model. In the end, considerations for use of the model were suggested. 

Introduction 

Corrosion of reinforcement embedded in concrete is a worldwide problem. It not only reduces the bar 

section and the mechanical properties of reinforcement, but also generates concrete cracking and 

changes bond strength between reinforcement and concrete due to the expansion of corrosion 

products. Synergistically, load-bearing capacity and mechanical behavior of RC elements are affected 

by the corrosion of reinforcement [1]. Worldwide attentions have been paid to the corrosion issues 

such as the mechanisms of corrosion, effects of corrosion on concrete structures, testing methods to 

corrosion monitoring, measures to corrosion prevention, and effectiveness of repair and strengthening 

of corroded structures. However, the majority of the previous work has been focused on corroded R.C. 

beams. Works on the mechanical behavior and load capacity of corroded R.C. columns are 

comparatively limited compared with works on beams. It is well known that collapse of column may 

lead to very high risks of building collapses. As a supporting member of concrete structures, the 

reliability of the columns is of critical importance.  

Fortunately, a number of researchers [2-7] have made contributions to our understanding of 

behavior of corroded R.C. columns in recent years. Numerical and analytical models have also been 

developed and calibrated with the experimental results to predict the bearing capacity of corroded R.C. 

columns [8-9]. Ref. [10] reviewed the previous studies carried out to investigate the behavior of 

Corroded R.C. columns. Generally speaking, the previous studies mainly concentrated on the 

mechanical properties of corroded members at a given time or given corrosion. Few models consider 

the overall deteriorations of rebar and concrete section, materials mechanical properties and the 

relationship of bond-slip. The time-dependent model of life cycle behavior for RC column is not well 

established. It is therefore extremely important to have models targeted to estimating the residual 

load-bearing capacity of columns at any given time so that inspection procedures and maintenance 

interventions can be well conducted. Although some models of time-variant degradation of material 

properties are not well established yet, authors of this paper still have an intention of taking their first 

step towards the time-dependent load-bearing capacity of corroded R.C. columns. This paper, 

therefore, based on the Code for Design of Concrete Structures (GB 50010-2002, China) [11] and 

Standard for Durability Assessment of Concrete Structures (CECS 220) [12], try to present a 
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simplified model, taking into account all of the degradations mentioned above, in particular, the 

relationship between the corrosion degree and the load bearing capacity of corroded R.C. columns in 

atmosphere environment. The results of the model computation are verified by two experimental 

results [14, 15]. For simplicity, only even corrosion is considered in this paper.  

Modelling the Time-Dependent Load-Bearing Capacity of Corroded R.C. Columns 

Load-bearing capacity model of corroded R.C. columns. Fig.1 shows the simplified sketch of 

compressive load-bearing capacity for large eccentric compression column with rectangular section. 

The time-dependent compressive load-bearing capacity for eccentric compression column of 

rectangular section shall conform to the following stipulations. 

 

Fig.1 Simplified sketch of compressive load-bearing capacity for large eccentric compression 

members with rectangular section 
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Where, )(tN is the time-dependent eccentric compressive force, 
1α is coefficient calculated 

according to Ref. [11]. )(tx is the time-dependent depth of compression zone of equivalent 

rectangular stress diagram. )(tb and )(0 th  are the time-dependent width and effective depth of 

rectangular section respectively. )(0 th  is the distance from the point for resultant of longitudinal 

tension steel reinforcement to the surface of compression zone. 
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Where, h is sectional height; c is the concrete cover, here we assuming that the concrete cover is 

the same for one column. if c is different for tension and compression zone, the real thickness of the 

concrete cover should be taken; d is the initial diameter of reinforcement. when 

mm20 <<ω , ωα 15.0= , when mmmm 3~2=ω , 45.0=α   [13], ω is the width of the crack. 
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ai eee += 0  .                                                                                                                                                                 (6) 

 

Where )(te is the distance between acting point of axial compressive force and point for resultant 

of forces of longitudinal ordinary steel bars.η  is the eccentricity enlargement coefficient for axial 

compressive force of eccentric compression member, considering the influence of second bending 

moment, calculated according to the Ref. [11]. ie  is the initial eccentricity. sa is the distance from the 

point for resultant of forces of longitudinal ordinary steel bars to the near edge of section. 0e is the 

eccentricity of axial compressive force with respect to centroid of section. ae is additional eccentricity, 

determined according to the code [12]. 

Time-variant material properties. )(tfc  is the time- dependent axial compressive strength of 

concrete, which can be determined by equation (7), 
0cf is 28-day concrete cubic strength [12]. 
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sA
and

yf
 are the initial section area and tensile yield strength of ordinary steel bars, respectively; 

)(tsξ is time-dependent strength reduction factor of reinforcement, as suggested in Ref.[12]; )(tsη is the 

time-dependent sectional area loss ratio of corroded reinforcement, for even corrosion, it can be 

evaluated by: 
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Where, )(td∆ is the reduction in diameter of reinforcement due to corrosion, as suggested in Ref. 

[12].  
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int  is the corrosion initiation time (years), crt  is the time for concrete cover cracks caused by 

corrosion. int and crt are determined by: 
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Where, 
crd∆ is the critical corrosion depth of reinforcement when corrosion-induced crack is 0.1mm, 

determined by equation (16) and (17) for corner bar and normal bar respectively [12]. 0x is 

Carbonation remains, k is  

 

018.000084.0/012.0 ++=∆ cukcr fdc  .                                                                                                     (16) 

016.00014.0)/(015.0 55.1 ++=∆ cukcr fdc  .                                                                                                (17) 

 

0v and 1v are the corrosion rates before and after concrete cover cracking caused by corrosion 

respectively, determined by Ref. [12]. Equation (18) and (19) are for outdoors and indoors 

respectively. 
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where,
clK
 is the position coefficient of steel bar, for corner bar

clK =1.6, else
clK  =1.0; m is the 

coefficient of local environment; T is environmental temperature (℃); RH is the annual average 

relative humidity (%), when RH>80%, then RH=80%; c is cover depth (mm); 
cukf is the concrete 

cubic strength (MPa). 

The calculation of time-variant material property )(' tf y and )(' tAs is same as that of )(tf y and 

)(tAs as mentioned above, which will not be listed here. 

Model Verification 

The model was verified by published literature test results of corroded R.C. columns that had served 
24 years [14] and 36 years [15] in the atmosphere environment. For the limitation of space, the detail 
of the calculation is not listed here. Table 1 shows the comparison of the predictions with the tested 
ones. It can be seen from table 1 that the predictions are smaller than the test ones. 

Table 1.The comparison of the predictions with tested ones 

Ref. Columns dimensions Service(year) Predicted/Tested 

Ref.[14] 2900mm×240mm×240mm 24 0.79 

Ref.[15] 2150mm×200mm×200mm 36 0.84 

Conclusions 

It is feasible to predict the time-dependent load bearing capacity of concrete columns at given time 

(year) by considering the overall deteriorations of rebar and concrete section, mechanical properties 

and bond behavior between corroded reinforcement and concrete. However, the deteriorations of the 
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concrete member are such a complexity that it is difficult to predict precisely the time-dependent 

behavior in life cycle time simply using models. Own to the limitation of the test results, the 

validation of the model would be further researched. It is greatly recommended to combine the set 

inspection with the prediction of the model when maintenance interventions of R.C. structure are 

conducted. 
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Abstract. The performance function of deep tunnel in the reliability analysis can not be explicitly 

expressed and has non-linear characteristics, a new method of reliability analysis is proposed by 

combining intelligent methods and Monte Carlo principle. The support vector machine(SVM) model 

is employed to establish the nonlinear mapping relationship between basic random variables and 

structural response action, particle swarm optimization is used to optimize the parameters of SVM 

model. The learned SVM model is integrated with Monte Carlo method to calculate the failure 

probability and reliability. At last, the validity of the proposed method is verified by two typical 

engineering examples, the reliability index of wall rock along Jinping Hydropower Station diversion 

tunnels is calculated，the results are in good agreement with the actual situations. The proposed 

method could benefits other similar projects. 

1. Introduction 

Deep tunnel will be built frequently in many projects such as “south-north diversion project” and 

“west-east power transmission project” in China, many accident in practical engineering break out 

such as collapse, rockburst, karst collapse, debris flow and so on. The reason is not that the accuracy 

of the calculation method, but because of the deterministic methods of analysis with the calculation 

failed to take account of uncertainties. With the development of the theory of reliability [1-2], the 

study of structural reliability has reached a practical level. Now, in the reliability analyses, first-order 

second-moment method or JC method are recommended widely, however, these methods can only 

solve explicit performance function of a simple structural reliability [3]. For the implicit limit state 

equation with the complex structural reliability calculation, response surface method are proposed 

[4], but the nonlinear function approximation ability of the response surface polynomial form is 

limited, the accuracy of response surface can not solve the problem. 

The performance function of limit state for deep tunnel is nonlinear equations, or even can not be 

clearly expressed the limit state equation, the reliability analysis of such issues would be difficult, it is 

necessary to study efficient and accurate method of calculating reliability. Monte Carlo method is an 

exact algorithm for reliability calculation, and can solve non-linear equation of limit state 

fundamentally [5]. Therefore, this article based on the Monte Carlo principle, intelligent methods 

(SVM-PSO) used to solving complex engineering systems in great advantages [6]. The trained SVM 

model can instead of numerical calculation in the iterative calculation of Monte Carlo process, greatly 

improving the calculation efficiency. 

2. Fundamental principles 

The Monte Carlo method is based on law of large numbers, firstly, large random sampling the random 

variable are conducted, then put these sample value into the performance function, determine whether 

the structure are failure, the more sampling times, the more accurate results, so it has the ability of 

solve complex problems directly.  

SVM is based on statistic learning theory and the parameters selection is important to it. The 

optimization problem for SVM is the following: 
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Where: iα are the coefficients and ( , ) ( ) ( )T

i iK x x x xϕ ϕ= is the kernel.  

Insensitive factor ε and penalty factor C are the main factors affecting the performance of SVM 

model [7]. Based on PSO-SVM,  the paper proposes a short-term traffic flow predication model, PSO 

algorithm measure the superiority and inferiority of the i  particle according to the fitness value. The 

optimal location named 
idP in the history of each particle and the entire history of particle swarm 

optimal location named 
gdP  will be recorded in iterative calculation process. Mathematical 

description of PSO algorithm is as follows: 

1 1 2 2( ) ( )i d i d i d id g d idv wv c r p x c r p x= + − + −                                      (3) 

id id id
x x v= +                                                             (4) 

Where: i dv  is speed of the i  particle in the d  dimension, idx is the location of the i  particle in the d  

dimension, 1r 、 2r  is uniformly distributed random number between zero and one, 1c and 2c  are the 

learning factor, and w  is inertia weight . 

3. Method of calculation 

For the deep tunnel project, due to various factors is complex and changeable, in this paper stress of 

surrounding rock, deformation and other action-effect are obtained by FLAC3D software. The 

software can inject a special non-linear constitutive model, obtaining very strong function of random 

parameters. 

A new method of reliability calculation combining PSO-SVM-Monte Carlo is presented, it is 

integration of intelligent method, numerical calculation and Monte Carlo principle, will integrate the 

three elements for the reliability analysis system for deep tunnel reliability analysis. The specific 

process is as follows: 

(1) Uniform design method are used to select study sample size, designed the range of random 

variable interval [ 3 3µ σ µ σ− +， ], µ  and σ  respectively are the average of all random variables and 

standard deviation. The establishment of engineering structures numerical analysis of the numerical 

model can provide the role of the structure effect (displacement, stress, etc.), as SVM learning 

samples. 

(2) By using PSO to optimize the parameters of SVM, it can improve the accuracy of prediction 

and reduce the blindness of trial. The algorithm is summarized below:  

① Initialize PSO, including the particle size, maximum velocity v , particle vector represents the 

parameters of SVM, which are penalty factor C , insensitive factor ε. 

② Evaluate the fitness of each particle, compare the fitness value and determine the personal best 

particle and global best particle. Change the velocity for each particle according to Eq. (3) and then 

update the position for each particle according to Eq. (4). 

③If it convergence, the global best particle is the optimized parameter. 

 (3) A sufficient number of random samples for Monte Carlo simulation can directly be provided, 

stress, displacement can be calculated through the random variable has been input trained SVM 

model. Finally, the effect of random variables and the role of engineering structures by substituting 

into the function of limit state function, statistic the number of function value which is less than 0, 

according to the Monte Carlo principle, the reliability of engineering structures can be calculated. 
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4. Verification of the method 

Hypothesis the performance function of one structure is Z1=18.46-7.48X1/X2, the distribution of 

parameter variable is X1～N(10, 22), X2～N(2.5, 0.3752), solving structural reliability index β. 

The number of samples are selected as 15 accordance to uniform design(Table 1). Argument on 

behalf of the sample into the PSO-SVM model, training SVM, then the nonlinear mapping 

relationship between the function value and the variable is established. Stochastic simulation is 

100,000 times, reliability calculation in the Table 2, comparison between JC and direct MC method 

with high precision, it shows that the method can be applied to reliability calculation of deep tunnel 

project. 

Table 1  Samples selected by uniform design 

Parameters 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

X1 11.6 15.7 14.9 10.7 8.2 4.8 13. 14 12. 7.3 4 9.8 5.7 6.5 9.0 

X2 1.5 2.6 1.8 3.0 3.5 3.2 2.2 3.3 2.9 1.9 2.3 2.1 1.6 2.8 2.5 

Z 1 -7.2 11.9 -1.4 1.6 17 17 9.2 15. 14.7 10.7 16 10 8.8 16 14 

                            Table 2   The calculated results and comparison 

 

 

5. Case study 

Taking Jinping Ⅱ hydropower station tunnel project as a example. The project is located in the 

Yalong River in Sichuan Province Jinping river bend(Fig.1), total installed capacity is 4800MW, 

through the excavation of four water diversion tunnel built power plants to generate electricity. There 

are two auxiliary tunnel, A and B. A hole cross-section width 5.5m, high 5.7m; B hole cross-section 

width 6.0m, clear high 5.0m. The maximum depth of the overlying strate of tunnel is about 2525m, 

and have large embedded depth, long tunnel axis, big diameter selection characteristics, it become the 

deep tunnel in the world. Depth greater than 1500m length is 73% of total length(Fig. 1). 

   

Fig.1  A position of Jinping II hydropower tunnels and assistant tunnels, b longitudinal section of assistant tunnels 

The reliability of AK2+000, AK4+000, AK9+000, AK14+000, AK15+000 section were 

calculated, three random variables(E, C and Φ) are considered. The statistical characteristics of 

variables refer to field geological survey recommended range. Because of space limitations, just show 

the parameter distribution of AK9+000 (Table 3). 

Table 3   Probability distribution of random variables 

 

 

 

 

CWFS constitutive model in FLAC3D numerical calculation is adopt [8], the model can better 

simulate mechanical behavior of deep tunnel, in-situ stress field is: xxσ =55MPa, yyσ =70MPa, 

Method JC 
In this 

paper 
MC 

β 2.33 2.37 2.36 

Parameters Average Standard deviation Dispersion pattern Unit 

E 25 2.5 Normal GPa 

C 15 1.5 Normal MPa 

Φ 30 3.0 Lognormal ° 
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zzσ =65MPa, xyσ =3.18MPa, yzσ =8.9MPa,  zxσ =5.97MPa. Parameter setting: Poisson's ratio 0.2, 

peak friction angle value is two times the initial, residual cohesion is 10% of initial cohesion, critical 

plastic strain is 1e-3, the monitoring points and measurement line layout in tunnel show in Fig. 2. 

                     
Fig.2   Line layout                                Fig.3   Stability of K15+000                     Fig.4   Unstability of K9+000 

Damage of rock is the changes of stress-strain relationship, but damage of surrounding rock 

are function failure, local destruction of surrounding rock does not mean that the destruction of the 

whole project. So, it is unreasonable that treating the rock failure criterion as performance function. 

Surface displacement as a predictor of the basic physical quantities, not only it is measured 

conveniently, more importantly, the measurement data is reliable, and also follows the corresponding 

standard norms. Therefore, this article uses the displacement of surrounding rock as stability criterion, 

according to the statistical 197 measurement section in 61 tunnel in China(on the basis of SUN Jun 

Academician), when relative convergence values are 2%, the tunnel is failure. Convergence 2% of the 

relative value of surrounding rock displacement is a criterion to judgment the surrounding rock 

stability limit. Performance function Z is showed in Eq. 5. 
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∑  is the average value of six line convergence in Fig. 2.  

Thirty samples are generated by uniform design method, the convergence displacements are 

calculated by FLAC3D. Substituting into the calculation program, different reliability indexs of 

surrounding rock are got in different buried depth using the calculation method proposed in this 

paper(Table 4). If the numerical calculation times is 0.1 million only using FLAC3D software, the 

computation is very large, it will take several years to complete the calculation. 

Table 4    Reliability indexs at different buried depth 

Station K2+000 K4+000 K9+000 K14+000 K15+000 

Buried depth/m 1400 1650 2500 1700 1250 

Rock classification Ⅱ Ⅲ Ⅱ Ⅲ Ⅲ 

Lithology Chloriteschist Sandstone Marble Limestone Cipolino 

β 4.3 3.7 2.9 3.5 4.7 

The security level of Jinping Ⅱ hydropower station is I level, category of destruction is B 

damage(sudden destruction), compared between the results and the current specification of the 

target(Table 5), when the reliability index is more than 4.2, it can not meet regulatory requirements. 

Fig. 3 and Fig. 4 are the A auxiliary tunnel’s Rock-site conditions, K15+000 has overall stability of a 

good paragraph, but there are many landslides and other damage in K9+000, so the reliability 

evaluation index can provide the necessary reference and a basis for engineering design and 

construction. This paper presents a new way to characterize the reliability index obtained the safety 

level of the tunnel rock, it can reflect the actual situation of underground works, and can be certainty 

analysis of the expansion and additional. It is easier for people to accept. 
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Table 5    β 

Security levels Ⅰ Ⅱ Ⅲ 

Damage type 
A  3.7 3.2 2.7 

B  4.2 3.7 3.2 

6. Conclusion and Discussion 

(1) The performance function of deep tunnel in the reliability analysis can not be explicitly expressed 

and has non-linear characteristics, in this paper, a new way of reliability analysis is proposed 

combining intelligent methods and principles of Monte Carlo, it overcomes some disadvantages of 

the traditional calculation method such as poor precision and low efficiency. 

(2) In this method, the uniform design method are used to construct learning samples, and the 

software FLAC3D numerical are used to calculate effects of deep tunnel project, and then use SVM 

model to build the non-linear mapping relationship between the sample parameters and the structural 

effects, and use PSO to optimize parameters of SVM model, a non-linear approximation implicit 

performance function is simulated in the process of Monte Carlo. 

(3) Reliability index which indicates that the safety of surrounding rock of deep tunnel can further 

reflect the actual situation of underground project. It is expanation and complement of deterministic 

evaluation methods, it is easier for people to accept. 

(4) The study of uncertainty and spatial variability of surrounding rock parameters was not enough, 

hindered the application of reliability analysis method in deep tunnel, it needs to do more widely 

research work. 
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Abstract. The purpose of this paper is to investigate producing mechanism and distribution laws of 

remote cracks for geotechnical engineering structure. The fracture modes of geotechnical material 

containing a hole with different lateral confining pressure coefficients of 0, 0.05, 0.1, 0.15, 0.25, 0.33, 

0.75 and 1 were numerically simulated using RFPA
2D

 (rock failure process analysis) code. The results 

indicate that under a certain confining pressure, three types of cracks, i.e., primary crack, remote crack 

and shear crack, can be observed simultaneously in the same sample. When the lateral pressure 

coefficient is satisfied that 0<k<0.33, the remote cracks in en echelon forms occur in the remote 

region from the hole. The minimum distance of remote crack from the hole boundary is more than 

0.5r (“r” denotes the radius of hole). Remote cracks are resulted by the connection of many micro 

vertical tensile cracks. The distribution laws of remote cracks are followed by the modulus ( ) 1

2
−i

r 

(i=1, 2, 3, 4). A primary tensile crack is one necessary condition for the occurrence of remote cracks 

for circular geotechnical engineering structure. 

Introduction 

Geotechnical material is a kind of common material in civil engineering. Due to its special formation 

and embedment conditions, it is always heterogeneous and under triaxial compression of in-situ stress. 

It is known that the fracturing of geotechnical material is a progressive process and the unstable 

failure may come into different patterns due to the difference of fracturing process. Although the great 

difference exists, the fracturing always comes forwards to form the best loading structure whose stress 

concentration is the minimum, for example, the circular frame.  

With the deep exploitation of mineral resources, the complex geological environment and high 

in-situ stress make the surrounding rock mass be fractured again and again. Therefore, a great deal 

work on the fractures of material surrounding a circle hole has already been done to study the failure 

of underground engineering structure and general results [1-6] are obtained as follows: (1) primary 

cracks, which appear in tensile stress concentration zone at the top and bottom of the hole; (2) remote 

cracks, which come forth in the area remote from the hole; (3) shear cracks, which can be observed in 

shear stress concentration region along hole sidewall. The distribution of three kinds of cracks is 

shown in Fig. 1. 

Although a lot of field observations, experimental and numerical research results show the 

existence of remote cracks and great dangerousness for the engineering safety, there seldom exists 

reasonable theoretical explanation for the producing mechanism the distribution laws of remote 

cracks so far [6]. Only when these two aspects of remote cracks are well-known by geotechnical 

technologists, the reasonable and economical support can be designed. In the present study, this 

question will be discussed using numerical analysis code, called RFPA
2D

 (Rock Failure Process 

Analysis) again, which may be very helpful for understanding the remote cracks of rock surrounding a 

tunnel. 

© (2011) Trans Tech Publications, Switzerland
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Fig. 1: Three types of cracks 

Brief introduction of RFPA
2D
 

Herein, Rock Failure Process Analysis code (abbreviated as RFPA
2D

) [7] are introduced and 

adopted for the failure analysis of material surrounding a circular hole. This numerical method of 

RFPA
2D

 has also validated by the reasonable agreement between Hoek’s experiments and numerical 

results for the failure process and fracture mode of material surrounding a circular hole [6]. 

The basic elements of RFPA
2D

 model can be generalized as follows [8]: (1) by introducing 

heterogeneity of rock material properties into the model, RFPA
2D

 can simulate nonlinear deformation 

of a quasi-brittle rock with an ideal brittle constitutive law for local material; (2) by introducing a 

reduction of material parameters after element failure, RFPA
2D

 can simulate strain-softening and 

discontinuum mechanics problems in a continuum mechanics mode; (3) by recording the event-rate of 

failed elements, RFPA
2D

 can simulate seismicities associated with progressive fracture process. For 

more detailed descriptions of RFPA
2D

 model, please refer to related published literature.  

Numerical model descriptions 

Numerical model, which is similar to Fig. 1, is abstracted from a horizontal circle practical tunnel. 

There just exists one difference that the bottom of numerical model is fixed so as not to move in the 

vertical direction. Eight models with different confining pressure coefficients (Ratio between 

horizontal / vertical applied stress, labeled as k in this paper) of 0, 0.05, 0.1, 0.15, 0.25, 0.33, 0.75 and 

1 were conducted to model the progressive fracturing processes for surrounding rock of a tunnel. 

The numerical model in two-dimensional square with a hole in the center was discretized into 

240×240=57,600 elements. The geometry of the block is 150mm × 150 mm in size while the diameter 

of the hole is 35 mm.  

On account of the heterogeneity of rock material, the element local mechanical parameters such as 

uniaxial compressive strength σc, elastic modulus E0, etc. (as listed in Table 1) are assumed to follow 

Weibull’s distribution [9] which is defined as follows: 

( )
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=

− mm

m
m

0

1

00

exp,
α
α

α
α

α
αφ                                                                                              (1) 

Where α is a certain single element parameter, α0 is the mean value of the element parameter and m 

is the shape parameter of distribution function which is referred to as homogeneity index [7]. A larger 

m implies a more homogeneous material and vice versa. Element failure is judged by a Coulomb 

criterion envelope with a tension-off, which is called as revised-Coulomb criterion [10]. When stress 

in an element satisfies with this failure criterion, the element becomes damaged either in tension or 

shear mode. A load with a value of 5 MPa is firstly applied in the vertical and then an increment with 

a value of 1 MPa is added on it step by step while the initial value and increment of horizontal lateral 

pressure are assigned according to confining pressure coefficient k.  

Remote crack 

Shear crack 

Primary crack 
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Table 1. Material mechanical property-mean value 

Parameter value 

Homogeneity index (m) 4 

Poisson’s ratio  (µ) 0.25 

Elastic modulus (E0) 60,000 (MPa) 

Compressive strength (σc) 200 (MPa) 

Tensile strength (σt) 20 (MPa) 

Friction angle (φ) 30° 

Tension cut-off 10% 

Residual length coefficient (λ) 0.1 

Numerical results of failure patterns 

The shear stress distribution of surrounding material around a hole with different confining pressure 

coefficients are shown in Fig. 2. The degree of brightness in the picture indicates the value of shear 

stress. The brighter the element appears, the larger the stress is. In the Fig. 2, “S” denotes the shear 

crack. “Ri” denotes the remote cracks far away from the hole boundary and the subscription represents 

the time sequence of occurrence, that is to say, remote crack “R2” occurs after remote crack “R1”. 

From the Fig.2, it can be found that ① the primary tensile cracks occurs in the roof and floor part of 

hole when the lateral pressure coefficient k is less than 0.33; ② when 0<k<0.33, after the primary 

tensile cracks propagate for a certain distance, the remote cracks occur in the remote region from the 

hole. The minimum distance of remote crack from the hole boundary is more than 0.5r (“r” denotes 

the radius of hole). The remote cracks are arrayed in en echelon forms, propagating inside into the 

deep intact part of rock mass. ③ when 0.33≤k<1.0, no tensile cracks occur in the roof and floor while 

dog-eared shear cracks occurs on two sides of hole, the high concentration zones of shear stress. Then 

the shear cracks develop into the deep part of rock mass and the hourglass structure is formed after the 

whole failure; ④ when k=1.0, dog-eared shear cracks happen all around the hole. 
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Fig. 2: Numerical results of failure patterns under different lateral pressure coefficients 

Discussion on producing mechanism and distribution laws of remote cracks 

Remote cracks are resulted by the connection of many micro vertical tensile cracks and some rather 

intact parts exist between micro tensile cracks, denoted by the arrowhead in the Fig. 3. Therefore, the 

remote cracks are considered to be induced by tensile stress; however, several micro cracks parallel to 

the shear stress plane exist. So the failure surface of remote cracks is coarser than that of shear fracture. 

Consequently, it can be concluded that the remote cracks are a kind of tensile-shear cracks. Lajtai et al. 

[2] had named it as secondary tensile and inclined shear cracks according to their experiment results. 

 
Fig. 3: Local magnification of remote cracks 

Table 2 summarizes the geometrical distribution parameters of remote cracks under different 

lateral confinement. Fig. 4 represents the sketch map of the distance of remote cracks from the 

circular hole boundary. 

It can be found from Fig. 4 that the distance of remote cracks from the hole center are about 1.5r, 2r, 

2.8r except the models with lower lateral confinement of k=0.05 and k=0.1. 

It is interesting that Курленя М.В. and Опарин В.Н. [11] also found that the location of 

disintegration radii through in-situ field observation are followed by the distribution laws of ( ) 1

2
−i

r 

(i=1, 2, 3, 4) (“r” denotes the radius of hole). Li et al [12] and Xu et al. [13] also found the distribution 

results of zonal disintegration by the method of boring television imager and electrical resistivity. But  
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Table 2. Geometrical distribution parameters of remote cracks under different lateral pressures 

 

                               Lateral pressure coefficients 

Geometrical parameters 

k=0.05 k=0.1 k=0.15 k=0.25 

d1: the distance of remote crack R1 from the hole center 1.98r *
 

2.02r 1.53r 1.57r 

d2: the distance of remote crack R21 from the hole center 1.92r 2.71r 2.19r 1.70r 

d3: the distance of remote crack R3 from the hole center 2.64r  1.61r 2.18r 

d4: the distance of remote crack R4 from the hole center   2.14r 2.28 

d5: the distance of remote crack R5 from the hole center   2.86r  

β1: the angle of remote crack R1 deviated from vertical direction 22.5 º 38.6 º 45º 38.6 º 

β2:the angle of remote crack R2 deviated from vertical direction 45º 45 º 45º 26.5 º 

β3: the angle of remote crack R3 deviated from vertical direction 45º  45º 45º 

β4: the angle of remote crack R4 deviated from vertical direction   45º 45º 

β5: the angle of remote crack R5 deviated from vertical direction   45º  

* r denotes the hole radius 

0.
5r

r

1.
8r

0.5rr

1.8r

 
Fig. 4: Sketch map of distribution location of remote cracks 

 

what is reason for this special distribution laws, it has not be known so far. Rock scholars should do 

more research on it. 

From Fig. 2, it can also be found that primary tensile crack is one necessary condition for the 

occurrence of remote cracks for circular geotechnical engineering structure. When the tensile cracks 

occur, remote cracks formed later in the remote tensile and shear stress regions under a certain 

confinement.  

Conclusions 

Through the numerical simulations on fracture modes of geotechnical material containing a hole 

under different lateral confinements, it can be found that:  

 ① Under a certain confining pressure, primary crack, remote crack and shear crack can be 

observed simultaneously in the same sample.  

② When the lateral pressure coefficient is satisfied that 0<k<0.33, the remote cracks in en echelon 

forms occur in the remote region from the hole.  

③ Remote cracks are induced by the connection of many micro vertical tensile cracks. The 

distribution laws of remote cracks are followed by the modulus ( ) 1

2
−i

r (i=1, 2, 3, 4) (“r” denotes the 

radius of hole). 
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Abstract. Frequency response function (FRF) is a fundamental dynamic index, which is capable of 

reflecting structural dynamic properties using full-spectrum information. In spite of distinct merits 

over conventional modal parameters, the FRF has an observable drawback of multi-dimensionality, 

unsuited for damage characterization. Such a situation motivates an interesting subject, i.e., extracting 

low-dimensional, high-sensitivity damage index from the FRF. This study focuses on developing a 

valid damage index, called FRF change ratio, to detect extension of damage. An experiment towards 

cantilever beams is systemically conducted. The results show that the FRF change ratio can 

effectively reflects damage extension, and it is more sensitive than conventional natural frequencies. 

This new damage index holds promise for practical damage detection in beam-like structures. 

Introduction 

Structural health monitoring and damage detection have become a research foucs in the last decade in 

civil community. Detection of damage extension is of important significance for avoiding 

catastrophic incidents
[1]
. Nowadays, the advanced technologies of sensing, signal processing and 

dynamic system identification provides a chance to develop new methods for detection extension of 

structural damage. Damages may change structural physical properties (mass, stiffness and damping), 

resulting in changes in structural dynamic properties
[2]
. Frequently used damage indices include FRF, 

natural frequency, mode shape, strain mode shape, curvature mode shape, modal assurance criterion 

(MAC) and coordinate modal assurance criterion (COMAC), et al.
[3]
. Among these features, the most 

fundamental one is the FRF, from which the other damage indices are yielded with some reduction of 

damage information. Natural frequency is a conventional damage feature with the major advantages 

of high precision and lower cost in acquirement and disadvantages of insensitivity to slight 

damage
[4-5]

. Joshi 
[6] 
explored the relation between natural frequency and structural damage under 

various boundary conditions. Salawue
 [7]
 provided a comprehensive review on existing theories and 

methodologies for use of natural frequency in damage identification.  

The FRF carries more damage information than natural frequency. Schulz M J
 [8]
 and Park N G

 [9]
 

successfully detected the location of a damage in beams by using FRF; Z S Wang 
[10]

 performed 

detection on multiple damages in beams based on the FRF. In spite of more damage information in 

FRF than other damage indices, multi-dimensionality is still an obstacle decreasing its applicability in 

damage identification applications. This situation poses an interesting research subject, i.e., how to 

extract low-dimensional, high-sensitivity damage features from FRF. The goal of this study is to 

establish a damage index derived from FRF for reflecting the extension of damage. An experiment of 

detecting extension of a crack in cantilever beams is conducted in detail to validate the damage index 

proposed.  

Formulation of Damage Index 

With a complex harmonic force j te ω
f , the equation of motion for a multi-degree of freedom (DOF) is 

given as  

© (2011) Trans Tech Publications, Switzerland
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                                                                          +   =  j tM C K e ω+x x x f�� �
                                                        （1） 

where M , C  and K  denote the mass, damping and stiffness matrices, respectively, x  is the 

dynamic response. Represent x( )  =  u j tt e ω . Substituting x  into Eq. (1) yields  

                                                         2(     )   =  K M j Cω ω− + u f                                                         （2） 

Solving Eq. (2) gives 

                                                           2 1  = (     )  K M j Cω ω −− +u f                                                   （3） 

Get FRF expression from Eq. (3):  

                                                        2 1( )  = (     )H K M j Cω ω ω −− +                                                     （4） 

Clearly, ( ) H ω is related to K , M andC . This fact implies the change in structural properties 

necessarily alter the FRF and therefore the alternation of FRF can be used to identify the change ofK , 

M andC .  

Generally, assume damage alters structural stiffness from  K to ( ) K δ− , leading to  

                   2 1( )  = (( )    )dH K M j Cω δ ω ω −− − +
�

                                         （5） 

where the superscript d indicates the condition of damage.  

The effect of damage is represented as  

   ( )  = ( ) ( )dH H Hω ω ω∆ −
�

                                                  （6） 

H∆ reflects damage over the continuous spectrum range of interest, including modal and 

non-modal information. A damage index, called FRF change ratio, is defined as:  

                                                     
0

1 ( )
( )  =

( )

H
D

N Hω

ω
ω

ω

∞

=

∆
∑                                                          (7) 

where N represents the number of spectrum line.  

For experimental modal analysis, a FRF is expressed as: 
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i
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j
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H

F

ω
ω

ω
=                                                               （8） 

where ( )F ω  and ( )X ω  are the Fourier transform of excitation and acceleration dynamic response, 

respectively.  

In practical damage detection, a limited range of spectrum, [0ω ], is available. Correspondingly, 

the FRF change ratio is written as  

0

( ) ( )1
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                                            （9） 

When damage extends progressively, the FRF change ratios at different damage stages are in the form  
,

0

( )   ( )1
( )  =

( )

d k

ij ijk

ij

ij

H H
D

N H

ω

ω

ω ω
ω

ω=

−
∑

�

                                          （10） 

where , ( ) 
ij

d kH ω
�

and ( ) 
ij

kD ω are the FRF and the FRF change ratio at damage level k.  

( ) ,  1,  2,  
ij

kD kω = � , reflect the extension of the damage.  

Experimental Procedure 

A rectangular cantilever beam with a uniform section is used as experimental model. Each beam 

specimen of Steel Q235 is specified with Length (L) 0.6m, width 0.012m, height 0.019m, density 

7750 kg/m
3
, elastic modulus 1.84 × 10

11 
Pa, and Poisson ratio 0.3. Numerical-control wire cutting 

machine is employed to generate cracks with tungsten filament of 0.16mm. The actual cracks spread 

between 0.16mm to 0.18mm due to some uncertainties in the experiment. A single crack with various 

severities in a beam is considered to simulate the extension of the crack. Cracks with crack location 
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ratios ( β ) from the clamped end, 3.3%, 26.7%, 46.7%, 66.7% and 86.7%, are considered, and for 

each crack, the crack depth ratios (α ) of 10%, 20%, 30% and 40% are considered.  

The lengths of the fixed and cantilevered portions of the beam are 100 mm and 500mm, 

respectively. Hammer impulse imposed near the free end of the beam is carried out to generate 

acceleration responses. The acceleration responses are collected with sampling frequency 12800 Hz 

and 65536 sampling (5.12s). The resulting resolution of frequency 0.1953Hz, which is adequate for 

damage identification. The FRFs acquired are denoised using wavelet technique, which gives rist to 

denoising effect is illustrated in Figs. 3 and 4. 

 

                          
                            Fig. 1 Data collecting system                          Fig. 2 Set-up for testing 
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                              Fig. 3 FRF before denoising                           Fig. 4 FRF after denoising 

Detection of Damage Extension 

A sequence of FRF change ratio ( ) k

ijD ω are used to depict extension of a crack.  The supremum of ω  

is 2100ω = Hz, covering modes from order 1 to order 4. The variations of FRF due to progressive 

increase of crack depth ratios from 10%α =  to 40%α =  are illustrated in Figs. 5 and 6. Clearly, the 

crack extension can be characterized by the increased deviations between , ( )d k

ijH ω
�

 and ( ) ijH ω . 
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   (c) 30%a =                             (d) 40%a =    

Fig. 5 Variations of of FRFs due to crack extension for crack case of 1 3.3%β = . 
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Fig. 6 Variations of of FRFs due to crack extension for crack case of 2 26.7%β = . 
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Fig. 7 Variations of of FRFs due to crack extension for crack case of 3 66.7%β =  

The FRF change ratios corresponding to three representative crack locations are listed in Table 1.  

For a crack location, the FRF change ratios increase with the augment of the depth of a crack, 

demonstrating the effectiveness of FRF change ratio in quantitative characterizing the extension of a 

crack. In addition, for a crack extent, the FRF change ratios decrease with the distance of crack 

locations approaching the free end, implying the FRF change ratio is affected by the crack location.  

For comparison, the change ratio of natural frequencies is given as 
,

0

1
( ) ,  1 4

d k
k i i
i

i

D i
N

ω

ω

ω ω
ω

ω=

−
= = −∑ . 

Fig. 8 provides the performance comparison of two change ratio indices with respect to FRF and 

natural frequency. Obversably, the former outperforms the latter significantly. 
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  Table1   FRF Change Ratios (%) for various damage cases 

Cases       10%a =        20%a =        30%a =        40%a =  

         

β1=3.3%                     28.7                        51.5                       72.7                      118.6 

β2=26.7%        29.7                         44.7                       63. 1                     109.4 

 β3=66.7%        26.3                         43.2                       53.3                      75.5 
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Fig. 8  Comparison of change rates for FRF and natural  

4. Conclusions 

In this study, a new damage index, FRF change ratio, is established and its characteristics are 

examined in the experiments on detecting crack extension. The results show that the FRF change ratio 

outperforms conventional natural frequency in characterizing crack. The FRF change ratio holds 

promise for practical applications in damage detection for beam-like structures. 
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Abstract. This paper presents a level set method for image restoration. In the light of the loss of image 

quality caused by occlusion or part stain, it adopts the method of picking-up image level sets and 

filling in level sets of occlusion to reconstruct the image. In the process of linking level lines, besides 

the traditional geodesic curves, it makes use of the Meaningful beeline detection technique. The 

experiment results show this method is of great importance in the preservation of images. 

1 Introduction 

In the process of image production and transmission, we usually can’t get the expected image quality 

due to the imperfect equipments and physical limitation. For example, the relative movement between 

photography equipment and the objective as well as the influence of air current during aviation 

shooting can both lead to the obscurity of image. And the long period in the management of files and 

preservation of photos can also cause loss of image quality. This kind of phenomena often occurs in 

some fields of applied science and engineering. Therefore restoration of the original image is 

extremely important. 

In image restoration, it is necessary for us to find the reason of image damage so as to restore the 

original image. Generally speaking, image damage is caused by noise, and in this case, the restoration 

is mainly to denoise. Many mature linear filter wave techniques have been used in denoising and 

restoring image. However, the pure linear techniques can’t get satisfactory results. Though the filter 

can effectively get rid of noise, the border will be blurred. As a way of improvement, the non-linear 

techniques have done a good job. The Wavelet and Partial Differential Equation are the 

commonly-used methods. 

In another commonly-seen circumstance, the image is partly occluded by other objects, and at that 

time, restoration means disocclusion, which is frequently applied in file management and old picture 

storage [1]. Part stain may occur due to the long period of storage. However, the research in this aspect 

has just begun. AMLE [2] (Absolute Minimal Lipschitz Extension) proposed by V. Caselles has 

achieved better results in image restoration. 

This paper introduces an image disocclusion method based on level set. The level set method [3, 4] 

proposed by S. Osher has good geometry interpolation. To transform gray interpolation to curve 

interpolation, the method has great influence in image processing. And it has achieved good results in 

image restoration and denoising, edge detection, and image recognition. This paper analyzes the level 

set of the occluded image and then it adopts the Meaningful beeline detection technique [5] and 

geodesic curve [6] to connect the broken level lines so as to restore the image. The experiment results 

prove this method has good effect in image restoration and is applicable in file management and 

picture preservation. 

2 Image Model and Level Set 

2.1 Occluded Image Model 

Assume )(0 xu is the original image without occlusion, Ω is the occluded part in the image, )(xu is 

the occluded image, and )(xuΩ is the occluding object, then  
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0

( ) ( )
.

( ) ( )

u x u x if x

u x u x otherwise

Ω= ∈Ω


=
                                                                                                                    (1) 

As shown in Fig. 1. 

        

(a)                                     (b) 

Fig. 1 image model (a) original image( 0 ( )u x ) (b) occluded image( ( )u x )  

What it should be done now is to start from )(xu and try to restore the image so as to make the final 

image resemble the original image )(0 xu . 

2.2 Limitation of Ω 

In this paper, Ω is given because in the file preservation the occluded part has distinct features, which 

can be spotted by some chemical and physical methods in file preservation. We hope the occluded part 

shouldn’t be too complicated, such as the finitely perimeter, otherwise, we can select a set Ω⊃E , 

which meets the condition: δδ <Ω>∀ ),(,0 EdH , and Hd  is hausdorff distance. Then, we can select 

E  instead of Ω. Therefore, we can assume that Ω is open, bounded and simply connected and we 

denote by ∂Ω  its boundary which we assume to be a Jordan curve. There exists a simple rectifiable 

curve Γ  arbitrarily close to Ω such that the one-dimensional restriction u~  of u  to Γ  has bounded 

variation and such that the level lines of u are transverse to Γ , namely ∫Γ ∞<
h

dHu 1~ , and 1H  is the 

hausdorff measure. Let x  be a boundary point in Γ , we can define an average direction 

1

, 1

1
( ) : .

( )
B

B
x dH

H B λ
λ λ λχ

λ

ν ν νχ
χ ∂

= =
∂ ∫ ∩∩

                                                                                                    (2) 

Where 00 ),,( rrxBB =  is such that 0),( rd >ΩΓ  and λνχ  denotes the outer normal at every point of 

the reduced boundary. 

2.3 Level Set and Disocclusion 

As to image )(xu , 2Rx∈ , we define its λ -level set as a set, })(:{ λχ λ ≥= xuxu  whose boundary is 

level line. All the level lines of a function completely describe its information, which can be 

illustrated by }:sup{)( uxxu λχλ ∈= .   

When the original image is partly occluded by other objects, its level lines will break up in the 

boundary of occluded area Ω . Disocclusion is to connect the broken level lines in Ω . The level lines 

in this area can be got according to the level lines in the boundary. What we will do now is to connect 

the level lines of the same value without intersection. That is to fill in the occluded area with level 

lines.                                                                                                                  
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3 Energy Formula 

There are several different solutions in connecting the level lines. In order to get the unique solution 

which resembles the original image most, namely the optimum solution, we set the minimum energy 

on boundary curves Ω∂  as a standard. M. Nitzberg [7]
 
puts forward an energy formula, 

∫ += ))(1()(
p

ucurvDuuE , 1≥p . We adjust E  and make it accord with the situation in this paper. 

We need a disocclusion which resembles the function of the original image at most. In fact, according 

to disintersectant set of boundary interpolation level lines, we can easily reconstruct a single function 

u , whose level lines coincide with the boundary almost everywhere. 

In order to solve the disocclusion problem we need to distinguish the cases when 1=p  and 1>p . 

If 1>p ，the curvature of γ at t  is given by 

3

det( ( ), ( ))
( ( )) .

( )

t t
curv t

t

γ γ
γ

γ

′ ′′
=

′
                                                                                                          (3) 

and its absolute value can be written with respect to arc-length as 

( ( )) ( ) .curv s sγ γ ′′=                                                                                                                        (4) 

In order to deal with those curves of null length whose endpoints coincide on Γ , namely 

0,)1()0(
2

2

==Γ∈=
dt

d

dt

d γγ
γγ  everywhere in (0, 1), we can define the energy 

( )

0
( ) 0(1 ( ) )

( ) .
(0), (0) (1), (1)

l p

p

if ls ds
E

otherwise

γ
γγ

γ
τ γ τ γ

 ′′ >+
= 

′ ′〈 〉 + 〈 〉

∫                                                                                          (5) 

where ⊥⊥ == ))1(()1(,))0(()0( γντγντ λλ , )(γl is the length of curve γ . 

The case 1=p  must be treated apart since the space 1,1W  lacks of fair properties of the space 
pW ,1 . In order to make up these shortcoming, we can adopt the following method: Ω∂∈∀x , we 

define the line of level λ  arriving at x  as the segment ),( λxS  of length 1<<α  making the angle 

)0(τ  with Γ  at x . We associate the curve 2]2)(,0[:~ Rl →+ αγγ  with respect to arc-length such 

that 
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Finally we define the energy of γ  as 

( ) 2

1
0

( ) (1 ( ) ) .
l

E s ds
γ α

γ γ
+

′′= +∫ �                                                                                                           (8) 

4 Image Interpolation 

What we should do is to connect the level lines with the same value on Ω∂ , and make the lines cross 

the occluded area. After connecting all the level lines, the image information will be restored 

according to the level lines. One simple way to connect level lines unintersectantly is to use beelines 
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or pine curves, but this way will destroy the image content and can’t achieve the purpose of restoring 

image. Therefore we employ geodesic curves to connect the broken level lines [8]. If there is 

something unusual on the level lines of the boundary, such as the level lines are the vertical lines of 

the boundary. As shown in Fig. 2:  

 

Fig. 2 unusual level lines 

The circle area is the occluded area. The two beelines out of the circle are the level lines with the same 

value of the occluded image, and the curve in the circle is the geodesic curve connecting the level 

lines. Obviously, in this case, the level lines of the original image should be the two beelines in the 

circle. If we connect them with geodesic curve, there will be a big windage. According to this 

situation, we can use the meaningful method to detect the beeline information of the image. If there 

are no beelines, we can connect level lines with geodesic curve, otherwise we can extend the beelines. 

This method will have good effect when the occluded area includes sharp gray degrees. 

From the above, we can get λ -level set of Ω , and denote it as λχ . Then we define the 

reconstructed function,  

, ( ) : sup{ : }dx u x x λλ χ∀ ∈Ω = ∈                                                                                                      (9) 

Finally we define the reconstructed function related to u as 

2( ) \
( ) .

( )
r

d

u x if x R
u x

u x if x

 ∈ Ω
= 

∈Ω
                                                                                                    (10) 

We call p -disocclusion of u  with respect to Ω  any reconstructed function )(xud  obtained like 

above and such that the associated set of curves, denoted by D  has finite total energy 

( ) ( ( , )) .p p

x

E D E x dγ λ λ
ℜ

∈∂Ω

= ∑∫                                                                                                         (11) 

For simplicity we shall also callD  a disocclusion. According to the knowledge of function, we can 

draw the conclusion as follows: Let 2R⊂Ω  be an occlusion and ,),\( 2 MuRBVu <Ω∈  then there 

exists a 1-disocclusion of u  with minimal energy and the reconstructed )( 2RBVur ∈ , if 1>p , and 

there is a finite number of level lines on Ω∂=Γ , then there exists a p -disocclusion of u with 

minimal energy and the reconstructed function )( 2RBVur ∈ . 

5 Experimental Results 

    

 (a)                                    (b)                                   (c)                                   (d) 
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               (e)                                  (f)                                    (g)                                  (h) 

Fig. 3 experiment results (a) original image (b) occluded image (c) use median filter (d) use our 

algorithm (e) original image (f) occluded image (g) use median filter (h) use our algorithm 

Our approach is evaluated on two testing images, as shown in Fig. 3 (a) and Fig. 3 (e). Fig. 3 (b) and 

Fig. 3 (f) are the corresponding occluded images which have some occluded areas. The results of 

using median filter are shown in Fig. 3 (c) and Fig. 3 (g). Fig. 3 (d) and Fig. 3 (h) are the results of our 

algorithm. It can be observed that our algorithm has better effect. 

6 Conclusion 

This paper puts forward a method using level set to interpolate the occluded area of an image to 

restore the image. Together with the experiments with other occlusion and other images, the method 

mentioned in this paper proves to be of better effect, and is applicable in file management and photo 

preservation. Meanwhile, compared with the result using middle filter algorithm, the method in this 

paper has better restoring effects. 
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Abstract. As time goes by, hazard rate of the society would increase if crime prediction was not 

implemented. Based on objective factors of offenders and victims characteristics, AHP method can 

be established to get a quantitative and qualitative analysis on crime prediction. Crime prediction is a 

strategic and tactical measure for crime prevention. According to AHP analysis, two prediction 

models of the optimal predictive crime locations are put forward. Standard Deviational Ellipses 

Model and Key Feature adjusted Spatial Choice Model were formulated to account for the anticipated 

position with various elements from AHP method. These models could be applied in a computer 

simulation of situation tests of the series murders. Besides, applying those models in certain real case 

demonstrates how the models work. Through models comparison, the results are summarized that 

Key Feature adjusted Spatial Choice Model is more conducive in confirming the guilty place. In 

conclusion, the suggested models, including detailed criminal map, are easy to implement. 

Introduction 

During the past few decades, interest in environmental criminology, spatial crime analysis and the 

investigation of offender movement patterns searching “geographical profile” has grown. The break 

can be defined as the use of the geographic imagination in concert with the sociological imagination 

to describe, understand and control criminal events. According to Brantingham, P.J., and 

Brantingham, P.L, this change is characterized by at least three shifts [1] in perspective. 

First, a significant shift from the tendency of academics to keep their research contained within 

their own specific discipline, as environmental criminologists and environmental psychologists 

introduced techniques and knowledge from different disciplines like geography and geographical 

information science into their research. Second, a shift from the traditional search for causes of 

criminal motivation, in which it was simply assumed that people are criminally motivated. The focus 

is now on the criminal event, to find and explain patterns in where, when and how crimes occur. 

Third, a move is from the sociological imagination of crime to the geographical imagination. In 

summary, the field of environmental criminology includes studies of the spatial patterning of crime at 

different levels of aggregation, the processes by which potential offenders recognize potential crime 

sites and specific opportunities, and the creation and maintenance of areas of criminal residence [2]. 

In reality, searching for criminals often have to depend on "profiling", the psychological level can 

tell who is the offender and the descriptions of the geographical profile aim to delineate the 

geographic ,that is where is the place to the offender commit a crime next. Then search will have a 

hypothetical mathematical model and search the spatial distribution problem deeply. 

Pre-modeling 

The Data Processing 

At first, it has to focus on methodological aspects and apply a trivariate Weibull survival model 
using competing risks concept to predict 3 types of crimes – gender, violence and others. Analytic 
Hierarchy Process is a decision-making method through combining qualitative and quantitative 
analysis. The offender and victim , separated as two properties and the features, are checked (refer 
with Fig.1). 
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Features Analysis 

The entire target range of factors are determined, as well as within the scope of the relation various 
elements. From Fig.1, the most important observable features of offenders are gender, ethnicity, age, 
height, build, hair color, hair, length, and facial hair. Combinations of these features were used to 
construct offender profiles. Offense and victim features were compared with offender features. There 
was much significant regularity. Offense profiles based on location and site are compared with 
offender profiles based on address, age, gender, and ethnicity. Address–age–gender victim profiles 
were compared with address–age–gender–ethnicity offender profiles. 
Try to construct and calculate a comparison matrix [3].Then obtain a relative weight value by the 

correlation between two factors. 
The improved AHP decision-making methods are used for analyzing and assessing the place of 

crime prediction associated parameters. The next step is to make use of the result to answer this 
question and give a brief overview of the growing significance of location-based approaches in 
criminology according to the each parameters relative weight and sort. 
The following model will demonstrate the performance improvement of adding dimensions of 

preferences discovered through feature space analysis[4],then future crime locations based on the 
features of past crime data about three cases of Peter Sutcliffe, ‘green river killer’ Gary Ridgway and 
‘Co-ed Butcher’ Edmund Emil Kemper respectively is predicted. 

The Location Prediction Model 

The Hypothesis and Development of Model 

Newton’s circle-based geoforensic analysis technique [5] is a practical method for measuring the 
range of the crime scenes. The dim scope of the crime scenes was confirmed by applying circular 
model [5]. It could be found that major crime scenes were contained by a circle.  
However, circle-based geoforensic analysis isn’t suitable for a non-uniform arrangement of a 

series of criminal activities, because the shape of those crimes’ geographical profile is irregular. 
Considering this factor, the conformation of the original model is needed to change. As a result, an 
ellipses model [6] is put forward. 
This model calculates both the location and dispersion of linked crime scenes committed by a 

localized serial offender. The approach was developed on the premise of that an area encircled the 
geographic centre of a crime distribution. To provide a search parameter for this effect, the algorithm 
generates a circular search area with a radius defined by the extent of the two furthest crime scenes in 
the sequence. As each new crime scene is added, the size of the search area is reduced. 
Develop the standard deviational ellipses model: 
Confirm the origin of the ellipse: 
Along the x-axis and y-axis, the ellipse’s major and minor axes are determined by measuring the 

distribution’s data so that axises are orthogonal to each other:  )()( yyyandxxx −=′−=′      (1) 

 

Figure 1. The Impact Of Model Parameters On Geographical Profile 

886 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

where the mean, x  and y , are subtracted from each of the original x and y coordinates to give the 

transposed coordinates denoted by x′ and y′ .  
Determine the angle of rotation along the x-axis and y-axis so that the sum of squared differences 

is minimized: 













′′

′′+′−′+′−′
=

∑
∑∑∑∑∑

)(2

)(4)()( 222222

yx

yxyxyx
ARCTANθ

                                       (2) 
whereθ is the angle of rotation observed in the distribution. 
Calculate the data along the transposed axes 
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where xs and ys are the standard deviations parallel to the x- and y-axis of the ellipse, and n is the 

number of points in the given sequence. 
Finally, the elliptical search area is reduced in accordance with Newton’s hypothesis: 
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 where xs′ and ys′ represent the final standard deviations on the major and minor axes, respectively, 

and where n is the number of incidents in the sequence. 

Key Feature Adjusted Spatial Choice Model 

Spatial choice is a procedure that individuals use to decide a specific site in space to meet their 
objectives. Criminals choose potential sites in space to commit crimes. Their choices show certain 
patterns over a geographic region. The geographical sites form a universal spatial alternative set A. 
Individuals will make a choice from the optional position. The spatial alternatives in choice set A 
have some specific characteristics, which make the spatial choice process unlike from other optional 
processes. First, the spatial choice process is a discrete procedure. The number of alternatives, N, will 
be restricted. Second, the spatial alternatives have relatively stable positions during the choice 
process. 
Spatial choice problems can be stated as a sub-optimal or locally optimal challenge. Concerning 

individuals’ hierarchical information processing, individuals make spatial choices from alternatives 

with features that they have evaluated dA A⊆ . The choices individual d making will most possibly 

have the highest utility among all alternatives in choice set Ad. Some methods are proposed to identify 
or estimate the probability that an alternative ai is considered by individual d, P (ai | M, d). 
During the identification of an individual’s choice set, two factors are considered in his spatial 

choice procedure: 1) the utility of option to individual d, and 2) the possibility that an option is 
accessible or considered by individual d. Since the number of alternatives in a spatial choice problem 
is large, it is possible that some choices can have higher utility values but are never considered. If the 
two factors are equally significant for the individuals’ selection, then the combination 

of ( )i dP a A∈ and the utility of alternative to individual d, Uid, can give a better estimate of the 

likelihood of alternatives. The probability that individual chooses alternative from choice set can be 

stated as ( ln ( ), ) ( )id jd j d j j dP U U P a A all a A P a A> + ∈ ∈ ∈ . Under the extreme distribution 

assumption, the spatial site selection model, which is based on the factors weight from AHP Method 
using same derivation as McFadden [7] and Fortheringham [8], are got. 

exp( ( , )) ( )
( , )

( exp( ( , ) ( )))
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i i d
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V d s P a A
∈

⋅ ∈
=
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                                             (5) 

This model is a multinomial logit model where each alternative’s observable utility is weighted by 
the probability that the alternative is evaluated. 

The Solution and Checking of Model 

1) Method 1: The standard deviational ellipses model 
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The data used in this analysis were selected from a database of Peter Sutcliffe which consists 13 
solved serial crimes that occurred in Baltimore County, MD, between 1994 and 1997. 
Calculate the relative outcomes from the database: 

The position of elliptical search area:   0352301.00126839.0 =′′=′′ yx sands                 (6) 

The probability P of elliptical model is the proportional of scene spots in the elliptical to the total 
scene spots:  P=0.72                                                                 (7) 
It could be found that the probability shows the accuracy of this model. 
2) Method 2: Key Feature Adjusted Spatial Choice Model 
In order to classify the criminal details in gender, age, preference, income, marriage and religion, 

Analytic Hierarchy Process Method put the above parameters into Key Feature Adjusted Model. 
Based on all above parameters, and the location data set of “Co-ed Butcher Edmund Emil Kemper” 
was used, a prediction Map is generated in MATLAB. 
According to the figure, the probability of the 29th geographic profile was obviously obtained, 

where the locations in relative high possibility are Bethlehem, PA, United States and Pluckemin, NJ, 
United States. Police searching for the case should focus on the above two regions, in those places the 
criminal is most likely to be active. 
3) Model Comparisons of Two Methods 
Using the testing data set of the case of Peter Sutcliffe between September, 1969 and November 

17, 1980, the estimation of the three models based on the factor weight from AHP Method is 
obtained. From the estimation results, by comparing the prediction data with practical data, 
predictions of future crime locations are made. Another testing data set of the case of “the green river 
killer Gary Ridgway” contains incidents between August 15, 1982 and June 1, 1986. The testing 
incidents and data validation for Standard Deviational Ellipses Mode, Spatial Choice Models and 
Key Feature Adjusted Spatial Choice Model are displayed in a and b in Fig.2. 

 
To compare diverse models, the predictions of the three models (Standard Deviational Ellipses 

Model, Spatial Choice Models, Key Feature Adjusted Model) are standardized. Under the hypothesis 
of all future crime incidents, the proposed model, Key Feature Adjusted Model, will statistically 
outperform the comparison model. 
Model Comparison Results: 

Table 1. Testing Data Set  (The case of Peter Sutcliffe 7 / 5 / 1975 – 11 / 17 / 1980) 

 Mean Std. Dev t-Statistic p-Value 

Spatial Choice Models vs. Standard 

Deviational Ellipses Model 
0.295455 0.406828 -2.408667 0.010238 

Key Feature Adjusted Model vs. Standard 

Deviational Ellipses Model 
0.136364 0.375494 -1.20446 0.117578 

Key Feature Adjusted Model vs. Spatial 

Choice Models 
0.159091 0.314185 1.679409 0.050249 

 

     
a                                                     b 

Figure 2. Verification of Standard Deviational Ellipses Model and Key Feature Adjusted Model with crime 
incidents from Sept, 1969 to Nov 17, 1980 
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The comparison results above indicate that the two spatial choice models dramatically outperform 
the Standard Deviational Ellipses Model. Furthermore, the Key Feature Adjusted Model improves 
the prediction results over spatial choice model significantly. On the ground of previous studies [4], 
the key feature space density estimation gives a better prediction than space density estimation does. 
In accordance with the specification of priors in feature space over all alternatives in choice set, a 
more efficient and accurate method for predictions of criminal’s future spatial choices are provided. 
This result has clear implications. 

Conclusion 

Police detect series crimes usually begin with collecting the proof from the crime scenes and then 
statistics offenders and victims’ characteristics and environmental factors. The features mainly 
include gender, ethnicity, age, height, build, hair color, and facial hair, work, martial statue. 
Police should proceed with the factors. Within the scope of the relation, various elements 

regarding as parameters are important to our two models for “geographical profile”. Then a 
computerized offender profiling system can be recommended, based on criminological theories and 
empirical data about statistical regularities linking the characteristics of offenders, offenses and 
victims. 
The simulated result by Standard Deviational Ellipses Model and Key Feature Adjusted Model 

shows that the latter one is a more conducive method to predict geography. Owing to the crime 
analysts use real data with methodologies like aggregate crime rate analysis, space point process 
modeling to analyze and predict the spatial patterns of crimes. It can narrow the scope of crime 
location. Predicting future crime locations based on the features of past crime data about three cases 
of Peter Sutcliffe，  ‘green river killer’ Gary Ridgway and ‘Co-ed Butcher’ Edmund Emil Kemper, 
what is verified the correctness of the model closely. 
Determining the probability of the offender residing in various areas and displaying those results 

through the use of choropleth or isopleth maps can assist police efforts to apprehend criminals. This 
union information allows police departments to focus their investigative activities to reduce the crime 
occurrence .According to the similarity of crime features, police should give a brief overview of the 
growing significance of location-based approaches in criminology, and then take actions to warn and 
protect the interrelated victims from attacking. 
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Abstract. The Great Pacific Garbage Patch which characterized by exceptionally high 

concentrations of suspended plastic, chemical sludge, and other debris, has a variety of severe 

influence on the marine life and human beings. Therefore, cleaning up the patch immediately is a 

matter of great urgency. To solve the problem, three models which are based on different 

differential equations to predict the amount of waste plastic poured into the ocean are established. 

According to the basic model, in about next 20 years, the Pacific Ocean will be unable to hold more 

garbage. Based on the fact that salvaging the waste plastic in the ocean contributes to controlling 

marine pollution, in accordance with the better model, the Pacific Ocean still has the ability to 

accommodate garbage before 2060. By improving the better model, a series of results are obtained. 

Around 2060, the area of the Pacific Ocean Garbage Patch will reach relatively steady state; 

meanwhile, the annual emissions of the plastic will reach 32,397,273.47 tons. To keep a relatively 

stable state the area which should be cleaned up will reach about 3,601,672 square kilometers per 

year. To compare the effect of government increasing taxation and plastic salvaging, a conclusion is 

reached that the huge economic losses caused by taxes are far more than the amount of money spent 

in salvaging the plastic garbage.  

Introduction 

The Great Pacific Garbage Patch is a gyre of marine litter in the central North Pacific Ocean located 

roughly between 135° to 155°W and 35° to 42°N and estimated to be twice the size of Texas [1]. 

The patch is characterized by exceptionally high concentrations of suspended plastic, chemical 

sludge, and other debris that have been trapped by the currents of the North Pacific Gyre [2]. 

Despite its size and density, the patch is not visible from satellite photography because it consists of 

very small pieces, almost invisible to the naked eye [3] and most of its contents are suspended 

beneath the surface of the ocean [4]. 

The source of Pacific garbage patch 

Every piece of plastic is likely to flow into the ocean. The plastic litter in the sea is mainly from three 

sources: first, the buried plastic garbage on land washed into the sea by storm; second, people who 

lack of environmental awareness will pour the plastic garbage into the sea; the third is plastic 

products inadvertently left by the containers on the deck of a cargo ships due to various marine 

accidents [5].  

Some Indicators of plastic and Plastic Pollution 

The production of plastic. The paper uses the sum of production which comes from the world top 

five plastics productive countries. According to the capacity of plastic-producing in top five 

countries in year 2001 from Internet and some records of the plastic production in China from a 

statistical website, the total production of the five countries is estimated, since 2001 to 2008 (see 

Table 1). 
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The waste and the recycling number of plastic. Waste plastic is an important factor leading to 

the pollution. An article [6] involves the production and the amount of waste plastic of the United 

States in the same year. According to this, the rate is estimated and the annual amount of waste plastic 

in top5 countries (see Table 2) is calculated. The range of recycling rate is about 20% to 45% 

according to the Internet. 

The amount of plastic waste poured into the ocean and the floating plastics.Studies have 

shown that 80% of marine debris is plastics. It is estimated that over 13000 pieces of plastic litter 

are floating on every sq km of ocean, and that 10% of the world’s plastic waste, perhaps as much as 

100 million tons, finds its way to oceans [7]. So, the annual amount of waste plastics poured into 

the sea can be calculated. (see Table 3). 

According to the incomplete statistics, the garbage poured into the ocean is 640 million tons each 

year. About 70% of them are thrown into the sea floor, and about 15% of them floating at sea for 

long. Also, there are about 15% of them washed back to the beach. Sinking garbage is usually 

broken fishing nets, fishing gear, cans, glass bottles and so on. Floating objects at sea are mostly 

fast-food containers and some plastic materials.[8] 

The basic model for plastic pollution 

Symbols Agreement. 
Table 4.  Variables used in the basic model 

The yearly amount of the discarded plastic which is poured into the ocean

The pacific-rim nations’ Gross Domestic Product (GDP)

The amount of plastic which can be recycled in CI  every year

The political influence on plastic recycling

Variables used in the basic model

IC

I

R

I
P  

The Development of Models and solution of the model. In order to predict IC , assume that 

there is a linear relationship between the change rate of IC and the change rate of the region’s GDP. 

Use the top five countries’ GDP instead of the Pacific Rim countries’ GDP. So define an equation 

as follows: 

.I IdC CdI
k

dt dt I
= ⋅                                                                  (1) 

k is a coefficient which represents the political influence. Referring to a document [9], let  

TABLE 3.  THE ESTIMATED NUMBER OF WASTE 

PLASTIC POUR INTO THE OCEAN 

units  10,000 tons

time accumulative total

Dec-2001 447.7527023

Dec-2002 528.3718082

Dec-2003 621.9861386

Dec-2004 694.9328947

Dec-2005 826.3388473

Dec-2006 1051.785574

Dec-2007 1238.100103

Dec-2008 1390.62133

The estimated number of waste plastic pour into the ocean

 

TABLE 2. THE ESTIMATED NUMBER OF WASTE 

PLASTIC IN THE TOP 5 COUNTRIES 

units  10,000 tons

time accumulative total

Dec-2001 4477.527023

Dec-2002 5283.718082

Dec-2003 6219.861386

Dec-2004 6949.328947

Dec-2005 8263.388473

Dec-2006 10517.85574

Dec-2007 12381.00103

Dec-2008 13906.2133

The estimated number of waste plastic in the Top 5 countries

 

TABLE 1. THE ESTIMATED PRODUCTION OF 

PLASTIC PRODUCT IN THE TOP 5 COUNTRIES 

units  10,000 tons

time accumulative total

Dec-2001 9506.4268

Dec-2002 11218.0851

Dec-2003 13205.6505

Dec-2004 14754.4139

Dec-2005 17544.3492

Dec-2006 22330.9039

Dec-2007 26286.6264

Dec-2008 29524.869

The estimated production of plastic product in the Top 5 countries
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( ) .IP

I

R
k x

C
= −                                                                  (2) 

In equation (2), 
I

R

C
is a coefficient which represents the recycling rate of the waste plastic, x is 

the monitoring standard .Through(1)(2), acquire: 

.

IP

I I

I

dC CR dI
x

dt C I dt

 
= − ⋅ ⋅ 
 

                                                       (3) 

Then, make conclusions as follows: 

Assume that in the next 50 years, GDP will continue to grow. So 0
dI

dt
>  and obviously 0IC

I
> . 

When
I

R
x

C
< , government should inhibit the consumption of plastics. How to simulate the case of 

government’s inhibiting consumption of plastics?  Use IP to represent the political influence. 

Through adjusting IP , 0I
dC

dt
<  can be acquired. In other words, the consumption of plastics will 

decrease. When x
C

R

I

> , the consumption of plastics increases and to some extent, the effect of 

government is limited. 

Working from GDP data, fit a linear regression of GDP for The Pacific Rim countries to time: 
2

13.880 159.202 ( 0.994).I t R= + =                                                   (4) 

13.880.
dI

dt
=                                                                  (5) 

By estimation, let: 0.3
I

R

C
= ; Obviously, IC has been increasing year by year, so 0I

dC

dt
> . Because x is 

the monitoring standard, an appropriate value to express the government's policy can be set. In 

order to match the fact, let 0.25x = . So 0)( >− x
C

R

I
 can be guaranteed. 

For the purpose of seeking an appropriate value for IP , fit an equation based on data from Table 

3:  
0.166 2374.78 ( 0.944).t

IC e R= =                                                    (6) 

0.166
62.2135 .

tI
dC

e
dt

=                                                             (7) 

According to data from Table 3, let: 8,209.272,62133.1390C === tII .  

Acquire 0.3996IP = −  and compared to the real data, a conclusion that it is reasonable to do 

some simulation of our model can be drawn.  

The better model 

Symbols Agreement. 
TABLE 5. THE NEW VARIABLES USED IN THE BETTER MODEL 

 

The area of the Pacific Ocean Garbage Patch

The area of the Pacific Ocean

The political influence about salvaging plastic

The new variables used in the better model

Q

A

CP  
 

The Development of Models and solution of the model. In order to improve the basic model, 

consider the government may hire a lot of people to salvage plastics. So establish a more complete 

model: 

( ) ( ) .CI PPI I I

I

dC C CR dI Q dQ
x y

dt C I dt A dt Q
= − ⋅ ⋅ − − ⋅ ⋅

                                              (8) 

Where y is the monitoring standard. 

According to the reference data [10], acquire: 

0.1Q 154.275 .te=                                                             (9) 

As to the fitting process, acquire:  
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0.1d
15.4275 .t

Q
e

dt
=                                                               (10) 

By searching the Internet [11], the area of the “Great Pacific Ocean Garbage Patch.”, is about 
23,430,000km .So 0.0189

Q

A
=  can be acquired, and let 0.01y = . Then, acquire: 

0.113.880 154.275
(0.3 ) ( ) .

13.880 159.202 18134.4 10
cI

t
PPI I IdC C Ce

x y
dt t

= − ⋅ − − ⋅
+

                                             (11) 

To solve the differential equation, the result about ocean plastic emission in the future can be 

acquired.  

Further Research 

The deficiency of the better model is that it can not be used to predict in the long term. The reason 

is that the model ignores the effect of plastic salvaging. However, ignoring the effect of plastic 

salvaging will lead to the area of pacific garbage patch decreased break the law of exponential 

growth. On the other hand, default 0
dQ

dt
>  in the better model. 

To predict the plastic emission in the long term, the decrease of
dQ

dt
should be taken into account. 

Under certain conditions, Q changed according to the exponential function, so if the area of pacific 

garbage patch is decreased by salvaging, the growth rate will slow down. Here, use a coefficient of 

b to control the situation. In conclusion, btdQ
abe

dt
= can be acquired, where 154.225, 0.1a b= = ,  

Define: 

( )

.

Q t
b t

A C
dQ

abe
dt

− ⋅ ⋅
=                                                             (12) 

C in the model is a buffer, that is to say, after C year(s); the Q’s growth rate will slow down. Of 

course, for this purpose government needs to pay a higher cost. 

Combine (8) and (12) together, acquire: 

( )

( ) ( ) .CI

Q t
b t

PPI I IA C

I

dC C CR dI Q
x abe y

dt C I dt A Q

−
= − ⋅ ⋅ − ⋅ − ⋅

                                            (13) 

(13) has not been solved, but another access to analyze the problem has been found and the result 

can be obtained by it. 

Results 

Simulation & Prediction. According to the information from the Internet [11], the area of the 

“Great Pacific Ocean Garbage Patch.” is about 3,430,000km2. So, estimate that there will be 

6,182,600,000 tons [12] of plastics in the Pacific Ocean .Define tons0006001826 ，，，=µ , if there is 
µ  plastics in the Pacific Ocean, the Pacific Ocean will be severely polluted. Assume that the 

maximum capacity of litter in the Pacific Ocean isπ . 

If µπ 3.0= , a conclusion that after 24 years, there will be 2,033,500,000 tons of plastics in the 

Pacific Ocean can be drawn  

If µπ 2.0= , the conclusion is that after 20 years the amount of plastics in the Pacific Ocean will be 

overπ . 

For the better model, use the ODE45 numerical integrator in MATLAB on (11), and find the 

results as the following Fig. 1 demonstrates: 
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   Fig. 1. Simulation of ocean plastic emission in the future      Fig. 2. The Area of plastic pollution 

After calculation, the following conclusions can be drawn: if let µπ 3.0= , in the next 50 years, the 

total amount of the plastics is far lessπ . 

To a large extent, salvaging the plastics will delay the marine plastic pollution. 

For the further research, change the value of C, simulate for (12). Finally let C=100, and a result 

as Fig. 2 as shows acquire: 

According to the figures presented above, after 50 years, Qwill be stable at 4 23535.1 10 km× . Then, 

after 31 years, the waste plastic area in the Pacific Ocean will come toQ . So, that can be calculated 

from the year 2031 to 2032, the area of Pacific Garbage Patch will increase360.1672×104 km2.This 

shows that under a steady state, effective measures should be taken to make the Pacific Ocean clear 

and the area that should be cleared is 360.1672×104km2 annually at least. Whereas, the move will 

take a lot of manpower and material resources, so suggest that reducing the emissions of plastics be 

used to achieve this goal instead of clearing the ocean. Under such circumstances, human beings 

can produce waste plastics 68784.02×104 tons, 32397.27347×104 tons will be discarded, 

9719.182×104 tons will be recycled,  3239.727347×104 tons will be poured into the ocean, and 

485.9591×104tons will be likely to float on the sea. 

The Economic Costs and Benefits about the Management of Marine Litter. According to 

these models , estimate that the amount of plastics poured into oceans will come up to 15,400,000 

tons in 2011.The amount of the plastics which float on the sea will come up to 2,300,000 tons 

.Assume that with the government's control, the emission of the plastics reduces by 1% every year. 

Then, the plastics floating on the sea will reduce 23,000 tons. Also, estimate that in order to recycle 

10,000 tons of plastics in the ocean, 13,000,000 dollars will be spent. So under the government’s 

control, 29,900,000 dollars per year can be saving. But the benefit from clearing the ocean can not 

be calculated with figures. 

Take the U.S. for example, in order to control the plastic pollution in the ocean, government 

increase the tax. Then the unemployment rate will increase .Use the following diagrams to explain 

the case: 

                      

Fig. 3. Tax to merchant                         Fig. 4. Tax to consumers 

Where: P is the mean price of the plastic products, tQ is the output of the plastic products, D is 

the demand curve, S is the supply curve. 
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According to Fig. 3, when government raises tax, the enterprises’ income will decrease, so they 

will reduce the production of plastics, so that the supply curve will move up. Call the new supply 

curve 'S . Because of the reduction of the production, many employees will loss their job, so the 

unemployment rate will go up. The same result in Fig. 4 also can be drawn. Finally it will be found 

that the output of plastic product will go down. So, the unemployment rate will go up. 

It can be estimated that there will be one hundredth workers who are employed by the plastic 

manufacturers losing their job. Take the U.S. for example, according to the data from Bureau of 

Labor Statistics [13], it can be estimated that there will be 10,000 workers’ losing their job (see 

from the per capita GDP [13]). In 2008, the GDP of U.S. per capita is 43,250 dollars. Thus it can be 

got that if 10,000 workers lose their job, the economic loss will amount to 432,500,000 dollars. 

All in all, it can be drawn that a conclusion that in order to clear the ocean billons of dollars will 

be cost. But, the benefit from clearing the water can not be calculated. For example, people can save 

a lot of fish and make the environment more beautiful. 
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Abstract. The airflow change in cold storage were simulated by FLUENT under following three 

conditions, pre-cooling, stop to defrost and switch cold storage door. The result shows that the 

pre-cooling wind speed should be chose reasonably while guarantees the pre-cooling effort, hot air 

defrost had a favorable defrosting performance, and it is essential to seek optimal defrosting time 

according to the frost thickness and energy consume. The temperature field near the switch door was 

analyzed, and the temperature gradient near the switch door is considerable, but the outdoor air can be 

obstructed by increase air curtain. 

0 Introduction 

With the improvement of people’s living standard and higher and higher requirement of food’s 

freshness quality, the cold storage industry developed rapidly. But there are still many problems in 

cold storage, such as unreasonable distribution in storehouse, hot and cold gas permeability in cold 

storage gate, high energy consumption for defrosting and so on, so the reasonable air current design in 

cold storage is a difficult problem. Although the traditional experimental method can obtain quite 

detailed flow field information, it also has the very big limitation in the actual utilization, which 

cost time and efforts and is high cost. 

In recent years, numerical simulation technology has been widely used in all areas’ actual 

project, and achieved quite satisfactory effort, however, due to airflow and heat and mass transfer in 

cold storage are complicated and diversified, the application of numerical calculation in cold storage 

is basically staying in design and verification stage of a particular model
[1-7]

, and is not comprehensive 

enough. In this paper, based on the former researches the airflow change in cold storage were 

simulated by FLUENT under following three conditions, pre-cooling, stop to defrost and switch cold 

storage door, and the research can provide theory basis for optimize the design of cold storage. 

1 Model establishment 

1.1 Physical model 

Select a small cold storage for research object as shown in Figure1, the internal size of length × 

width × height is 4.5m × 3.3m × 3.0m, and single finned tube evaporator cooling is in the ceiling, 

because the shape of the evaporator has little influence on velocity and temperature field, the 

evaporator is simplified to be cuboid, the length × width × height of evaporator is 0.7m × 0.3m × 0.5m, 

the length × width × height of air outlet is 0.5m × 0.3m × 0.5m, the length × height of door is 

1.2m×2.0m.  

1.2 Mathematical model 

The airflow in the cold storage under three kinds of conditions are chaotic, belongs to large space 

forced convection heat transfer problem. It can be solved by k-ε model, which including the continuity 

equation, momentum equation, energy equation, k and ε equations. Wall-function method is 

employed to simulate near-wall. To simplify the model, the goods were ignored and the cold storage 

is considered to be empty. 
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Fig.1 Schematic diagram of cold storage  

1.3 The boundary and initial conditions 

1.3.1 Start pre-cooling condition 

The most important factor of cooling rate is wind speed. Therefore, different inlet velocity was 

used to simulate the flow field and temperature field. The condition was set as follows: 

(1) Inlet boundary: use speed boundary with different wind speed separately: V1=1.5m/s，t=-15

℃；V2=2.5m/s，t=-15℃；V3=3.5m/s， t=-15℃. 

(2) Outlet boundary: use the outflow boundary, the wind speed is calculated voluntarily by the 

software obtains. 

(3) Turbulence intensity was set as 5% 
[6]

, and the hydraulic diameter of the inlet and outlet are 

calculated to be 0.42m and 0.5m. 

(4) Wall: use the first boundary condition, and take the initial temperature as wall surfaces 

temperature whose value is 30 ℃.  

1.3.2 Stop defrosting conditions 

With the running of refrigerant unit, the frost will grow on evaporator surface and get more and 

more thick, this cause the refrigeration efficiency reduce. At this point stop the refrigeration unit, 

exert a constant wind to the evaporator surface to defrost, the wind speed is 0.5 m/s and the 

temperature is 50 ℃. In this paper, when evaporator frost thickness reaches 5mm, the surface of 

evaporator star to defrost, defrosting time is about 10 minutes by calculating. Set the monitor window 

in the fluent software, which monitoring the temperature and flow field changes. The condition is set 

as follows: 

(1) Inlet boundary: use the speed boundary: V=0.5m/s, t=50℃. 

(2) Outlet boundary: use the outflow boundary, the wind speed is calculated voluntarily by the 

software obtains. 

(3) Wall: the first boundary condition, its value is the temperature when achieve steady state, the 

value is t =- 10 ℃. 

1.3.3 Switch door condition 

As the wind pressure and the barometric pressure combined action, the fluid nearby cold storage 

door will have a strong heat and mass transfer, especially when there are goods in and out of cold 

storage, the cold storage door takes a long time to open to undermine the internal cold air flow field. 

 The flow fluid nearby cold storage door were simulated when time is 10s, 20s, 30s. The 

condition is set as follows: 

(1) Inlet boundary: use evaporator inlet velocity boundary, V2=2.5m/s, t=-15℃. When open the 

door, use inlet velocity, V2=0.2m/s, t=30℃. When close the door, use wall conditions. 

(2) Evaporator outlet boundary: the wind speed is calculated voluntarily by the software. 

(3) Wall: use the first boundary condition, and the temperature is 30 ℃.  

1.4 Mesh 

Use gambit to pre-process the software modeling and establishes the three-dimensional cold 

storage space, the evaporator and the air outlet in gambit2.2.30, quad meshes with the structured grid 

and to local region, such as air inlet, outlet and front door place encryption.  
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2 Simulation and Analysis 

In this paper, a few representative surfaces were selected to analysis the three dimensional computed 

result   

2.1 Start pre-cooling condition 

Three pre-cooling wind speed were set and the representative section y = 1.6m (including inlet 

and outlet section) were selected. Figure 2 shows the flow and temperature fields that achieved steady 

state conditions when wind speed is1.5m/s, 2.5m/s and 3.5m/s. 

 

 
Fig.2 The flow and temperature fields with different wind speed 

Figure2 shows, with the increase of evaporator blowing speed, it can obviously improve the wall 

pressing weir flow phenomena. The low temperature region is biggest when speed rate at 3.5m/s. 

Contrast 2.5m/s condition and 3.5m/s condition, there is the little difference between the two 

low-temperature regions. It shows that we should not infinitely increase the blowing speed while the 

pre-cooling effect is guaranteed. Therefore, it should be comprehensively consider all factors to find 

the best blowing pre-cooling speed.  

2.2 Stop defrosting condition 

A representative section y =1.6m (including inlet and outlet section) was selected too. From 

Figure 3 we can see that the hot air between inlet and outlet form a rectangular wind zone, the jet flow 

wind is the highest speed and temperature of the all region. The gradient of velocity and temperature 

is large at the beginning in cold storage, which shows that the heat transfer of entire flow field is 

fierce. 

The curve of monitor window shows, the curvature of average cure is large at the beginning then 

become flat gradually. It can also be reflected in the temperature field, the time is longer the 

temperature gradient is flatter. It indicated that the temperature in the cold storage can reach hot air 

temperature in short time as long as the refrigeration unit stop and defrost begin. The time of 

defrosting is longer, the quality of defrosting is better, but the cold storage’s temperature is higher, so 

the time of recovery refrigeration operation condition is longer. Therefore, it must measure the 

relationships between the quality of defrosting and the energy consumption of refrigeration, as a result 

to find an optimum defrosting time.  
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Fig.3 The velocity filed and temperature filed of various time 

2.3 Switch door condition 

A representative section x = 2.25m (including cold storage door) was selected. From figure 4 we 

can see, when open cold storage door in very short time  the change for temperature field in x direction 

is very big, so there has intense heat and mass transfer in this direction. When the outdoor air enters 

into cold storage, because the density of cold air is larger than hot air, the outdoor air rises. It affects 

the upper flow field. With time advancement gradual, it can influence the entire flow field, but as a 

result of evaporator’s function, the temperature field change in deep is not big.  

 
Fig.4 The temperature field when open the door 10s, 20s and 30s 

 
Fig.5 The temperature field when close the door 10s, 20s and 30s 

Figure 5 is the temperature field after closing cold storage door 10s, 20s, 30s respectively. From 

the figure we can see that from the closing moments of the temperature drop rate to be very quick, 

because the evaporator is the outdoor wind speed of 10 times. As the evaporator is located in the upper 
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cold storage, after closing the upper part of the temperature field recovery faster, as time goes on 

inside cold storage temperature gradually returned to steady state condition.  

3 Conclusion 

The airflow change in cold storage were simulated by FLUENT under following three 

conditions, pre-cooling, stop to defrost and switch cold storage door. The conclusion is as follows: 

(1) Under the same inlet temperature, the cooling rate increase with the evaporator inlet velocity 

increase and the time achieving steady state conditions decrease. The pre-cooling operating condition 

should be mainly considered that the two factors between pre-cooling effect and the unit energy 

consume. At the basis of ensuring the pre-cooling effect, suitable pre-cooling cold wind should be 

identified to save energy. 

(2) The influence of hot air defrosting on flow and temperature fields were simulated. The results 

show that blowing hot air is a good method to defrost, but the temperature of cold storage rises 

quickly, and only a small number of endothermic heat uses in the frost level heat absorption. Hence, it 

should be considered two factors between defrosting performance and energy saving to find the best 

defrosting time. 

(3) The temperature field is violent disturbance when opens cold storage door, the influence is 

more seriously especially near the door. In order to ensure the steady temperature field near the door 

and to avoid ice phenomena of the door, the air curtain should be added to obstruct the outdoor air. 
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Abstract：：：：In this thesis,a series of oxidation experiments on galena are conducted under 

different condition such as pH is 2,temperature is 50℃ and 25℃.After the experiment is 

completed,The rate constant,reaction order，reaction reaction rate and energy of activation are also 

analyzed and computed.The effects of temperature and oxidized medium on lead ore oxidation 

speed were studied. Under the condition of 50℃, The rate of oxidation reaction is increase when 

concentration is 100mg/l.The higher the concentration the more sulfuric acid ion,the easier to 

produce sediment of lead sulfate , so the reaction will be impeded .the reaction will be extremely 

slow or even can’t carry on at 25℃. 

1   Row materials and the method of experiment 

1.1 Row materials, experimental facilities and reagents 

Using galena as row material and crashing the sample, then picking it out by hand under the 

imcroscope, the sample whose purity reachs to 99% can be gained. Then sieving the sample, divide 

it into two groups according their sizes range at 60~80 and 80~100 meshs. Before the experiment, 

putting these particles into a desiccator and drying them for the next process.  

1.2 The method of experiment 

The experiment uses FeCl3 as oxidant. The pH of regulation reacting solution is 2. The 

experiment adopts water bath method. Put the sample of galena and reacting solution into a triangle 

bottle.Covering the bottle jack with a piece of pledget, it could protect the solution from pollution 

and keep the pressures inside and outside of the solution same. Each group of experiment consists 

of four bottles of galena sample (0.1g) within solution at different concentration. Every period of 

time, extract 5mls of solution from the bottles, and analyse the Pb
2+

 content of the solution with 

atom absorption spectrophotometer. After the reaction, separate the solution from the remainder 

galena sample. Analyse the Fe
3+ 

content of the separated solution with EDTA volumetric method. 

According to the vary of the content of Pb
2+

 and ultimately concentration of Fe
3+

, the oxidation 

reaction rate constant, order and activation energy would be fixed on. The equation of oxidation 

reaction kinetics would be set up.  

The equation 

++−++
+++=++

222

42

3 8848 FePbSOHOHFePbS        （1） 

Eight experiments divided into two groups have been performed. The concrete conditions of 

those experiments are: 

1)  50℃, pH=2, galena oxidation reaction with different FeCl3 concentration. 
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2) 25℃, pH=2, galena oxidation reaction with different FeCl3 concentration. 

2   Outcomes of experiment and analysis 

2.1 Effect on oxidation rate of oxidation medium concentration 

(1) The condition is 50℃, pH=2. The respective concentrations of FeCl3 are 

100mg/l， ， ，200mg/l 400mg/l 600mg/l. To see the results of those experiments in fig 1, 

G1-1，G1-2，G1-3，G1-4 as four experiments of group 1. 

 
Fig.1 the results of the experiments with different FeCl3 concentrations, 50

o
C, pH=2 

Form.1 the reaction computational results of G1 

Experiment number G1-1 G1-2 G1-3 G1-4 

reaction rate (mol/s) 4.9572×10
-10

 5.7870×10
-10

 8.0783×10
-10

 1.0383×10
-9

 

(2) The condition is 25℃, pH=2. The respective concentrations of FeCl3 are 

100mg/l， ， ，200mg/l 400mg/l 600mg/l. To see the results of those experiments in fig 2, 

G2-1，G2-2，G2-3，G2-4 as four experiments of group 2. 

 

Fig.2 the results of the experiments with different FeCl3 concentrations, 25
o
C, pH=2 

Form.2 the reaction computational results of G2 

Experiment number G2-1 G2-2 G2-3 G2-4 

reaction rate (mol/s) 2.4766×10
-10

 3.3747×10
-10

 7.3227×10
-10

 1.7610×10
-9

 

 

The fig1 and fig2 show that with a higher concentration of FeCl3 the rate of reaction goes faster 

under the same temperature and pH. When the concentration of the medium is at 600mg/l, the 

oxidation effect on galena goes best. 
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2.2 The effect on the rate of oxidation reaction of temperature 

 

Fig.3 the results of the experiments with different temperatures, FeCl3 600mg/l 

The fig 3 shows that when FeCl3 is used as oxidant, the temperature effect plays more on the 

rate of reaction. When the temperature is 50℃（ G1-4） , the reaction goes fast and the concentration 

of Pb
2+

 reaches to 19.357 mg/l at the first day. But the final concentration of Pb
2+

 is 5.533mg/l only. 

At the same time, when the temperature is 25℃（ G2-4） , the reaction does not go fast and the 

concentration of Pb
2+

 reaches to 5.533 mg/l at the first day only. But the final concentration of Pb
2+

 

is up to 38.667mg/l. The reason is that there are two reactions in the solution. The main reaction is 

the oxidation of galena. The side reaction is Fe
3+

+OH-=Fe(OH)3↓.When the temperature is higher, 

the two reactions go faster. Therefore, the concentration of Pb
2+ 

of G1-4 is higher than that of G2-4 

at the first stage. Then as time goes by, the effect of the side reaction of G1-4 becomes stronger and 

generates a lot of brown Fe(OH)3 which deposits on the surface of galena. That slows the oxidation 

rate of galena. So the final concentration of Pb
2+ 

of experiment G1-4 is lower than that of 

experiment G2-4. 

2.3 The foundation of the oxidation kinetics equation 

The primary equation of experiment kinetics is: 

 n

Fe
mkVSR ][)/( 3+××=              (2) 

In this equation, R is the rate of reaction. S is the superficial area of galena.V is the volume of 

the solution. K is the rate constant of the reaction. ][ 3+
Fe
m is the concentration of Fe

3+
. n is the 

reaction order. 

The key to the foundation of the equation is to find out the rate constant and the reaction order. 

(1) Caculating the rate constant and the reaction order of experiment G1 

Take the logarithm from the both sides of the equation 2. Take the logarithm of the 

concentration of Fe
3+

 as abscissa, and take the logarithm of the rate of reaction as ordinate. There 

would be a straight line. The slope of the line is the reaction order. The intercept is lg(s*k/v). From 

it the rate constant of the reaction can be gained. See fig 4. 
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y = 1.0636x - 7.2962

R
2
 = 0.9161
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Fig.4 the reaction order of experiment G1 

Annotation: the concentration of Fe
3+

 is the final concentration in the solution. The respective 

concentrations are 17.6858mg/l, 46.0633 mg/l, 88.2436 mg/l and 87.4825 mg/l. 

The slope of the line is 1.0636. That is, n=1.0636, lg(s*k/v) =-7.2962. It can be worked out that 

k=4.8026*10
-9 

and the correlation coefficient R= 0.9571.  

（ ）2 Caculating the rate constant and the reaction order of experiment G2 

Take the logarithm from the both sides of the equation 2. Take the logarithm of the 

concentration of Fe
3+

 as abscissa, and take the logarithm of the rate of reaction as ordinate. There 

would be a straight line. The slope of the line is the reaction order. The intercept is lg(s*k/v). From 

it the rate constant of the reaction can be gained. See fig 5. 

y = 0.4123x - 9.0268

R
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 = 0.9622
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Fig.5 the reaction order of experiment G2 

Annotation: the concentration of Fe
3+

 is the final concentration in the solution. The respective 

concentrations are 7.6794 mg/l, 35.323 mg/l, 78.692 mg/l, and 146.606 mg/l. 

The slope of the line is 0.4123. That is, n=0.4123, lg(s*k/v) =-9.0268. It can be worked out 

that k=8.9305*10
-11 

and the correlation coefficient R= 0.9809.
 
 

(3) The activation energy of reaction 

KJTT
TT

kk
E 806.269314.8303.2

lglg
21

12

12
=××××

−

−
=       (3) 

(4) The foundation of the kinetics equation 

According to the experiment reaction order and the reaction rate constant above, the kinetics 

equation can be founded as below:  

The kinetics equation of experiment G1 
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0636.19 ][108026.4)/( 3+×××=

−

Fe
mVSR

         (4) 

The kinetics equation of experiment G2 

       
4123.011 ][109305.8)/( 3+×××=

−

Fe
mVSR

                          (5) 

In the two equations: 

S is the superficial area of galena (cm2); 

V is the volume of the reaction solution (ml). 

With the galena oxidation kinetics experiment, the rate of reaction, the rate constant of 

reaction, the reaction order and the activation energy of reaction have been achieved. The oxidation 

kinetics equation has been founded. It provides theoretical basis for the research of the oxidation 

kinetics reaction of sulfide. 

3.  Conclusion 

In this thesis, Fe
3+ 

has been used as oxidant. Under the conditions of different temperatures and 

same pH, experiments of galena oxidation have been done in solution with different concentrations. 

By analysing the the effect of temperature and concentration on the oxidation rate of galena, the 

oxidation kinetics parameters of galena have been gained. By caculating out the oxidation rate of 

galena, the rate constant of oxidation reaction, the order of reaction and reaction activation energy, 

the equation of galena oxidation kinetics has been founded. Analysing the results of those 

experiments, some primary conclusion can be drawn:  

(1)When pH=2 and the temperature is 25℃ or 50℃,the oxidation reaction goes faster with the 

concentration of Fe
3+

, the oxidant, going higher. When the concentration is 600mg/l and the 

temperature is 25 ℃, the effect of oxidation is better. While the temperature is 50℃, the side 

reaction generates a lot of brown Fe(OH)3 which deposits on the surface of galena and slows the 

oxidation reaction. 

(2)The equation of galena oxidation kinetics has been founded and would provide theoretical 

basis for the further research of such experiments. 
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Abstract. With the development of Network technology and multimedia, applying network to 

teaching and developing education and research services on the network has become the trend of 

deportment in teaching. Department of Mineral Processing according to its specialized characteristic 

designed and made the teaching website. The paper introduced the overall design and produce details 

of Education Web site of the mineral processing Department. In the paper, it was mainly mention who 

to design and plan in the pre-development, collect data and make Web page beautify in medium-term, 

and debug, publish, update and maintenance in the final, and so on.  

Introduction 

Mineral Processing is an engineering and traditional profession. In order to help students better 

understand the mineral processing equipment and field practical, and enter professional areas in 

advance, Department of Mineral Processing devote their efforts to make Teaching Website. Students 

can know the field and equipment of mineral processing by the columns of teaching and training, 

technology exchange and scientific research etc. in the Education Web Site of Mineral Processing 

Department. Students could have intercourse with specialists and technicists experienced who were 

engaged as Consultants of “College Classroom” columns. The gap between production sites and 

research institutes with colleges and universities in scientific research was effectively narrowed by the 

teaching website platform, and on which the combination of production-learning–research was 

promoted. Students’ subjective initiative and innovation ability would be cultured and the learning 

enthusiasm of college major would be developed by the combination of production - learning – 

research. The design of Teaching Website is divided into structural design, data collection, graphic 

design, etc by nature of the work, and in accordance with the design period, can be divided into 

pre-planning, mid-production, distribution and later maintenance. Therefore, the division of work can 

be put into practice in the process of making website.
[1-3] 

 

The overall site planning and design of the webside 

In brief, web page is the basic element of the site. Many web page make up the site, while many 

website make up the modern Internet Network .The construction of Education Website of Mineral 

Processing Department is inseparable from the design of web page. Making web pages depend on 

software. Choosing the suitable tool and compile the right web page which is suit the Teaching 

Website is the basic task of site construction. 
[4-6]

 

Location of Site Visitors. The purpose of Education Website of Mineral Processing Department 

is to provide a platform for students and teachers of Mineral Processing Engineering to exchange 

knowledge and experience with other. Main Clients are students of Mineral Processing or interested 

in it. In order to attract engineers and researchers to participate in this platform, the location of the 

visitors is important particularly, which not only meet the public taste, but also have the unique of 

teaching website. However, in colleges and universities, the style of schools and colleges should be 

taken into consideration. So as the website is not with schools, colleges out of touch. After the formal 

operation of the site, Site technical staff should leave their E-mail and QQ number to know the views 
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and suggestions of visitors, so that can adjust and revise the website timely, which could make the 

website more suitable for Visitors’ taste and achieve better results. 

election of Site Theme. Rich sites always have the same weak point that is hard to search the 

information. Lots of site only mind exhaustive which make content red tape, which is hard for e-friend 

to find information. Therefore from design view, a simple page including the index of the web is used 

as the homepage of the Education Website of Mineral Processing Department, which is convenient 

for students and other visitors to find out needed information. In this way, the site can be distinctive 

and theme-clear. 

Design of Site’ Overall Style. People’ first imagine of site come from visual impact, so it is 

important to determine site’ Standard colors. Different colors with different effects, which may affect 

visitors’ mood. Education Website of Mineral Processing Department mainly use white with tone, 

which gives white, bright, innocence and clear feels. Text use sky-blue, which can give visitors sense 

of elegance, and it is helpful to attract visitor and increase the rate of second glance. In addition, style 

has always been an abstract concept should be combined with the whole site, and different people 

have different aesthetics. Education Website of Mineral Processing Department is wide-ranging. The 

site includes Brief Introduction, Teaching and Training, Finding Job, Scientific Research, Student 

Section, The place of answer questions and so on. The site should have the same style. Since single 

hue and background will give visitors the sense of monotonous, different columns should have 

different element. Let the lively animation section and serious knowledge exchange have different 

styles can make people comfortable.       

 Details of Website making 
[5,7]

 

Browser’s Version and Resolution. Different browsers have different page-show. The browser, 

which is beautiful in Internet Explorer, may perform poor in Netscape Navigator. In the IE Age, we 

should also consider minority users which can be your potential visitors. Each webpage was put into 

two browsers to test and solve the question timely. It is better to consider old edition’s compatibility, 

because some page may not fit the old edition. Nowadays, the resolution of 1024×768 is most 

popular, but lots of user use 800×600, it is needed to consider more visitors requirement, which are all 

in the top priority. 

Design about CI and Banner. Logo of site likes trademark. Logo reflects the characteristic and 

content of your site. We can recall your site when we see the logo. Logo, which can be Chinese, 

English, mark, pattern, sign, tint, font and poster, is the key of a site set up the image of CI. Precisely, 

it is the face of site. When you design and accomplish the steps, your site will have a complete change 

and increase a lot in the whole image. In order to increase students’ enthusiasm and creative ability, 

Department of Mineral Processing held a Site Logo Design Contest. We invite some specialized 

teachers and art expert as jury to select the logo of the Education Website of Mineral Processing 

Department. In order to let the logo meet international standards, we make a lot of changes. In the 

final, the logo contents fashion elements, traditional charm and the element of university and college. 

Logo’s English is eye-catching and clear and Chinese is easy-to-understand and well arranged which 

make it easy-remembered. 

Idea of whole site should perform the design of Banner. Certainly hue is also important. In the 

whole consideration, the Education Website of Mineral Processing Department considers the idea 

fully. Banner designed by FLASH belongs to dynamic effects which give people the sense of mobile 

and gains more visitors. 

Structure of Mineral Processing Department of Education Website. We spent one year 

perfecting the structure of Education Website of Mineral Processing Department. At first, the 

structure of site was confirmed by the research of our students. Since this teaching website not only 

attracts students who are in this professional, we continuous improve it under visitors’ message and 

suggestion. In final, we definite the structure like table 1. 
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Exploit of Website. At present, the Education Website of Mineral Processing Department mainly 

used Dreamweaver and Firework to complete the page which omit the trouble of the compiling of 

HTML language by hand and get what you see, and speed of page-making was improved. Providing 

interactive access capability and realizing information exchange is the key of development work. In 

addition, Macromedia professional software didn’t always conform to the requirement of 

development of all in the site. In order to meet the improving requirement of users, and with the 

improving condition of our department, the secondary development of the site usually must be.  

Development tools of Education Website of Mineral Processing Department usually are 

Dreamweaver, Photoshop, Fireworks, and Flash etc. In the page, we use JavaScript language to 

realize interactive function. We use ASP.net technique in forum development and exchange to realize 

the function of access database. Delphi used in where need high efficiency and was complicated. The 

development of mineral processing site will be accompanied by the existence of site, development of 

Department of Mineral Processing, updating of computer technology. 

Details and Skills in Designment. Standard font is Special font which is used in symbol, title and 

main menu. In order to reflect the different and special style of the site, the Education Website of 

Mineral Processing Department selects some special font according to special requirement. For 

example, in order to reflect professional, we used Crude italics, in order to reflect beautifully 

designed, we used Ad form, in order to reflect affability, we used handwritten form and so on. There 

were hundreds of English Fonts and some Special English Art Font Download, so it is easy to find a 

satisfactory font. We need to emphasize that there are not special fonts in visitor’s PC, so Non-default 

fonts should use picture form. When design the charts of the page, don’t put the whole page in one 

chart, it is better to put it into different charts. The structure of single chart should be tidy and the 

chart’s Nested hierarchy few as far as possible. Because it is too slowly to download when the Layer 

of chart is tedious, the size of the picture should not be too big. We should control the size around 6KB. 
 

Table 1Structure of Education Website of Mineral Processing Department 

MINERAL 

PROCESSING 

DEPARTMENT 

of 

EDUCATION 

WEBSITE 

Introduction Overall 

MINERAL 

PROCESSING 

DEPARTMENT 

of 

EDUCATION 

WEBSITE 

Ranks of 

Teachers 

Professors 

Teaching 

and 

Training 

E-teaching Plan Instructors 

Discipline Construction Engineers 

Online Classroom 

Student 

Corner 

Professional  and Class 

Course Arrangement 
Innovation in Science and 

Technology 

Scientific 

Research 

Direction of Research Precious Times of Past 

Projects under Research Alumni Style 

Laboratory 

Technical 

Exchange 

Rudiments 

Achievements In Scientific 

Research 
Academic Frontier 

Apply For  

Job and 

Graduate 

Science 

Engineering 

Graduate 

Science and 

Technology  Service 

Unit recruitment Online Exchange 

Student job Search 
Question 

Place 

Scientific Research 

Advice from Others Teaching Research 

Graduate Style Contact and Exchange 

Tendency in 

Department 
Latest Tendency Landing Mineral Forum 

Safety and Maintenance of Site 

The completion of Construction of Education Website of Mineral Processing Department didn’t 

mean once and for all. The maintenance workjavascript: showjdsw ('jd_t','j_') must be done usually. 

Not only the content of site but also the style of homepage must update regularly. Gain new content 

and delete the hyperlink and information which are already invalidation. Only in this way the 

Education Website of Mineral Processing Department could have exuberant vitality and can’t be 

swallowed by the vast flood of information on Internet.  
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While the safety of Education Website of Mineral Processing Department can’t come up with 

military affairs and economy, various types of data collected during teaching and research is also 

important. The data is the blood and sweat of whole teachers and students, is the life of whole 

Research and teaching. Therefore, it’s necessary to make corresponding network security measures. 

Limit the access to inner Network Server and set up gateways during intranet and extranet are general 

practice during internal management system of Mineral processing Department and WEB Server.
 [8]
 

Conclusion 

The Education Website of Mineral Processing Department is a link of the students, teachers and 

others in Mineral Processing field. It also is a bridge between Mineral Processing Department and 

outer world. The website meets maximatily the demand of different people in the society and supplies 

the modern scientific and technological services to teachers and researchers, and improves work of 

teaching and researching in school, lets students take part in researching discussion fully, cultures 

Mineral Processing personnel who have high professional quality and competence and innovation. At 

the same time, it serves to the development of Department of Mineral Processing Subject. 
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Abstract. Urban rain-flood disasters become more ordinary and serious recently under global 

warming and unreasonable exploitation. Summed up the characters of urban rain-floods, the 

mechanism of urban rain-flood disasters is analyzed. More ever, the main countermeasures to 

control and utilize urban rain-flood comprehensively and effectively are put forward. 

The concept of “urban rain-flood disaster” 

The urban rain-flood disasters became ordinary recently, but here is not a clear definition about 

rain-flood in “Ci Hai”. The definition of “rainwater” and “flood” has multi-term. The explanations 

of “rainwater” are: 1) falling water such as rain; 2) the water form rain; 3) one of 24 festivals 

according to Chinese lunar calendar; 4) rain. The explanations of “flood” are: 1) water level rises up 

high enough and floods the fields; 2) the river level rises suddenly and sharply by reason of heavy 

rain storms or by melting snow, which often causes disaster; 3) flood. 

Base on the definition of “rainwater” and “flood”, “rain-flood” can be understood as the flood 

beyond the storage capacity caused by high intensity rainfall and it can be used as resources and can 

lead to disaster either. The urban rain-flood disaster refers to the disaster produced by high intensity 

urban rainfall. 

The characters of Urban rain-flood and urbanization 

For the repeated and intensive urban rain-flood disasters, many developed countries have developed 

the research of the urban rain-flood disasters in recent years.  

According to its definition, urban rain-flood can be used as resources and can lead to disaster 

either. Accordingly, the urban rain-flood disaster has the obvious characters. 

On the one hand, insufficiency of water resources will be a direct threat to human survival. 

Therefore, the resource of urban rain-flood will attract more and more attention. The main benefits 

of urban rain-flood are as follows:  

1) Economic benefits. Purified water is used as water resources for living, municipal use and 

chemical plant, which can save the government and residents water costs; treated rain-flood is used 

to develop aquaculture, agriculture, stock farm, which can increase people's income and improve 

economic efficiency; rain-flood is used to develop tourist attractions, water entertainment, which 

can create comfortable living space as well as wealth at the same time;  

2) Social benefits. Rational use of rain-flood can not only alleviate the urban water load, but also 

decrease the possibility of urban floods caused by rainfall[3], more ever, the employment problem 

can be partly solved by the industry cycle from collection to use; 

3) Environment benefits. Rain-flood can increase the quantity of urban areas, decrease the 

subsidence of water surface, enhance the water level of shallow ground water and maintain the 

stability of the shallow ground water, to complement the surface water and groundwater and to 

maintain the virtuous cycle of the surface vegetation and microorganisms systems [3]. After simply 

treated, the urban rain can be directly used to spray the road, water plant, dusting down the clean 

air, which can improve the ecological environment and living environment. The canals of the city, 
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man-made lake, reservoir and reservoirs can be united and supply water effectively, which can 

therefore adjust the urban microclimate. The comprehensive system of rain-flood can be developed 

to generate electricity, culture fish, more ever, even the industry of livestock and agriculture could 

be significantly increased by the rain resources. 

With the persistent decrease of per capita available natural resources, the human and social 

development will be seriously affected.  

On the other hand, if the rain-flood beyond the urban storage capacity caused by high intensity 

rainfall it may lead to intensive disaster. The main reasons are as fellows: 

1) The rain-flood is uneven. The distribution of rain is usually uneven and intermittent on time 

and space, which will cause high intensity rain-flood beyond the urban storage capacity and cause 

disaster; 

2) The storage of rain-flood collecting system isn't great enough. The jam-packed urban 

architectures become more and more, which make the urban area lack of enough region to save 

flood in time. 

The mechanism  of Urban rain-flood disaster 

The mechanism of urban rain-flood disasters can be illustrated as shown in figure 1.If the intensity 

of rain-flood is higher than the up limitation it will cause flood disaster, contrarily, it will cause 

draught disaster if the volume of rain-flood is less than the down limitation. 

 

 

 

 

 

 

 

 

 

 

 

Figure1. The mechanism  of urban rain-flood disasters 

 Analysis utilization of rain-flood shows that the utilization of urban rain-flood requires the 

whole use of water collection systems, water conveyance systems, water storage systems, water 

purification systems and to develop laws to resolve the problems concerning with rainwater 

collection, transport, storage, purification and management:  

1) Water collection system. Aim at building a beautiful, clean, ecological integrity and modern 

city, the urban greening level was increased gradually, therefore the lawn can be used to collect 

rain-flood, purify water and supply the water resource; rain-flood collection and storage system can 

be built in the densely populated area of urban area, which can lead the rain-flood on roofs, 

courtyards, streets, squares and lawns into the rain-flood storage areas;  

2) Water conveyance system. the existing drainage system should use reasonably in urban 

districts and the water pipelines should be equipped dedicatedly according to the actual situation, 

the different water conveyance systems should be planned based on geological conditions in new 

district;  

3) Water storage system. The lower areas should be chosen to construct reservoirs, man-made 

lakes and canals to accumulate rainwater, especially the existing lake should be put into the city 

developing plan to lower the project’s cost;  

4) Water purification system. The clean water plants, sewage treatment plants should be build in 

the city center and suburbs respectively, therefore, the rainwater can be accumulated, purified  and  

made full use of;  

5) The relevant laws. The relatively sound laws on rain-flood utilization should be established, 

the intelligent control system should be developed to overall control and partially grasp, or manual 
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operating system, the scope of water-use from the chemical plant, agriculture, stock farm, fisheries, 

power, entertainment and so on, should be expanded to monitor and manage the rain-flood 

transport, collection and storage, purification and output systems.  

The problems of urban rain-flood utilization and control 

Although it can bring great benefits to economy, society and environment, etc., urban rain-flood is 

restricted by time, space, man-made factors and system faultiness, etc. The main problems of urban 

rain-flood utilization and control are as follows: 

1) The rain-flood is not durative. The distribution of rain is usually uneven and intermittent on 

time and space, which will cause the exploitation rain-flood become seasonal and in local area 

scope, therefore, rain-flood can hardy be used as constant water supply; 

2) Water collecting systems are normally deficient. Since most of the existing urban drainage 

systems are not unified, they can hardly gather the rain effectively and be used comprehensively in 

large-scale during the rain-flood collecting process; 

3) The storage of rain-flood collecting system is not great enough. The jam-packed urban 

architectures become more and more, which make the urban area lack of enough region to save 

flood. The rain-flood resources of higher value exploitation are un-durative, short-term and 

paroxysmal, more ever, the insufficient of rain-flood saving region results in the storage capacity is 

not strong enough and difficult to ensure the urban rain-flood resources be used in large scale 

universally and chronically; 

4) Re-pollute. Re-pollute means during the process of the runoff, the dissolvable pollutants or 

solid pollutants in large range are resolved by the runoff and enter the flood storage area, which 

causes water pollution; 

5) Limited usage. The uses of urban rain-flood currently are just for flood control or domestic 

water. These kind of narrow and single usage baffles the development of  rain-flood; 

6) The legal system is not sound enough. The study about the utilization of urban rain-flood is 

comparatively late and most of the research achievement are still in the stage of theory and can not 

arouse widely communities’ concern; More seriously, the relevant encouraging and supporting 

policies are not enough and the relevant legislation are not strong enough, which seriously 

obstructed the development of the use of urban rain-flood comprehensively. 

The main countermeasures 

Because of the strong characters of seasonality, territory limitation and intermittence, rain-flood 

resources can hardly be used directly as a constant water supply. But after adopting related 

engineering measures, rain-flood can take over other headwaters and be used as assistant 

headwaters. Aim at solving the main questions of the local rain-flood using and improving urban 

security, the main countermeasures are shown as figure 2. 

1) Improve the rain collecting system. In the urban crowd circumstance, the roofs are huge and 

can be used to store rainwater. Water pipes on all sides of walls can be established to conduct the 

rainwater into the underground tube or open channel, aim at leading the rainwater flow into lower 

reservoir to be used as unified savings. In addition, on the main street and square, on which the 

harden area are greater, the penetrative pavement can be spread and the collecting pipe can be set 

under the main street and square to induce the water to the underground collecting pipe into storage 

pool. The whole system is set up under the city spread areas and doesn't influence the city sight. 

The grass lawn can obstruct rain water and creates good living environment in the city. Although 

the grass area is built up higher than urban road normally, the paling should better be heighten and 

used together with open channel or underground ditch, to lead rainwater into the reservoir, which 

can not only alleviate the flood control burden of city area in flood season, but also store rain-flood 

and utilize it synthetically; 

2) Enhance the efficiency of rain-flood transport. Along with the speeding of urbanization 

progress, the urban extension in new city or reformation in old city is carried   out currently on large 
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scale in most domestic cities. In the new extension area and reformation area the conduit can be 

merged directly into urban layout programming to service the rain-flood utilization. The conduit 

buried in advance can be divided as rain gathering pipe and sewage pipe according to the function. 

The lightly polluted rain-flood, domestic and municipal waste water and heavily polluted chemical 

plant sewage can be transported respectively, which can simplify the coming water processing 

procedure and improve the water transport efficiency; 

3) Enhance rain-flood storage capacity. Select relatively lower urban areas in each urban district 

and dig smaller pools to store rain-flood, through the underground branch pipes and canals (open 

channels). Canals should be built according to urban real terrain, geological conditions, building 

structure, reasonable human and environmental planning. In the relative lower place of city center, 

larger reservoir (man-made lake) can be dug deeply to connect the underground branch pipes and 

canals, in order to construct the whole water transport system to store the rain-flood effectively and 

deliver water smoothly. As to the whole flood control, the larger reservoirs which located in the 

lower suburb can be constructed to increase the urban storage capacity for rain-flood. Suburbs and 

the inner city's reservoirs can be connected with the river outside the city to form the channel net 

which can enhance the flood control capacity and store more rain-flood under the worse condition; 

4) Dispose the sewage respectively. The purification treatment plant can be built in the center of 

the man-made lake to collect and dispose the light polluted rain-flood, which can be used as life and 

municipal water after purification process treatment.  The sewage treatment plants can be 

constructed in suburban reservoirs to dispose the heavily polluted water which can be used to meet 

the water demand of peripheral industry and agriculture, stock farm and aquaculture; 

5) Utilize the rain-flood comprehensively. Deep man-made lakes can be dug in lower district 

meanwhile the man-made hill can be heaped up accordingly accompanying with water recreation 

places to developed the tourist scenic spots. On the hills the pumped storage power stations and 

man-made waterfalls can be built. In the lower suburbs and medium reservoirs the aquaculture, 

agriculture and stock farm can be developed spaciously;  

6) Perfect the legal system. Rain-flood utilization is the requirement of both flood mitigating and 

environment improving. The government should fully exert the function and take all kinds of 

measures to establish the sound legal system, such as to set up special funds and establish favorable 

policies, mobilize the enthusiasm of urban constructers, developers and related enterprisers  for 

rain-flood utilization. While the enterprisers and individuals who disobey the laws and regulations 

on rain-flood utilization should be punished. Therefore, the legal system can be established and 

perfected gradually to ensure the healthy development of rain-flood utilization. 
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Figure 2. The sketch of urban rain-flood utilization and control 
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Summary 

The urban rain-flood disasters became more ordinary and serious recently under the unreasonable 

urbanization development and the global warming. If the intensity of rain-flood is out of the 

limitation it will cause flood or drought disaster. Restricted by time, space, man-made factors and 

system faultiness, etc., urban rain-flood is not easy to be used and controlled. According to the 

mechanism of urban rain-flood disaster, the processes of collecting, transporting, storing, purifying 

and utilizing can be constructed synthetically to form the comprehensive system, by which rain-

flood can be used effectively and controlled commendably. 
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Abstract. Delay-dependent robust stability of neural networks with discrete and distributed delays is 

considered in this paper. Stability criteria are derived in LMIs avoiding bounding certain cross terms 

and the restriction of derivative of time-varying delay is removed. Numerical examples are given to 

indicate significant improvements over some existing results. 

Introduction 

Neural networks with time-delays are often used to describe dynamic systems due to its practical 

importance and wide applications in many areas such as industry, biology, economic and so on. So in 

the past few years, the stability problem of neural networks with time-delays has been attracted a large 

amount of research interest. On the other hand, the uncertainties in various neural networks are 

unavoidable thanks to modeling errors, measurement errors and so on. 

Different classes of neural networks such as Hopfield neural networks, cellular neural networks, 

Lotka-Volterra neural networks, Cohen-Grossberg neural networks, and bi-directional associative 

memory neural networks have been extensively studied in [1-3]. In our paper, we discuss the cellular 

neural networks with time-varying delays. The cellular neural networks (CNN) are introduced in [1], 

and a CNN with a delay (DCNN) is first reported in [2]. It’s well known that time-delay can easily 

cause instability and oscillations in system. Existing criteria for asymptotic stability of time delay 

neural networks can be classified into two types: that is, delay-independent stability [4-6]. 

In our paper, we consider delay-dependent robust stability for cellular neural networks with 

time-varying discrete and distributed delays. First we give the delay-dependent stability criterion for 

nominal cellular neural networks. Delay-dependent stability criterion is derived as LMI without using 

The effectiveness of the proposed stability criteria and their improvement over some existing results 

are illustrated in numerical examples. 

System description 

Consider the following uncertain delayed neural networks with n  neurons:  

( ) ( ) ( ) ( ) ( )( ) ( ) ( )( )( ) ( ) ( )( )
( )

t

t t

x t C t x t A t f x t B t f x t d t D t f x s ds I
τ−

= − + + − + +∫�                   (1) 

where ( ) ( ) ( )1 , ,
T n

nx t x t x t R= ∈  … , ( ) ( )( ) ( )( )1 1 ,
T

n nf x f x t f x t =  … is the neuron activation 

function,  ( )( )( ) ( )( )( ) ( )( )( )1 ,
T

nf x t d t f x t d t f x t d t − = − − … , ( )iC diag c=  with 0ic > , A is 

the feedback matrix, B and D represent the discretely delayed connection weight matrix and the 

distributive delayed connection weight matrix, respectively. while [ ]1, , nI I I= …  are the constant 
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inputs. The delay considered is time-varying, which satisfies ( )0 d t d≤ ≤ and ( )d t µ≤� , ( )tτ is the 

distributed time delay satisfying ( )0 tτ τ≤ ≤ . 

 

Lemma 1. Let ,E F and H be real matrices of appropriate dimensions with F satisfying 
TF F I≤ . Then for any scalar 0ε >  

1T T T T TEFH H F E EE H Hε ε−+ ≤ +  

Stability criteria for delayed neural networks 

We consider the stability of the nominal system 

( ) ( ) ( )( ) ( )( )( ) ( )( )
( )

t

t t

z t Cz t Ag z t Bg z t d t D g z s ds
τ−

= − + + − + ∫�                                                  (1)  

Theorem1. The system (1) is stabile if there exist 1 20, 0, 0, 0, 0, 0P R W Q Q ε> > > > > > ,  

{ }1,..., 0nL diag l l= ≥ , { }1,..., 0nS diag s s= ≥ , { }1,..., 0nM diag m m= ≥ , and any appropriate 

dimensional matrices ( ) ( )1,2,3,4,5 , 1,2,3,4,5i iY i T i= = such that     

11 12 13 14 15 1 1 1 4 1

22 23 24 25 2 2 2

33 34 35 3 3 2 4 3

44 45 4 4 3 4 4

1

55 5 5 5

4 4

0

0 0

0

T

T

T

T

dY T D F F T E

dY T D T E

dY T D F F T E

dY T D F F T E

dY T D T E

dR

W F F

I

τ ε
τ

τ ε
τ ε

τ

τ ε

ε

 Φ Φ Φ Φ Φ − −
 

∗ Φ Φ Φ Φ − 
 ∗ ∗ Φ Φ Φ − +
 

∗ ∗ ∗ Φ Φ − + Ξ = ∗ < ∗ ∗ ∗ ∗ Φ −
 

∗ ∗ ∗ ∗ ∗ − 
 ∗ ∗ ∗ ∗ ∗ ∗ − + 
 ∗ ∗ ∗ ∗ ∗ ∗ − 

                                                      (2) 

11 1 1 1 1 1 1 1

T T T TQ Y Y T C C T F FεΦ = + + − − +  12 2 1 2

T T TC T Y YΦ = − − +  

13 1 3 3 1 2

T T T TT A C T Y HS F FεΦ = − + + −  14 1 4 4 1 3

T T T TT B C T Y F FεΦ = − + −  

15 1 5 5

T T TP T C T YΦ = − − +  ( )22 1 2 21 TQ Y YµΦ = − − − −  23 2 3

TT A YΦ = −  

24 2 4

TT B Y HMΦ = − +  25 2 5

TT YΦ = − −  33 2 3 3 2 22T T TQ T A A T S W F Fτ εΦ = + + − + +  

34 3 4 2 3

T T TT B A T F FεΦ = + +  35 3 5

T TL T A TΦ = − +   

( )44 2 4 4 3 31 2T T TQ T B B T M F Fµ εΦ = − − + + − +  45 4 5

T TT B TΦ = − +  55 5 5

TdR T TΦ = − −  

Proof. Replacing ,C A and B in  

11 12 13 14 15 1 1

22 23 24 25 2 2

33 34 35 3 3

44 45 4 4

55 5 5

0

0

dY T D

dY T D

dY T D

dY T D

dY T D

dR

W

τ
τ
τ
τ
τ

τ

Φ Φ Φ Φ Φ − 
 ∗ Φ Φ Φ Φ − 
 ∗ ∗ Φ Φ Φ −
 Ξ = <∗ ∗ ∗ Φ Φ − 
 ∗ ∗ ∗ ∗ Φ −
 
∗ ∗ ∗ ∗ ∗ − 

 ∗ ∗ ∗ ∗ ∗ ∗ − 

                                                                                       (3) 

11 1 1 1 1 1

T T TQ Y Y T C C TΦ = + + − −  12 2 1 2

T T TC T Y YΦ = − − +  13 1 3 3

T T TT A C T Y HSΦ = − + +  

14 1 4 4

T T TT B C T YΦ = − +  15 1 5 5

T T TP T C T YΦ = − − +  ( )22 1 2 21 TQ Y YµΦ = − − − −  

23 2 3

TT A YΦ = −  24 2 4

TT B Y HMΦ = − +  25 2 5

TT YΦ = − −  

33 2 3 3 2T TQ T A A T S WτΦ = + + − +  34 3 4

T TT B A TΦ = +  35 3 5

T TL T A TΦ = − +  

( )44 2 4 41 2T TQ T B B T MµΦ = − − + + −  45 4 5

T TT B TΦ = − +  55 5 5

TdR T TΦ = − −  
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 with ( ) ( ),C C t A A t+ ∆ + ∆ and ( )B B t+ ∆ , ( ) ( ),C t A t∆ ∆ and ( )B t∆ are described, we get 

[ ] ( )

( )[ ]

1 2 3 4 1 2 3 4 5

1 2 3 4 5 1 2 3 4

0 0 0 0 0

0 0 0 0 0 0

T T T T T T T T T T T T

T
T T T T T T T T T T

F F F F H t E T E T E T E T E T

E T E T E T E T E T H t F F F F

 Ξ+ −  

 + − < 

                      (4) 

From Lemma and Schur complement, condition (4) and (3) are equivalent. 

We consider the stability of the nominal system 

( ) ( ) ( )( ) ( )( )( ) ( )( )
( )

t

t t

z t Cz t Ag z t Bg z t d t D g z s ds
τ−

= − + + − + ∫�                                                  (5)  

Theorem1. The system (5) is stabile if there exist 1 20, 0, 0, 0, 0, 0P R W Q Q ε> > > > > > ,  

{ }1,..., 0nL diag l l= ≥ , { }1,..., 0nS diag s s= ≥ , { }1,..., 0nM diag m m= ≥ , and any appropriate 

dimensional matrices ( ) ( )1,2,3,4,5 , 1,2,3,4,5i iY i T i= = such that     

11 12 13 14 15 1 1 1 4 1

22 23 24 25 2 2 2

33 34 35 3 3 2 4 3

44 45 4 4 3 4 4

1

55 5 5 5

4 4

0

0 0

0

T

T

T

T

dY T D F F T E

dY T D T E

dY T D F F T E

dY T D F F T E

dY T D T E

dR

W F F

I

τ ε
τ

τ ε
τ ε

τ

τ ε

ε

 Φ Φ Φ Φ Φ − −
 

∗ Φ Φ Φ Φ − 
 ∗ ∗ Φ Φ Φ − +
 

∗ ∗ ∗ Φ Φ − + Ξ = ∗ < ∗ ∗ ∗ ∗ Φ −
 

∗ ∗ ∗ ∗ ∗ − 
 ∗ ∗ ∗ ∗ ∗ ∗ − + 
 ∗ ∗ ∗ ∗ ∗ ∗ − 

                                               (6) 

11 1 1 1 1 1 1 1

T T T TQ Y Y T C C T F FεΦ = + + − − +  12 2 1 2

T T TC T Y YΦ = − − +  

13 1 3 3 1 2

T T T TT A C T Y HS F FεΦ = − + + −  14 1 4 4 1 3

T T T TT B C T Y F FεΦ = − + −  

15 1 5 5

T T TP T C T YΦ = − − +  ( )22 1 2 21 TQ Y YµΦ = − − − −  23 2 3

TT A YΦ = −  

24 2 4

TT B Y HMΦ = − +  25 2 5

TT YΦ = − −  33 2 3 3 2 22T T TQ T A A T S W F Fτ εΦ = + + − + +  

34 3 4 2 3

T T TT B A T F FεΦ = + +  35 3 5

T TL T A TΦ = − +   

( )44 2 4 4 3 31 2T T TQ T B B T M F Fµ εΦ = − − + + − +  45 4 5

T TT B TΦ = − +  55 5 5

TdR T TΦ = − −  

Proof. Replacing ,C A and B in  

11 12 13 14 15 1 1

22 23 24 25 2 2

33 34 35 3 3

44 45 4 4

55 5 5

0

0

dY T D

dY T D

dY T D

dY T D

dY T D

dR

W

τ
τ
τ
τ
τ

τ

Φ Φ Φ Φ Φ − 
 ∗ Φ Φ Φ Φ − 
 ∗ ∗ Φ Φ Φ −
 

Ξ = <∗ ∗ ∗ Φ Φ − 
 ∗ ∗ ∗ ∗ Φ −
 
∗ ∗ ∗ ∗ ∗ − 

 ∗ ∗ ∗ ∗ ∗ ∗ − 

                                                                            (7) 

11 1 1 1 1 1

T T TQ Y Y T C C TΦ = + + − −  12 2 1 2

T T TC T Y YΦ = − − +  13 1 3 3

T T TT A C T Y HSΦ = − + +  

14 1 4 4

T T TT B C T YΦ = − +  15 1 5 5

T T TP T C T YΦ = − − +  ( )22 1 2 21 TQ Y YµΦ = − − − −  

23 2 3

TT A YΦ = −  24 2 4

TT B Y HMΦ = − +  25 2 5

TT YΦ = − −  

33 2 3 3 2T TQ T A A T S WτΦ = + + − +  34 3 4

T TT B A TΦ = +  35 3 5

T TL T A TΦ = − +  

( )44 2 4 41 2T TQ T B B T MµΦ = − − + + −  45 4 5

T TT B TΦ = − +  55 5 5

TdR T TΦ = − −  

 with ( ) ( ),C C t A A t+ ∆ + ∆ and ( )B B t+ ∆ , ( ) ( ),C t A t∆ ∆ and ( )B t∆ are described, we get 
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[ ] ( )

( )[ ]

1 2 3 4 1 2 3 4 5

1 2 3 4 5 1 2 3 4

0 0 0 0 0

0 0 0 0 0 0

T T T T T T T T T T T T

T
T T T T T T T T T T

F F F F H t E T E T E T E T E T

E T E T E T E T E T H t F F F F

 Ξ+ −  

 + − < 

                       (8) 

Example 

Consider the delayed neural networks (1) with the following parameters: 

2.3 0 0

0 3.4 0

0 0 2.5

C

 
 =  
  

, 

0.9 1.5 0.1

1.2 1 0.2

0.2 0.3 0.8

A

− 
 = − 
  

, 

0.8 0.6 0.2

0.5 0.7 0.1

0.2 0.1 0.5

B

 
 =  
  

, 

0.3 0.2 0.1

0.1 0.2 0.1

0.1 0.1 0.2

D

 
 =  
  

,   

1 0.2h = , 2 0.2h = , 3 0.2h = , 4 0.2h =                                                                                                (9) 

If we consider the system (2) and the following parameters: 

[ ]1 1 1 'E = , [ ]1 0.1 0.2 0.1F = , [ ]2 0.2 0 0.3F = , [ ]3 0.1 0.1 0.2F = , 

[ ]4 0 0.1 0.1F =                                                                                                                                (10) 

By Theorem 1, when 0µ = , the upper bound of time delays to guarantee the global asymptotic 

stability of uncertain DCNN (1) with (9) and (10) is 22.5474h τ= = . Some comparisons are made. 

Summary 

In this paper, we give the delay-dependent robust stability criteria for cellular neural networks with 

time-varying discrete and distributed delays. The previously used bounding technique has shown to 

be unnecessary in deriving the delay-dependent stability results. we discuss the stability of nominal 

system. Then the robust stability for system with norm-bounded uncertainties is considered. Our 

results are more general than some previous ones since they can be used even if the time-derivative of 

time-delay is not less than one. numerical examples are given to demonstrate the effectiveness of the 

proposed stability criteria. 
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Abstract. The neural network has been introduced into the studies of credit risk assessment. 

However, the ratio of the dataset for training and testing is difficult to determine, so the neural 

network is not robust enough to give the judgment. Therefore, using the 2000 instances of personal 

consumer credit data set for approval of credit applications of a provincial-level China Construction 

Bank, for the BP neural network model, the study focused on the ratio of the dataset for training and 

testing. The results show that, when the ratio of the dataset for training and testing is 800:1200, the 

neural network model 2 for credit risk assessment has better performance. And it can achieve the 

desired accuracy and computational efficiency, so the BP network system for credit risk assessment is 

optimized. 

Introduction 

Credit risk analysis is indispensable for financial risk management, and it has been very concerned in 

the financial and banking areas. Credit assessment is often used to predict the potential risk of the 

credit portfolio, so we can use different ways and models to judge the risk of a loan. 

In theory, the credit assessment can be divided into two different types[1][2]. The first one is 

applying assessment. This is to classify the credit category to "good" or "bad". And the data used in 

the modeling generally include the financial information and personal information of applicants. The 

second is behavioral assessment, that is, to judge by experiences, through the relevant information, 

such as payment history information. This differs from the first one, because this should consider the 

model of payment of a loan. In this paper we will focus on the first one. 

Neural network has been used actively in credit risk assessment. Abdou, Pointon and Elmasry 

(2008) used the credit scoring models to assess the Egyptian banks[3], and through the assessment 

they did comparative studies on the probabilistic neural network and a multilayer feed forward 

network, discriminant analysis, probabilistic element analysis, logistic regression methods. And they 

got the conclusion that the average correct classification rate of the neural network model is higher 

than that of other methods. But it is worth to emphasize that, in the "yes / no" of a credit approval, the 

neural network is not enough to make sound judgments, and this will influence the accuracy of the 

assessment. This actually stems from the ratio of the training and the testing data set used in the trial is 

not better. Therefore, this paper will focus on solving the problem how to set a better ratio, and 

optimizing the BP neural network, according to the better ratio. 

To construct the data set for the credit rating 

For the use of the credit evaluation system given below, we use the data set of personal consumer 

credit and approval of business, which was provided by a provincial-level China Construction Bank. 

The data set contains 2,000 cases of loan applications. In the original data, there are 20 attributes, 

including categorical and numerical ones (They are Status of current deposit, term of the loan (in 

months), credit history, Purpose of loan, average monthly earnings, holding bonds or not, occupation, 

Installment in the percentage of disposable income, gender, guarantor, apartment, Status of fixed 

deposit, age, Other loan, house and Bank can give the forehead). There are a variety of financial and 

personal information of the applicants. Here, we change the type attributes into numerical attributes in 
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the data set. The samples are marked as type-1 (good, 1400 cases) and type-2 (bad, 600 cases), and 

used to test the accuracy of the system. 

To design the credit risk assessment system 

When designing the neural network model for credit risk assessment, taking other issues into account, 

we focused on identifying the ratio of the training and the testing data set.With the addition of more 

hidden layer, the computational cost becomes higher, and the running time becomes longer. So we use 

the single neuron with a single hidden layer and output layer, in order to simplify the computation 

process. So we can maintain its simplicity, in the design of BP neural network learning algorithm, and 

thus greatly reduce the computational cost. 

If the ratio of the training and testing data set is too high, the learning will be ineffective [4]. 

Therefore, we used a personal consumer credit data set (including 2000 real applications - making 

cases) for approval of credit applications of a provincial-level China Construction Bank to train 3 

neural network models, under the conditions of 9 different ratios of training and testing data set (see 

Table 1). These three neural network models have different types of topology, and the numbers of 

their hidden layer neurons, their learning rate and momentum rate are not the same. We compared the 

performances of the neural network, under the conditions of all ratios, to get the ideal network and 

radio. Under the conditions of 9 different ratios, we adjusted the learning rate and momentum 

coefficient of the 3 kinds of neural network constantly, in order to converge to the minimum error of 

0.008 (see table 1). Table 2 lists the final parameter values of the trained neural network models. 

There are 2 stages for the credit assessment system based on neural network, that’s the stage of 

data processing and the stage of neural network identification. The first stage is to standardize each 

value of the attributes within the data set one by one, and the output of this stage provides the 

standardized value for the next stage. In the second stage, we use the standardized value provided by 

the previous stage to assess the attributes of applicants, and use the neural network to decide whether 

to accept an application. In addition, in order to identify the best ratio of the training and testing data 

set, we have designed a certain proportion to be used. 

Table 1  the final training parameters of the neural network models 

Neural network models 
artificial neural 

network -1 

artificial neural 

network -2 

artificial neural 

network -3 

The number of input layer nodes 20 20 20 

The number of hidden nodes 14 19 23 

The number of output layer nodes 1 1 1 

Learning coefficient 0.0080 0.0092 0.0073 

Momentum rate 0.71 0.70 0.80 

Random initial weight range -0.3 to +0.3 -0.3 to +0.3 -0.3 to +0.3 

The required minimum error 0.008 0.008 0.008 

The actual error 0.007970 0.007998 0.008530 

The maximum allowable number of iterations 25000 25000 25000 

The actual number of iterations 19226 18639 25000 

The optimal training - testing ratios 1000:1000 800:1200 1200:800 

To design the ratios of the dataset for training and testing. To determine which ratio of the dataset 

for training and testing is batter, we have designed 9 ratios iR （
9,,1, �=iRi ）(see table 3). For 

example, 1R  means the ratio is 200:1800, that’s we use the first 200 credit application samples to 

train the network, and the other 1,800 samples are used to test the classification of the neural network 

after the completion of training. 

Data processing. This stage is to prepare the data for the next stages of the neural network, 

which are the stages of training and discrimination. The data provided to the input layer of the neural 
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network is generally between "0" and "1". In credit assessment, the differences between the values 

(input value) on behalf of the property of the credit applicant are very small. So when setting a simple 

standard treatments to the entire data, such as dividing each data by the recorded maximum value, 

most of the input data will be close to the value of "0". And that can not represent the property, which 

will lead to the failure of neural network training. 

We standardized the input data separately, through the natural logarithm, and map them to the 

value between "0" and "1". So the neural network can do full study, and present the attributes of the 

applicants appropriately. And we have to ensure that after the standardization, the input values, 

representing 20 attributes, are valid to the neural network. 

Once the standardization is completed, the standardized value will be used as the input data of the 

neural network. 

Neural network identification. In the stage of neural network identification, we used the 

supervised BP neural network, because its application is simple and can provide adequate training and 

testing data sets. 

Based on the BP algorithm proposed by Rumelhart, etc., according to the number of the input 

values of the applicant's property, the input layer of the neural network has 20 neurons ( 2021 ,,, xxx �
), 

and each input neuron receives a standardized value. Here, the only hidden layer contains h  neurons. 

During the experiment, the number h  of hidden neurons was continuously adjusted from 1 to 50, and 

finally we got the number of hidden neurons, which was closed to the given standard (to ensure the 

effective training, under the minimum cost of time). We use three kinds of neural networks to do this 

study, that’s: the artificial neural network 1, when h = 14; the artificial neural network 2, when h = 

19; the artificial neural network 3, when h = 23.  

There is only one neuron y in output layer, which consists of the binary output data, that’s, "0" 

for applications, "1" means to refuse the application (We use a simple threshold conversion method to 

convert the single output neurons of the neural network, so we can divided the feature space into two 

categories.). We use the threshold of 0.5 to distinguish the credit categories of "good" or "bad." If the 

output value of the neural network is greater or equal to 0.5, the sample is classified into Class 1 

(good, acceptable); otherwise, it’s classified into Class 2 (bad, rejected). Thus we know: The 

applicant 
∈j
good credit rating， if

：
( ) 5.0≥jANN out ; The applicant 

∈j
 bad credit rating， if

：
( ) 5.0≺jANN out  

Here, ( )jANN out  represents the original output value of the neural network, when introducing the 
j -th attribute of the samples (applicants). And then we use the threshold transformation, to map it to 

Class 1 or 2. This generally reflects the output credit decision-making process of the applicant j  (see 

Figure 1). 

 
Fig. 1. The general topology of neural network models used here 
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The experiment and result analysis 

Experimental purposes and conditions. The main purpose of this experiment was to identify an 

ideal ratio of the training and testing data set, which fits a neural network model. So we trained the 3 

given neural networks under the conditions of 
iR
( 9,,1, �=iRi ). We can get the experimental results, 

through the implementation of the algorithms on PC. Experimental conditions Requirement: 2.8 

GHz, 2GB of RAM, Windows XP operating system, compiler of Borland C + +. 

To set the evaluation criteria. In order to compare the performance of the 3 neural network 

models, under the conditions of iR ( 9,,1, �=iRi ), the performance evaluation criteria must be set in 

advance, including: (1) limit the number of iterations for training to 25,000. Because it’s generally 

believed that 25,000 iterations are effective, and more iterations will increase the computational cost. 

(2) Set the error value converges to 0.008. Once reaching these standards, the training of the neural 

model will come to an end, and we can write down time and the rate of correct evaluations (see table 

2). In Table 2, the results of the 3 these three neural models is listed, and the results was got after 

training under the conditions of iR ( 9,,1, �=iRi ). 
Table 2.  Experimental results. 

 R model error Tt Ot AT At 

4R  800:1200 1 0.012780 408.09 5.36 99.03 71.59 

  2 0.008000 367.76 10.36 99.59 73.31 

  3 0.269983 570.12 26.12 75.60 68.11 

5R
 1000:1000 1 0.007962 386.18 12.5 99.35 71.29 

  2 0.272016 596.89 19.89 74.1 67.30 

  3 0.012150 688.95 31.26 99.02 67.71 

6R  1200:800 1 0.015176 587.79 16.11 98.78 70.60 

  2 0.295700 717.78 23.62 72.3 69.30 

  3 0.008516 818.38 15.52 99.26 66.11 

Note: here, “R” represents the ratio of training and testing data set, “Tt” represents the training time （seconds）; “Ot” represents the operating time

（seconds
510−× ）, “AT” represents the accuracy of the training data set （%）, and “At” represents the accuracy of the testing data set（% ）. 

Comparative Analysis. Based on the results of Table 3, we found that only 3 systems meet or nearly 

meet our evaluation criteria, namely: System (1) – in the condition of 
4R , the application of artificial 

neural model 2 meet two criteria, which requires at least 18,639 iterations to ensure convergence of 

the error value of 0.008. System (2) - in the condition of 5R , artificial neural model 1 also satisfies the 

two criteria, which requires 19,226 iterations. System (3) - in the condition of 6R , artificial neural 

model 3 can almost meet the two criteria, but it requires 25,000 iterations to converge on the error of 

0.008516. 

Comparative Analysis of the computational cost. Taking the training time into consideration, 

system (1) requires about 368 seconds, less than the other two. Taking the running time into account, 

system (1) requires only 
5

1036.10
−

×  seconds to judge a credit application, and this is still better than the 

other. Thus we can see that the combination application of artificial neural model 2 and 4R  shows the 

highest efficiency of cost calculations. 

Comparative Analysis of the assess accuracy. The accuracy of a credit rating system is the most 

important factor to judge its merit. The overall accuracy of the training set and testing set can not 

represent the accuracy of a credit rating system, so we used a more scientific method, that is, to 

compare the accuracies of the training set and testing set in the system separately. This is because the 

accuracy of the testing set is received, through introducing visible inputs or samples into the neural 

model, and certainly it reflects the robustness of the training model. The accuracy of the training set is 

also very important, because the data set of consumer credit application is unstable and difficult to be 

handled through intelligent systems. Based on these considerations, we only did the precision of these 

two types of accuracies separately, but not of the overall accuracy. Accordingly to the experimental 

results, in these 3 systems, when using the artificial neural model 2, under the condition of 4R , we can 
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get the highest accuracy. And the accuracy of training set is 99.59%, while the accuracy of testing set 

is 73.31%. 

In other words, when using the artificial neural network model 2, trained under the condition of 4R , 

through the best configuration (the ratio of the training data and the testing data of to be estimated data 

was adjusted to 40%:60%), the credit risk assessment system can do assessment to the individuals 

consumer credit risk, successfully and effectively. 

Conclusion 

In this paper, we studied the application of 3 supervised neural network models for the credit risk 

assessment, in the conditions of different ratios of training-testing data sets. And experimental results 

obtained: the neural network model of credit risk assessment 2 is in the best performance in the 

condition of 4R , and this program uses a training set of 800 samples and 1200 samples for testing set. 

The accuracy of the training data set and the test data set can respectively reach 99.59% and 73.31%. 

The training of this neural model can be completed in about 368 seconds, and the decision-making 

time of the trained neural network model is very short, that is 
51036.10 −× second. Thus, the nervous 

system can be effectively applied to automatic data processing for credit approval. In addition, the 

results also confirmed that a more optimal ratio exists, and it’s just like the one (50%: 50%) used by 

Sakprasat & Sinclair (2007)
]5[
 or lower. Based on this, the future credit risk assessment could focus 

on the design, training and implementation of a better multiple-output the nervous system (for 

example, a system which can show why a credit application is refused). 
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Abstract.The fine oolitic hematite ore (＜20µm) is easily covered by the ore slime, therefore, it is 

processed very difficultly with traditional crafts, for example, gravity treatment, magnetic 

separation, and flotation. The tiny iron ore is unable to recycle effectively, bring about a large of 

useful minerals running off. It is indicated that the selective flocculation is effective separation craft 

in many research works. The good dispersion of fine particles is the selective flocculation essential 

condition, the excessive dispersion will destroy the selective flocculation, at the same time it can be 

influenced by the water quality, pH, the mixing time, the shear rate and the dispersing agent use 

level. In this article, to oolitic hematite ore, the chemistry dispersion research is conducted to 

provide the foundation for further selective flocculation separation. 

Introduction 

Oolitic hematite can been found very easly in our counctry, which is known by people because of 

the oolitic structure, and its total account for 1/9 iron ore reserves. In the process of geological 

action, the gangue minerals such as hematite, quartz, and clay are generally irregular-shape. The 

multi-layer structure is formed, which is from the center of oolitic particles to outward. The 

boundary between iron and gangue mineral is not very clear, and takes on transition behaviour, at 

the same time in such iron ore, the disturbution grit of iron and gangue minerals are smaller size, 

when the iron minerals single degree of dissociation 85%, mineral particles’s diameter is usually 

-20µm , as a result the separation becomes very difficult by the existing technology of mineral 

processing equipment
[1~3].

 

With the price of iron ore increasing rapidly and the resource of easy mined iron ore droping 

day after day, the exploitation and utilization of oolitic hematite has been concerned. In the 

separation process of fine-grained weak magnetic, the selective sorting flocculating has a strong 

vitality, and its core technology is that the fine mineral particles is fully distributed under ultrafine 

grinding, and through the selective flocculation, the fine hematite becomes larger diameter particles 

in order to reach the scope of separation 
[4~7]

. In this article, the chemistry dispersion research is 

conducted to provide the foundation for further selective flocculation separation of oolitic hematite 

ore. 

1Raw materials and test methods  

Raw materials  

  Test for the raw materials used Xuan Long-oolitic hematite, XMB-Φ240 × 300-rod mill 

ground to 100% -500 head. The main raw materials, mineral composition and size of the percentage 

© (2011) Trans Tech Publications, Switzerland
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in Table 1. Chemical dispersant is the six sodium (SHP), sodium tripolyphosphate (STPP) Fenxi 

Chun is reagents, sodium silicate (SS) is industrial products, the module is 3, the concentration is 

40%; pH value regulator: Fenxi Chun NaOH,  using Fenxi Chun match HCl concentration of 

1mol/L. 

Table 1Main mineral composition and size of the percentage 

Mineral’s name hematite ferrite quartz carbonate chlorite amphibole achmatite 

Size of 

percentage 
60-65 2-3 20-25 2-4 3-5 1-2 1-2 

Test Method  

Fine particles (W0) of water mixed with the test, matching 2% the concentration of ore pulp 

800ml in 1000ml beaker, using high-speed digital IKA RW20 stirring instrument mixing, stirring 

after the ore pulp, the settlement 1min, with the next level siphonic law lessons 650ml, the 

remaining Weighing ore pulp drying filter (W). W-W0 defined as the ratio of the sedimentation rate 

Es, as a measure of fine particles in the water dispersion medium, that is 

%100
0

×=
W

W
ES

                               （1） 

Sedimentation rate of particles under test ES larger particles that are dispersed, the worse the 

effect, on the contrary, the particles dispersed, the better the effect.  

Test results and discussion  

The quality of water and pH effects on fine particle suspension dispersion behavior 

Placing the mine in distilled water and tap water mixed media, adjusting pH to 2, 4, 6, 7, 9, 11, 

12 , mixing speed at 1000r/min, stirring time is 5min, temperature 25 ℃, the time of settlement 

is1min, ES settlement of its rate as shown in Figure 1. 

It can be seen that the micro-particle in the water, a wide range of pH in the range of 2 to 14 

have a strong mutual condensate, in distilled water at pH 9 after the settlement is significantly lower 

in the vicinity of pH11 minimum efficiency of the settlement, continue to rise High-efficiency 

settlement pH change, the quality of water and pH has greater impact in fine particle suspension 

dispersion behavior , the fine particle dispersion effect of distilled water medium is stronger than 

tap water; distilled water in the medium strong alkaline conditions, the effect of scattered stronger 

than in neutral and acidic conditions.  
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fine particle suspension dispersion behavior 
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Dispersant on the fine particle suspension dispersion behavior  

Mixing mine with distilled water, adding dispersant SHP, STPP, SS 5mg/L, then adjust pHto 

2, 4, 6, 7, 9, 11, 12 , stirring speed at 1000r/min, stirring time is5min, temperature at 25 ℃, the time 

of settlement is 1min, the settlement rate of ES shown in Figure 2. 

Figure 2 shows three disperser have clear anti-condensate each other, after the pH of distilled 

water highter than 7 , the settlement rate reduced significantly, when the pH at 11 the settlement 

efficiency reached the least point , if continued to increase the pH settlement efficiency just had a 

little change, the result match with no disperser in fine particle suspension with the spread of pH 

changes in trends in a very good relationship, and the order of ability to spread is SHP> STPP> SS.  

Dispersant’s use level effects on fine particle suspension dispersion behavior 

Mixing mine with distilled water, adding dispersant SHP, at the use level of  0.625mg/L, 

1.25mg/L, 2.5mg/L, 5mg/L, 10mg/L, 15mg/L; STPP has the same use level with SHP; SS’s use 

level at 2.5mg/L, 5mg/L, 10mg/L, 20mg/L, 40mg/L, 60mg/L; adjusting ore pulp’s pH to 11, stirring 

speed at 1000r/min, stirring time is 5min, temperature at 25 ℃, the time of settlement is 1min, the 

result shown as in Figure 3.  

It can been seen that, with the disperser gradually increase the use level ,the settlement rate has 

been gradually reduced, the effect gradually dispersed.If want to fully dispersed micro-fine-grained 

minerals, SHP’s use level is 3mg/L, STPP at 5mg/L, when the use level of SS reaches 20mg/L 

sedimentation rate decreases no longer, it’s effection is slightly weaker than the SHP and STPP.  

Stiring speed effects on the fine particle suspension dispersion behavior  

Mixing mine with distilled water, adding dispersant SHP, the use level is 5mg/L; STPP’s use 

level is 5mg/L; and SS at the use level of 20mg/L; adjusting ore pulp’s pH to 11,setting stirring 

speed at 600r/min, 800r/min, 1000r/min, 1200r/min, 1400r/min, stirring time is 5min, temperature 

at25 ℃, the time of settlement is 1min, the settlement rate of ES shown in Figure 4. 

 

 

 

 

 

 

 

 

 

It is known that from figure 4, with the speed of stirring constantly increase, the settlement rate 

is lower step by step, but if the speed is above 1000r/min the settlement rate just has a little change, 

so stirring speed has a great effection on the fine particle suspension dispersion behavior , when the 

time and the use level of dispersant are certain, the next step is fix the stirring speed for fine particle 

suspension.  

Stirring time effects on fine particle suspension dispersion behavior 

Mixing mine with distilled water, adding dispersant SHP, it’s use level is 5mg/L ;STPP’s use 

level is 5mg/L; SS’s use level is 20mg/L; adjusting ore pulp’s pH to 11, stirring speed at 1000r/min, 

stirring time at1min, 2min, 3min , 4min, 5min, 6min,  at temperature of 25℃ , the time of 

settlement is 1min, the settlement rate of ES shown in Figure 5. 
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Figure 4 Stirring speed effects on the fine 

particle suspension dispersion behavior 

Figure 3 Dispersant’s use level effects on 

fine particle suspension dispersion behavior 
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Figure 5 Stirring time effects on the fine particle suspension dispersion behavior 

It can be seen that from figure 5, with the icrease of stirring time, the settlement rate has been 

gradually reduced, when stirring time more than 4min, the settlement rate will remain basically 

unchanged, so when the use level of dispersant and the speed of stirring are certain, the stirring time 

has a greater impact on fine particle suspension of decentralization,  there is a certain time to let 

fine particle suspension dispersed to achieve stability. 

Scattered Mechanism  

From analysising the main mineral composition and the size of percentage content of oolitic 

hematite, we know that the main composition of mixed ore are hematite and quartz, besides, it 

contains a small amount of limonite, chlorite, and other easy-mineral mud. According to the DLVO 

theory, when there is no disperser, the fine particles dispersed suspension stability of the system 

will depend on the role of the gravitational potential energy of the van der Waals (UA), electrostatic 

potential energy (Uel) and membrane hydration repulsion potential energy (UHR) and the. UA has 

always been able to attract, Uel depends on the fine particles of ζ potential value and its symbols, 

UHR and the degree of surface water are closely related; dispersant exists, it will be extended 

DLVO theory, the total energy (UT), said: UT = UA + Uel + UHR + Ust + ... ..., for which the Ust 

steric energy.  

It must add in the alkali and dispersing agent to let ore pulp in dispersed state, the role of the 

alkali is to enable the particle surface to increases the negative potential, so that between the 

particles is dispersed by the exclusion of like electricity. Most of dispersants are hydrophilic 

material, they absorption on the surface of the mine to increase the hydrophilic pills, and promote 

the the stability of particles. Water glass (SS) can generate rubber in the ore pulp, hydrolysis and 

dissociat H2SiO3 elements, SiO32-and HSiO3-plasma, these ions, molecules or particles adsorbed 

on the surface of minerals, have greatly boosted the particle surface Hydrophilic. Sodium 

tripolyphosphate (STPP) is a multi-charge of a micelle structure of the electrolyte, which charge 

more than micellar absorption in the mineral grains on the surface to enhance the mineral grains on 

the surface of the potential negative. Six sodium (SHP) has a unique structure of the molecules, 

resulting in water ionization (Na4P6O18) 2 - and PO43-, mineral absorption in the grain surface can 

be enhanced not only tablets ore on the surface of the water, but also have a strong space - 

Resistance effect.  

In the water media, at the broad range of pH (2 to 12), fine particle suspension setting each 

other strong phenomenon can not be avoided, mainly because of the existence of Ca, Mg ion in the 

water, Ca, Mg ion would undermine the existence of suspension dispersion’s stability. In the 

high-Ca, Mg ion the existence of strong alkaline medium, fine particle’s interaction is not agree the 

DLVO theory ,at this time, calcium and magnesium on the way of surface sediment absorpt on the 

surface of minerals, the fine particle precipitation will depend on the surface of the bridge So that 
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the role of the United Mine occurred tablets non-selective coagulation, and damage the tiny mineral 

grains in strong alkaline solution of the stability of dispersion. In the distilled water medium in 

which exist little of Ca, Mg ion, fine particle suspension in pH2 ~ 7 occurred in the scope of each 

condensate strongly, strong alkaline conditions has improved dispersion effect. This is mainly 

because quartz’s isoelectric point is about pH1.7, and hematite’s about pH6.2, the two minerals 

have contrary electricity on the surface, the role of static electricity to attract each other, the 

suspension system will inevitably occur each condensate, with the increase of pH value, the surface 

of the mineral potential of the two symbols the same as mutually exclusive, pH value, the higher the 

more negative potential ζ, the stronger the role of exclusion. Added in the SHP, STPP, SS three 

dispersant, the dispersant in the particle surface, on the one hand, an increase of minerals on the 

surface of the run so that the UHR value increased humidity, On the other hand, three types of 

dispersant in the mineral surface to produce steric effect Ust, to join the three dispersant can make 

the role of the potential energy of the total increase, to a very good anti-setting role of each other.  

Conclusion 

(1) The water quality has a great impact on fine mineral particles dispersed suspension of the 

stability , the existence of Ca, Mg ion will undermine the stability of dispersion, make the 

occurrence of non-selective particle coagulation. It is essential to soften of water quality to the 

selective flocculation of fine-grained hematite. 

(2) Scattered three dispersant capability for the strength of the order of SHP> STPP> SS, to 

dispersed fine oolitic hematite, SHP need to 3mg/L or so, STPP need to 5mg/L or so, SS dispersed 

the weakest capacity to Dispersion stability of the need to 20mg/L about, three dispersant in strong 

alkaline medium (pH11 or so) to achieve the best ability to spread.  

(3) Stirring speed and mixing time on the fine particle suspension dispersion stability as 

important, given the conditions, to achieve stability of the fine particle dispersion, mixing speed and 

mixing time, to determine the existence of a value. 
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Abstract: Spallation of concrete under dynamic loading has been the hot issue of concern about 

civil engineering structures and protective engineering. In the present paper, the principle of 

propagation of stress wave and the induced spallation process along a one-dimensional bar and the 

RFPA-Dynamics code which considers the heterogeneity of the concrete materials are briefly 

introduced. In order to numerically investigate the effect of mesh size of numerical model on the 

computational results, the failure process of concrete with three mesh sizes under dynamic loads 

was numerically simulated using RFPA-Dynamics code. Numerical simulations show that the 

failure patterns of concrete with different mesh sizes under dynamic stress waves are different. It is 

found that for the numerical models with the same mechanical parameters, the smaller mesh size of 

the numerical model is, the longer propagation of stress wave delay, the smaller the compressive 

stress is, thus the greater the tensile stress is, and the number of cracks is increasing, in general, 

rupture is more serious. The accuracy of mesh is little to improve when the number of the grid 

increases to a certain value.  

Introduction 

Dynamic failure of materials has been the hot issue of concern about aerospace, civil engineering 

structures, defense projects, and so on [1, 2]. As a building material widely used in human activities, 

spallation of the concrete wall on the inner side of the protective structure poses threat to the 

personnel and equipment inside the structure even though the structure and the wall itself do not 

suffer general failure. Extensive studies on the mechanical behavior of concrete for protection 

against short duration dynamic loading effects have been made in the last few decades [3]. Through 

progress has been achieved, the analysis of concrete structures subjected to dynamic loading is still 

a very complex issue. In recent years, with the development of computer technology, numerical 

methods have been the most popular way of studying the problem of dynamic failure of brittle 

materials such as concrete. Some techniques or numerical tools such as LS-DYNA have been used 

to study the mechanical response of concrete structures. As we know, the finite element method is 

mesh-dependent, different results are caused by using different mesh sizes which is important to the 

analysis of the modeling results. Thus, in order to investigate the effect of mesh size on the 

propagation of stress wave and the spallation of concrete under dynamic loading, the propagation of 

stress wave along the concrete rod and the spallation of concrete rod with three sized meshes under 

dynamic loading are numerically simulated and the failure patterns of concrete rods with different 

mesh size were compared in this paper.  

© (2011) Trans Tech Publications, Switzerland
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Theory of Propagation of One-Dimensional Stress Wave in Rods 

The stress wave is transmitted from left to right, when the incident compressive stress wave is 

transmitted into the left, and reflects in the free surface as the unloading wave, it interacts with the 

end of the unloading waves. When the resultant stress is only slightly higher than the fracture 

strength of the material, at this time spallation is caused. When the first spallation occurs, new free 

surface are being created by the flaking off of the spalls. It follows that the shape and amplitude of 

stress wave has a significant impact on spallation. The maximum transient tensile stress fracture 

criterion [4] is first proposed in the form of Eq.1: 

cσσ ≥ .                                                                     (1) 

According to the geometrical relationships [4], Eq.2 demonstrates the thickness of the first 

spallation and Eq.3 defines the reflection time for the start time:  
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where cσ  is spalling strength of the materials. When the maximum tensile stress σ  is higher than 

spalling strength cσ  of material, it will occur to spalls. According to the waveform, amplitude and 

different spall strength of the materials, fracture of the specimen may be caused many times. Based 

on theory of one-dimensional stress wave in rods, we assume that cσ  is the tensile strength of the 

material,λ  is a wavelength, mσ  is amplitude, 0C  is wave velocity for the triangular stress wave 

in the free end of a long straight bar, 1δ  denotes a distance from the free face when spalling occurs. 

Brief Outline of RFPA-Dynamics 

In this paper, the spallation of concrete is numerically simulated by the RFPA-Dynamics Code for 

mesh effect [5, 6]. The RFPA-Dynamics Code, which has the same basic idea with the basic version 

of RFPA except for the dynamic finite element algorithm, which are using to simulate. Spallation 

process of stress waves in inhomogeneous media under the impact loads. In this paper, Weibull’s 

distribution is mainly due to taking into account the heterogeneity of concrete, and a homogeneity 

index is introduced to represent the heterogeneity of the various units. The stress and the 

displacement is calculated by finite element method and used maximum tensile stress (or tensile 

strain) and Mohr-Coulomb criterion as the threshold condition .Describing to damage evolution of 

the units is based on constitutive relation to elastic damage [5, 6]. In this paper, mesh effect on 

Numerical Simulation of the spalling of concrete is studied by using RFPA2D-Dynamic program 

under the impact loads.  

Mesh Size Effect 

Model Set-up. To validate the numerical model, a homogeneous and isotropic bar sample subjected 

to a triangle pressure incident wave was used for the simulations, The one-dimensional bar model 

with 5mm in width and 100mm in length is studied in 2D plane stress problem, as shown in Fig.1(a) 

and the applied stress waveform acted on the bar is shown in Fig.1(b). The compressive stress is 

imposed at the left end, acting on a triangular pulse and the right end of it is kept free. According to 

the young’s modulus and density can be calculated as one-dimensional wave velocity 4000m / s, 
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and therefore wavelength λ = 24mm. No strain rate effect is considered for the mechanical 

parameters such as Young’s modulus and tensile strength of concrete in this paper. The parameters 

and calculation conditions are listed in Table 1.  

   

(a)                                          (b) 

Fig. 1  (a)Numerical model of the propagation of stress wave along a one-dimensional bar 

(b)Applied incident waveform acted on the concrete model. 

Table 1  Material Properties for the model 

Young’s Modulus Uniaxial compressive strength Poison’s ration Density [kg/mm
3
] 

Homogeneity 

Index 

Mean 

[MPa] 

Homogeneity 

Index 

Mean 

[MPa] 

Homogeneity 

Index 

Mean 

[MPa] 

2.5e-6 200 40000 200 200 100 0.25 

 

For the sake of better study of mesh effect on numerical simulation of the spalling of concrete, in 

this paper, we assume that the other mechanical parameters are consistent, and the shape of grid is 

divided into square, while grid sizes are: 5×100, 10×200, 15×300. Different specific models are 

shown in Fig.2.  

 

Fig. 2  Numerical model with different mesh sizes (a) 5×100, (b) 10×200 and (c) 15×300. 

Modeling Results and Analysis. The following diagrams show propagation of the one-dimensional 

stress wave in the rods and cracking process with different mesh sizes, where the level of gray are 

defined as the value of the shear stress. In Fig.3 (a), the individual units have been damaged because 

the grid of the specimen 1 is large, concrete is correspondingly homogeneous, when the incident 

wave propagates from left to right. When t = 25µs, the stress wave reaches the end of the specimen, 

and then the compression stress waves as a tensile wave is reflected with others. When t = 27.3µs, 

the sample occurs in the first spallation. With the time duration, all of the compression stress waves 

are reflected as tensile stress waves, which cause a new round of spallations, but the fracture parts 

are concentrated and not caused the diffuse peeling rupture, which deviate from laboratory 

experiments. Fig.3 (b) shows that as the incident wave propagate, the individual units aren’t 

damaged like the specimen 1. When t = 25µs, compression stress wave is reflecting in the free face. 

The first spallation appears at a distance of 4.5mm from the right end of the free surface at t = 

27.4µs. With the time duration, the compressive stress waves are reflected as tensile stress waves, 

and the new spallation are caused, where many cracks appear. It can be seen from Fig.3(c) that the 

mesh is relatively smaller, so concrete is more heterogeneity. Due to this, the stress waves reflect 

and refract clearly in the figures. With the action of stress wave, When t = 25µs, compression stress 

wave is reflecting in the free face. The first spallation appears at a distance of 4mm from the right 

0, 20 

6, 0 

M

t/u

t/us 

MPa 

100mm 

5
m

m
 

Shaobo Zhong, Yimin Cheng and Xilong Qu 931WWW.BEHSAZPOLRAZAN.COM



end of the free surface at t = 27.4µs. With the time duration, the visible cracks are formed around 

the multiple spalling. As mesh is smaller, Fracture serious clearly than those of the specimen 1, 2 at 

the right end, and because of large enough to crack gaps, block of cracks will fly, which is what we 

often say it “scab”. As can be seen from the above his time of the simulation results is relatively 

consistent results with the value of theory. As shown in Fig.4, different grid sizes of the models 

bring different results. Correspondingly, spalling thickness, time and stress strength is calculated 

with different grid sizes, which is given in Table2. 

 

(a) 5×100 elements 

 

(b) 10×200 elements 

  

(c) 15×300 elements 

Fig. 3  Failure processes of concrete with different mesh sizes at t=5, 10, 15, 25, 27.5, 30 us 

Table 2  Numerical parameters for the model 

No. Size 

[mm×mm] 

Mesh 

[mm×mm] 

Spallaion 

thickness [mm] 

Spalling 

time[us] 

Tensile stress with 

spalling[MPa] 

1 5×100 5×100 7 27.3 10.594 

2 5×100 10×200 4.5 27.4 10.205 

3 5×100 15×300 4 27.4 10.181 

 

Fig. 4 Compressive stress wave propagation at different time 25us, 27.5us, 30us 

 

Fig. 5 Tensile stress wave propagation at different time 25us, 27.5us, 30us 

It can be seen from Fig.4 and Fig.5 that the smaller grid is divided into, the longer propagation of 

stress wave delay, the smaller the compressive stress is, the greater the value of tensile stress is, and 
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the number of cracks is increasing, in general, rupture is more serious for concrete with same 

parameters. Fig.6 shows clearly that the tensile stress rupture with the smaller mesh, so the value of 

the tensile stress is smaller, eventually approaching a stable value. With the non-linear analysis, 

when the compression wave reflect as a tensile stress, which exceeds the tensile strength of concrete, 

and induce fractures and cracks, if mesh size is large, the value stress are averaged at the crack units, 

unit stress value is smaller than that of the actual stress fields; but if mesh size is smaller, the unit 

stress value is close to the actual stress. Therefore, large mesh size is hard to damage; on the 

contrary, when using smaller grid size, cracking develop better, correspondingly capacity of internal 

energy release is weaker, which leads to stress smaller value than the actual structure. It follows that 

RFPA-Dynamic is effective in capturing stress wave propagation and analyzing mesh size effect. 
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Fig. 6  Relationship between mesh size and tensile stress with spalling 

Summary 

In this paper, we used a numerical simulator with the advantage of direct simulation of fracture and 

fragmentation, which considers the heterogeneity of material properties, to investigate mesh size 

effect on spallation of concrete. Firstly, the numerical model was validated by a concrete bar sample 

with a free end subjected to a triangle pressure incident wave, and then the grids were divided into 3 

different sizes. Secondly, the spallation of concrete subjected to dynamic loads was simulated to 

examine the propagation of incident compressive stress waves and study the failure pattern and 

failure mechanism of spallation of concrete. Numerical simulations capture the failure pattern of 

concrete with different mesh sizes, which is obviously different from the failure pattern of concrete. 

The approach suggested in this paper also can be used generally for mesh effect on spallation of 

concrete under dynamic loading. The outcomes showed the grid size is selected, to a large extent, 

which affected the results. In general, the smaller the mesh is divided into, the higher accuracy is. 

However, when the number of the grid increases to a value, the accuracy of mesh is little to improve, 

which lead to wasting the computing time and running space.  

References 

[1] M.L. Qi, X.Y. Qin, L. Zhang, H.H.Liang and S.L.Yan: Journal of Wuhan University of 

Technology Vol. 29 (2007), p.72. 

[2] M.A. Meyers and C.T. Aimone: Dynamic fracture (spalling) of metals. Progress in Material 

Science Vol. 28 (1983), p.1. 

[3] A. Brara, F. Camborde, J.R. Klepaczko and C. Mariotti: Mechanics of Materials Vol. 33 (2001), 

p. 33. 

[4] L.L. Wang: Foundation of stress Waves (National Defense Industry press, Beijing: 2005). 

[5] T. Xu, Q. Xu, Y.J. Zuo, L. Yuan and P. Liu, in: The 5th International Symposium on In-situ 

Rock Stress, edited by Furen Xie, CRC Press/Balkema (2010). 

[6] W.C. Zhu, S.M. Shang, Z.H. Li, C.H.Wei and L.Zhu: Journal of Building Materials Vol. 11 

(2008), p. 710. 

Shaobo Zhong, Yimin Cheng and Xilong Qu 933WWW.BEHSAZPOLRAZAN.COM



Method of Concept-Drifting Feature Extracting in Data Streams based on 

Granular Computing 

Chunhua Ju1, 2, a, Zhaoqian Shuai1, b 

1School of Computer & Information Engineering, Zhejiang Gongshang University, Hangzhou, China 

2Center for Studies of Modern Business Zhejiang Gongshang University, Hangzhou, China 

a jch@mail.zjgsu.edu.cn, b zhaoqianshuai@gmail.com 

Keywords: Granular Computing; FCA; Data Streams; Concept-Drifting; Feature Extracting 

Abstract. Business data streams are dynamic and easy to drift, extract concept-drifting feature is 

one important work of data streams mining. This paper describes the characteristics and the concept 

drift of data streams, and constructs the formal concept description model of streaming data based 

on granular computing firstly. Then, the paper proposes the concept lattice pairs’ based concept 

relaxation-matching coincidence degree algorithm; the feature extraction method is also described. 

Finally, experiment and analysis are presented in order to explain and evaluate the method.  

Introduction 

With the rapid development of the computer, network and communication technology, many 

applications have high-speed and dynamic data. These continuous, rapid and over time data is 

called data streams. The dynamic characteristic of the data streams is usually the target concept, that 

is, the interest concept often occur a fundamental change. Changes in the hidden context can induce 

more or less radical changes in the target concept, producing what is generally known as concept 

drift
 [9]

. Concept drifting, that is, the phenomenon which the goal classification model changes with 

such changes in data characteristic over time
 [1]

. 

Granular computing (GrC), as a new research field for the study of data mining, is a conceptual 

framework for many issues
 [7]

. Yao [2] explained the data, knowledge representation and processing 

based on GrC, discussed the basic tasks of data mining is to find the right level of granularity for the 

data and knowledge representation, the method applicable to the static data modeling, but does not 

apply to the dynamic data streams. Formal concept analysis (FCA) is a method based on lattice 

theory, which deals with the relationship between objects and attributes of formal context in a 

certain field
 [4]

. So, we can constructs the description of formal concept model of streaming data 

based on concept lattice, and then extract their features. 

Data Streams Modeling based on Granular Computing 

A framework is proposed for rule mining based on formal and mathematical modeling in [3]. 

Within this framework, a concept is defined as a pair consisting of the intension, an expression in a 

certain language over the set of attributes, and the extension, a subset of the universe, of the 

concept. Intensions are defined by formulas of a language and extensions are defined by subsets of 

objects in the universe. GrC based concept analysis mainly has the following steps: (1)concept 
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hierarchy, establishing relations between concepts, (2)describe the intension and extension of 

concept, (3)analyze the coincidence on extent, (4)identify and evaluate drifting features.  

Data streams can be described by attributes of data streams. Data streams can be represented 

by multi-dimensional set of attributes, which include time, transaction set, a limited non-empty set 

of attributes, formal description rules and so on. 

Definition 1: Data Streams. DS = {TP, U, A, { | a}, { | a }, {| a },}. TP is a time period, and could 

be set one second, one minute or one hour, etc. It implies a time granule A time period TP is 

defined by a time section, written with. Where is the begin time of the time period, and is the end 

time of the time period. U is a finite nonempty set of objects. A is a finite nonempty set of 

attributes.  is the extension of the concept.  is the intension of the concept. is the mapping from 

object to attribute, called membership function. is corresponding the concept of connotation to the 

average membership of each attribute , which reflects the degree of each attribute in the concept.  

shows each object to average level of the average membership of each attribute in the concept of 

connotation , which reflects divergent degree of this concept.  

Definition 2: Fuzzy Formal Context. A fuzzy formal context is expressed as K= (U, A, I), which 

U is set of objects, A is set of attributes and mapping I is membership function, and I: U×A→[0, 1]. 

Definition 3: Window. For every attributes in fuzzy formal context, set two thresholds θd and ψd, 

which are respectively the lower bound and upper bound of window and meet 0θd <ψd1. 

Definition 4: Mapping f and g. In the K =(U, A, I), OΡ(U)， DΡ( A) ( P is the symbol of power 

set), mapping f and g can been defined between Ρ(U) and Ρ( A). f (O) = { d| oO，θdI ( o, d) ψd } ;g 

( D) = { o| dD，θdI ( o, d)ψd }. 

Definition 5: Fuzzy Parameter σ. For object set O Ρ(U) and attribute set DΡ( A), D = f ( O), oO, d 

D, | O| and | D| are respectively the cardinality of O and D. If | O| ≠0 and | D| ≠0, then (1) , (2) 

Σ is a symbol of fuzzy set. When you need to specify the specific object set and attribute set, (O, D),  

and σ are respectively let (O, D) and σ (O, D). 

Definition 6: Fuzzy Parameter λ. For object set OΡ(U) and attribute set DΡ( A), D = f ( O), oO, 

dD, | O| and | D| are respectively the cardinality of O and D. If | O| ≠0 and | D| ≠0, then= (3), = (4) 

Definition 7: Fuzzy Concept. If OΡ(U) and DΡ( A) satisfy O = g ( D) an d D = f ( O), then C =(O, 

D, σ, λ) is called a fuzzy concept of fuzzy formal context K. O is the extension of C, and D is the 

intension of C, which are respectively calculated based on (2) and (4). 

Drift Feature Extracting Based on GrC 

A. Concept Coincidence 

This section will combine the intension and extension of fuzzy concept, and the relationship of 

concepts, uses the method of formal concept analysis to analyze the indicators and characteristics of 

data streams and then extract drifting features. The relationships between concepts are studied based 

on their corresponding extensions
 [3]

.A concept is defined as a binary pair consisting of the intension 

and the extension, which can be expressed in the form, . The former element  is the sets of 

satisfiable transactions that are the extension of the concept, the later element  is a description of, 

and that is the intension of the concept. 

As the time goes on, DS is continuously updating, the elements of a specific time period of the 

DS are also changing: If the transaction data has been added (deleted), the extension of a concept 

may be expanded or hold (reduced or hold). If the adding and deleting happened in the same time 

period, the extension of a concept may be expanded, reduced or hold. In a word, the extension of a 

concept has been changed. If the concept is  at , it will change to  at . The current time period is , 

while  is the history time period. 
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Definition 8: Coincidence on Extent. The coincidence on extent of c1 and c2 is defined as  =,  

and  are the extensions of concept, is cardinality on its extension. 

Definition 9: Coincidence on Intent. The coincidence on intent of c1 and c2 is defined as = , here,  

is the σ deviation on a property in their respective concept of intersection of intension sets,  and  

are the intensions. 

Definition 10: Coincidence on Concept (CoC). CoC, is respectively the level of the concept CL1 

and CL2, and b is modification in consideration of the influence of concept depth. 

In general, a concept of data streams,, will drift as time goes on. The concept drifting in data 

streams is actually decided by the changes upon the extension of the concept, that is, the meaning 

set of the concept is drifting
 [10]

. In concept lattices, the concepts of deeper level have more 

intensions but fewer extensions 
[6]

. By observing the changes of object and property sets in the 

concept lattices, we can detect drifting. 

Definition 11: Pride, concept lattice pairs’ based relaxation-matching
 [8]

 coincidence degree. 

The coincidence algorithm and the similar concept query algorithm are shown as follows: 

Pride. Input : CL1 and CL2,concept stack S, similar concepts set Set1, dissimilar concepts set Set2, similar concepts sub-lattices set Set3.; Output : 

relaxation-matching coincidence degree(pride), Set1, Set2, Set3; Initialize : Lcur = 1 , Set1 = Set2 = Set3 =  , Ccur = null , C* = null , CLcur = null 

Step 1. if Lcur has any concept not been queried, C is the concept has not been queried  then Ccur = C(U, A ,σ,λ)  else Lcur = Lcur + 1 

if Lcur > Lmax then goto Step 4 

Step 2. C* = FindSimilarConcept ( Ccur , CL1 , CL2)   

if C* = null then Set2 = Set2Ccur , goto Step 3  else Set1 = Set1{ ( Ccur , C*) } , CLcur = CLcur{ ( Ccur , C*) } , C* = null 

if child( Ccur) = null then goto Step 3  else push( Ccur , S) , Ccur = child( Ccur) , repeat Step 2 

Step 3. while ( top( S)!= null) 

if has child never been queried then Ccur = child( top( S) ) , goto Step 2 else pop( S) 

if CLcur != null then Set3 = Set3CLcur , CLcur = null 

goto Step 1 

Step 4. Set n as the cardinality of similar concepts sub-lattices set Set3, every similar concepts sub-lattice contains more than one concept node; set m as 

the sum of all concepts in the similar concepts sub-lattice. Concept lattice pairs’ based concept relaxation-matching coincidence degree, that is,  

Pride(CL1, CL2) = . 

FindSimilarConcept(Ccur , CL1 , CL2). Input : concept lattices CL1 and CL2, current concept C; Output : similar concepts 

Step 1. set CL1 as the basis concept lattice, compute coincidences between concept C and all concepts in the |A| layer of CL2, taking one of the largest 

degree of the concept of coupling, and denote it by C '. 

Step 2. Compute coincidences between C and the child or father concept of c’, taking the largest degree of the concept of coupling, and denote it by C*. 

Step 3. If the coincidence on C and C* satisfies coincidence(C, C*) , which  is the threshold of concept coincidence, then, C* is similar to C and query 

successful. Otherwise, query failed. 

B. Drift Feature Extracting 

Data streams change as time goes on constantly, concept lattices are also updating continually. 

Analyze two periods of data streams information sets by concept lattices, and call the algorithm. We 

can get the newest similar concept set Set1, dissimilar concept set Set2, similar concept sub-lattices 

set Set3 and relaxation-matching coincidence degree. And then the key similar concept lattices can 

be fixed, which are the feature attributes set. The key similar concept lattices is related to Set1 and 

Set3, and it is concept set that elements have the higher concept coincidence degree in more than 

one key similar concept lattices. CL1 is the concept lattice of DS at, while CL2 is the concept lattice 

at. By analyzing the “Pride” to detect the possibility of the concept drift occurs, then get the key 

similar concepts sub-lattices and dissimilar concepts set in continuous time series using the 

algorithm of “Pride”. After that, the drifting features can be detected by analyzing the evolution of 

key similar concepts sub-lattices and the extension changes of every concept in the dissimilar 

concepts set. The process is shown in Figure 1.   
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Figure1. Extract drifting feature. 

Actually the concept drift of DS is determined by the change of concept extension, that is to 

say, the meaning collection of concept drift 
[10]

. In GrC, we can say the range of the object the 

concept can depict changesyooo. When the extension of the concept extends (shrinks), the 

extension of the concept becomes stronger (weaker), this is to say, the coincidence of the extension 

increases. Both concepts extend and shrink can cause concept drift. Based on the concept collection 

of extension change from the analysis of differing concept collection set2, these extension changes 

are the key factor to concept drift. Extension change can be described as the numbers of attributes 

the object includes change, or, the distribution of attributes in the object changes. 

Experiment and Analysis 

Now we'll analyze concept drifting feature extracting through the following example. Table 1 and 

figure 2 respectively show formal context and concept context CL1 of one time quantum table 2 and 

figure 3 respectively show the formal context and concept context CL2 of the following time 

quantum table 3 shows the mapping relationship between the two lattices. 

   
                                             Figure 2. CL1.              Figure 3. CL2. 

            Table 3 Concept hierarchy and mapping                       Table 4 Result of coincidence analysis 

Hierarchy Concept 

Lattice 

Mapping Concept 

Lattice 

Mapping  Output Value 

1 Mapping 

in CL1 

A→ Mapping 

in CL2 

A’→  Set1 {{A,A’},{B,B’},{C,C’},{D,D’}, 

{F,F’},{G,G’},{H,H’},{I,I’}} 

2 B→, C→,D→ B’→, C’→,D’→  Set2 {E,E’} 

3 E→ F’→, ’→, 

H’→,E’→ 

 Set3 {{A,A’},{B,B’},{C,C’},{D,D’}, 

{F,F’},{G,G’},{H,H’},{I,I’}} 

4 F→, G→,H→ I’→  Pride 0.65 

5 I→     

Suppose the threshold of CoC is 0.6, we can get set1, set2, set3, and “Pride” listed in the 

following table through the pride algorithm to CL1 and CL2. From the table we can know that in 

current time, concept lattice pairs CL1 and CL2, the key concept sub-lattice contains {A, B, C, D, F, 

G, H, I}. It's the concept E:and F: that cause the change, of which the coincidence of E and E' are 

low, being the characteristic concept causing concept drift. The result of coincidence analysis is 

shown in table 4.  
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Conclusions 

In this article, we have put forward the modeling way of implied concept drift of data streams 

and feature extraction, and also analyzed the changes of intension, extension and concepts based on 

coincidence. This method shows that GrC is a formal way for mining data streams. Besides, we 

found that there are several aspects to further study as follows: fast algorithms for building concept 

lattice; fast and effective method for searching similar concept; considering the characteristics of 

specific business data streams in modeling and algorithm designing. 
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Abstract With transformation of medical model and development of medical and health service, 

nurses often appear the phenomenon of job burnout. Sampling questionnaire of nurses’ formal 

backgrounds and MBI-SS, we conduct a survey on 280 re-post professional nurses who have been 

working for one or more years to know the present situation of job burnout and to analyze relative 

factors, thus providing a theoretical basis for solving the problem of nurses’ job burnout in 

Tangshan private hospitals. The result shows that the job burnout phenomenon is widespread; the 

job burnout level of male nurses is lower; PD’ nurses are easier to feel burnout and ED’ nurses have 

low personal accomplishment; the more satisfaction to higher salary, the lower of their job burnout. 

All these indicate that, it does help to relieve nurses’ sense of burnout, if we arrange their job 

volume appropriately, improve their treatment. 

1 Introduction 

  Job Burnout refers to the undivided shows a body and mind excessively consumption and 

exhaustion syndrome under the work pressure for a long time. 

  With the changes of medical mode and development of medical health service, nursing faces 

more opportunity and challenges, nurses also bear an increasing pressure from society and work. 

Under the pressure of society, medical and their career, the majority of nurses feel fatigue in body 

and mind which severely influence their families and life, which attribute expand of mobility of 

nursing team and decline of quality of nursing. 

In 1970s, American clinical psychologist Fredenberger and social psychologist Maslach have a 

profound study and raise the item “Job Burnout”, which, as proper noun is listed into the science 

reference
[1]

. They designed Maslach Job Burnout questionnaire (MBI) which is the classic test 

instrument for job burnout field.  

In 2001, a questionnaire came from the hospital of America, Canada, German, England and 

Scotland five countries. Its result shows that hospital’s job burnout phenomenon is very serious
[2]

. 

Domestic scholar Lixiaomei found nurses’ highly emotional exhaustion account for 59.1%. highly 

depersonalization 34.5%, highly personal accomplishment 53.2% when he study the nursing job 

burnout
[3]

. Zhumadian Center Hospital in Henan province has a questionnaire survey to 325 nurses. 

The result shows that nursing job burnout account for 48.7%
[4]

. Lixiaowen had a survey to 330 

clinical nurses in general hospital and found the nursing job burnout with a high incidence
[5]

. 

This article has a survey to nurses in Tangshan private hospitals and analyze their job burnout 
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condition and relative factors, so as to find the effective strategies and methods to decline nurses’ 

job burnout. 

2 Subjects and Methods 

2.1 Subjects 

The subjects of this research are 280 or the job professional nurses with one or more than one 

year working experience among 6 private hospitals in Tangshan. 

2.2 Methods 

Use the multistage sampling method: firstly, select 6 private hospitals by means of sampling 

method at random; secondly, based on the classification of Internal Department(ID), Surgical 

Department(SD), Gynecology and Obstetrical Department(GOD), Paediatrics Department(PD), 

Emergency Department(ED)，ICU and other medical-assisted departments, a certain amount of 

nurses are elected at random from the above departments as the subjects.  

The nurses are surveyed in form of voluntary questionnaires. The questionnaire -consist of 2 

parts: questionnaire of nurses’ formal backgrounds and MBI-Human Service survey(MBI-SS). 

MSI-SS was inverted by American psychologists Maslach and Jachson in 1986
[6,7]

. It consists of 22 

clues and 3 dimensions:①Emotional Exhaustion(EE) ②Depersonalization ③Personal 

Accomplishment(PA). Every clause has 7 subclauses. The subclauses are scored from 0 to 6. The 

sum of the clauses in each dimension is the score of each dimension. Each dimension of 

professional laziness is divided into 3 stages for assessing
[2]

.If the score of EE is below 19, then the 

degree is light; 19-26, modest; over 26, high. If the score of Depersonalization is below 6, the 

degree is light; 6-9, modest; over 7, high. If the score of PA is over 39, light; 34-39, modest, below 

34, high. Before carrying out formal questionnaire, so subject are elected for initial research, with 

no limit of credits and the Cronbach’s α: 0.738. 

2.3 Statistical Analysis  

All the materials are analyzed by establishing database in Excel and applying to SPSS13.0 

software. Apply t-test and variance analysis to compare the state of nurses’ job burnout; and apply 

multiple-liner regression analysis to analyze the factors that affect that state. P＜0.05 explain that 

the disparity has statistic significance. 

3 Results  

This research has distributed 280 questionnaires, retrieving 280 in the rate of 100%. Except for 

13 ineffective questionnaires, there are still 267 effective. The effective rate can reach 95.36%. 

3.1 The general condition of researching object 

Among the 267 effective questionnaires, the youngest researching object is 18 years old and the 

oldest is 54. The female is in the percentage of 87.6%.The number of nurses in ID is the largest, the 

number of nurses in ICU is the smallest. 

3.2 Present situation of nurses’ job burnout 

To analyze nurse career, we found that: the nurses have moderate than 83.5% more EE; 83.5% 

have moderate above to Depersonalization. 95.5% have moderate above to PA declined. Result hint, 

nurses’ job burnout in the private hospitals is generally exist, and the burnout degree presenting in 

the three dimensions is not optimistic. (chart 1, sheet 1) 
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Chart 1  The condition of the burnout degree in the three dimensions 

Sheet1  The condition of the job burnout’s total score and dimensions 

items n x±s 

EE 267 28.57±10.60 

Depersonalization 267 11.24±7.32 

PA 267 21.51±9.50 

The total score 267 61.32±22.78 

3.3 Analysis on influential factors of job burnout 

3.3.1 Single factor Analysis 

3.3.1.1 The relations between demographic characteristics of subjects and job burnout 

  The results show that its influence factor is gender in terms of the total score of burnout and EE. 

The level of fatigue of male nurse is lower than that of female nurses. As for PA, gender is its 

influence factor. PA of male nurse is lower than that of female nurse. However, age has no effect on 

both the total score of burnout and every aspect of dimension. The result is showing in the sheet 2. 
Sheet 2 Relationship between gender and job burnout（x±s） 

gender numbers The total score EE Depersonalization PA 

    male 33 49.91±20.35 23.70±9.02 10.00±5.88 16.21±9.25 

   female 234 62.93±22.68 29.25±10.64 11.42±7.49 22.26±9.32 

t  -3.12 2.86 1.04 3.49 

P  0.00 0.01 0.30 0.00 

3.3.1.2 The Relation between different department and job burnout 

Through the analysis, we find in different department the disparity between the total scores of 

nurses’ burnout and the scores of every other dimension has statistic significance. In the aspect of 

the total scores of burnout, EE and Depersonalization, PD’ nurses get the highest scores, while in 

the aspect of PA, ED’ nurses get the lowest scores. See results in sheet 3. 

Sheet 3 Relationship between department and job burnout（x±s） 

department numbers The total score EE Depersonalization PA 

ID 72 69.92±22.20 34.07± 8.47 11.35±7.12 24.50±10.25 

SD 48 59.27±24.87 25.29±12.90 12.52±10.84 21.46±7.40 

GOD 20 60.95±22.32 25.85±10.50 11.45±6.92 23.65±7.31 

PD 19 80.21±21.50 34.79±9.34 16.00±6.59 19.42±7.68 

ED 24 50.96±9.54 25.92±6.84 9.08±2.93 15.96±5.11 

ICU 17 69.65±7.79 34.59±7.40 10.00±4.65 25.06±8.18 

others 67 49.90±20.70 23.46±8.90 9.90±5.65 16.54±9.29 

F  9.50 11.14 2.48 10.09 

P  0.00 0.00 0.02 0.00 

3.3.1.3 The Relation between the patients’ numbers and job burnout 

From the results in sheet 4, there is the statistic significance between patients’ numbers and their 

total scores of burnout. More patients, the scores in PA will be the lower, while burnout is the higher; 

on the contrary, fewer patients, burnout is the lower. 
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Sheet 4 Relationship between the patients’ numbers and job burnout（x±s） 

patients numbers The total score EE Depersonalization PA 

＜20 81 64.73±19.87 28.23±9.73 12.32±9.20 24.17±7.78 

20～ 94 63.09±24.94 29.88±11.06 11.44±7.04 21.77±9.73 

40～ 67 58.00±22.27 28.32±10.80 10.48±5.48 19.20±10.44 

60～ 25 53.17±23.13 26.17±10.83 9.33±5.30 17.67±9.27 

F  2.31 0.93 1.39 4.93 

P  0.08 0.43 0.25 0.00 

3.3.1.4 Relationship between satisfaction degree of income and job burnout 

We can get something from sheet 5: firstly, as for the total score, EE and Depersonalization, the 

score about very dissatisfaction to income is obviously higher than other groups , and degree of 

languor ranks first. Secondly, as for PA, the score about very satisfaction to income is the highest, 

while degree of languor is the lowest. 

Sheet 5 Relationship between satisfaction degree of income and job burnout（x±s） 

degree numbers The total score EE Depersonalization PA 

Very satisfied 16 45.31±25.17* 18.92±10.66* 8.00±5.69* 28.38±12.12* 

Relative satisfied 96 55.17±20.35 25.88±9.75 9.57±5.54 19.72±9.54 

dissatisfied 97 64.01±20.99 29.18±10.06 12.27±6.49 22.57±8.28 

Very dissatisfied 58 70.69±23.96 34.29±9.58 13.00±10.21 23.40±10.27 

F  9.07 13.14 4.47 2.83 

P  0.00 0.00 0.00 0.04 

Annotations：*indicates that compared to other three groups, the difference is of statistics importance. 

3.3.2 Multivariate analysis 

Sheet 6 The multiple linear regression analysis of nurses' job burnout 

dimensions variables β
�

 SE β
�

标化 t P 

The total score gender 11.87 5.05 0.18 2.35 0.02 

 patients -0.19 0.08 -0.18 2.53 0.01 

 satisfaction degree of income 10.96 3.64 0.24 3.01 0.00 

EE gender 5.69 2.29 0.19 2.49 0.01 

satisfaction degree of income 4.79 1.66 0.24 2.88 0.00 

Depersonalization satisfaction degree of income 1.22 0.58 0.17 2.10 0.04 

PA departments -0.63 0.22 -0.19 2.83 0.01 

patients -0.09 0.03 -0.20 3.14 0.00 

According to the total score of burnout of MBI and three scores as the dependent variable, and 

using the single-factor which in the analysis of statistically significant as independent variables, we 

can do the multiple linear regression analysis.Sheet 6 shows, gender, the number of patients and the 

satisfaction about income which play a major role on burnout. Factors affecting the level of EE 

followed by gender and income satisfaction. Depersonalization and income satisfaction level have 

close relationship. PA is mainly caused by departments and the number of patients. 

4 Conclusion 

Nursing is one of professions of the highest pressure in the health care industry. The clinical 

psychological pressure the nurses bear has become an occupational risk, which is prone to 

extremely physical and mental fatigue and affects the efficiency and job satisfaction. 
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This study found that job burnout of nurses in private hospitals in Tangshan is prevalent. The 

total score of job burnout of nurses in those hospitals is significantly higher than the findings of 

Lichaoping’s
[8]

. The result also showed that pressure nurses are facing in the hospitals are quite high 

and also confirm that Nursing are a High- pressure job
[9]

. 

This research by the single factor analysis and multivariate analysis, studies respectively the 

impact of the age, gender, the number of patients and income satisfaction factors on job burnout . 

The results shows that the degree of job burnout of men’s is lower than women’s; PD’ nurses are 

easier to be tired; ED’ nurses have low PA; the more patients, more significant burnout; the higher 

satisfaction for nurses with income, the lower degree of job burnout . 

Therefore, in terms of individuals, nurses should know some concern knowledge of job burnout, 

study the skills of interpersonal communication. In terms of administrators in the hospitals , the 

attention should be paid to care, understanding care and support them with human, material and 

financial resources and appropriate method should be taken such as the establishment of 

psychological counseling institutions for nurses to provide psychological counseling and advisory 

services, communicative skills training
[10]

, optimization and adjustment of personnel, improvement 

of the working environment, development of a rational income distribution system, etc. These all 

help to reduce the degree of job burnout of nurses. 
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Abstract.To establish the model of hospitalization cost in patients with cerebral infarction based on 

neural network using artificial network mathematical model, and setting the appropriate parameters. 

LM, BR, OSS, SCG four algorithms were used respectively to model 3, 5,10,15, 20 neuron number 

in different hidden layers and comparisons between model fitting ability and its generalization 

ability were made. The model which involves a hidden layer, 8 input neurons, 15 neurons in output 

layer network is the optimal model by using OSS system.  

Introduction  

With the gradual deepening and continuous improvement of socialist market economic system, 

health system reform has made some progress. With it, various contradictions and problems 

emerged inevitably, of which the rapid growth of medical costs has aroused extensive attention. In 

recent years, the growth of medical costs is far higher than the GDP growth rate, so controlling 

medical costs has concerned people
[1]
.Identification and its function description to influencing 

factors to medical costs in inpatients play great role in medical security system’ operation.  

In the previous research to the cost of hospitalization, multiple linear regression as a statistical 

method was used mostly
[2、3]

. However, the influencing factor model in hospitalization cost is a 

typical multi-factor model with complicated action between the factors. In addition, the output 

factors themselves may also interfere with the efficiency of the existing statistical model fitting, 

such as confounding factors, multicollinearity and so on, while the existing linear mode couldn’t 

make perfect correction measures to such inference, and couldn’t handle the information with 

interference
[4]
. Application of neural networks to deal with the problem of nonlinear regression 

model could overcome the weaknesses of regression model. The property of model includes the 

distribution of information storage and parallel co-processing, and highly fault-tolerance and 

learning ability, and fitness to realistic models. 

BP neural network is a neural network learning algorithm, and the whole back propagation 

based artificial neural network, is one of the most widely used neural network models
[5]
. with 

minimum mean square error criterion , It carries out weight training using the nonlinear 

differentiable function. BP neural network learning process consists of two parts: the information 

being transmitted and the error back propagation. In the process of forward transmission, the input 

information goes from the input layer to output layer through hidden layer’s treatment, and the state 

of neurons in each layer only influences that of neurons of next layer. If you couldn’t get the desired 

output in the output layer, then transferred to the error back propagation. The error signals are 

connected back to the original pathway of neurons and neuronal connection weights of each layer 
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are modified one by one in their return process. This iterative process continues until the error is 

within the scope permitted. 

   BP neural network does not need accurate mathematical model and doesn’t have any 

assumption requirements on the data , and its ability in handling nonlinear questions is higher than 

that of traditional statistics
[6]
, BP neural network has been applied in extensive fields. In the medical 

field, it plays an important role in disease diagnosis, pathophysiology and disease research, medical 

imaging research, drug research, and risk factors’ analysis of diseases and the prognosis
[7、8]

.  

The author hopes to construct BP neural network model using MATLAB software, studies 

optimization parameters of model in the process of building BP neural network model in 

hospitalization cost , sets appropriate parameters to construct the fitting model in hospitalization 

cost based on BP neural network, compiles sensitivity analysis program based on MATLAB, and 

measures various factors’ impact to hospitalization cost by using sensitivity analysis program on the 

basis of built BP neutral network model.  

Constructing process of BP model 

Data normalization  

Input and output data sets were normalized using the standardized method so that all 

normalized variables reached to maximum value of 1 and minimum value of 0.   
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Data partitioning  

The improvement of strategies to network generalization ability required different data sets. 

For example, early stop strategy (LM algorithm) required the data sets be divided into training set, 

validation set and test set; Bayesian rules (BR algorithm), variable gradient algorithm (SCG 

algorithm) and Newton algorithm (OSS algorithm) required the data sets be divided simply into 

training set, and test set. 

Owing to continuous debugging process of constructing BP neutral network model, there is no 

clear theoretical study showing what kind of parameters of methods should be used to the actual 

data.  

Related parameters initializing  

(1) Selection of transfer function:  

As the sample data were normalized to ［0，1］,  logarithmic S-shaped functions, namely log 

sig functions both in the hidden layer and output layer were selected.  

(2) General function approximation problem could be treated with the network in a hidden layer. so 

this study set a hidden layer 

(3)Initial weights and thresholds: 

Newff function was used to construct and initialize BP neural network. If the value which 

MATLAS gave the network default initial weights and thresholds may not be in［-1，1］,.each initial 

weights and thresholds were multiplied by 0.01 artificially so that the weights and thresholds could 

be set to  [-1,1] between initial weights and thresholds  

(4)Initializing the learning speed: setting the learning rate of 0.01 

(5)Setting the network convergence of error performance for the SSE, and setting its target value of 

0.05. 

(6)Maximum training step: Setting the maximum training step as 1000. When the network training 

steps got to the size of 1000, the training of the training set stopped.  
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Modeling Results 

2459 cases of patients with cerebral infarction (mainly the hospitalization cost and related 

information) were collected in a third-class A hospital in Tangshan City in 2007 and 2008. All 

information was re-encoded by computer (See Table 1) and treated with Excel. Cases with missing 

value and illogical cases were removed and effective samples were 2218, 90.2% of total cases.  

Table 1 Influencing factors and quantification methods of hospitalization costs 

in patients with cerebral infarction 

Factors Code quantification methods 

sex x1 man=1，woman =2 

Marital status x2 married=1，others=2 

age x3 years old 

The first hospitalization x4 Yes=1，No =2 

Rescue or not x5 No=0，Yes=1 

Payment method x6 Health insurance=1，no health insurance=2 

length of stay x7 days 

treatment outcome x8 cured=1，improved=2，unhealed=3，death=4 

In this study, LM, BR, OSS, SCG four algorithms were used respectively to test 3,5,10,15,20 

neuron number in the hidden layer with the method of Network random testing for 100 times. The 

network with better generalization ability and fitting ability were selected according to test results.  

Comparison of results of different training methods 

(1) Network with 3 neurons in the hidden layer   

Table 2 Comparison of results of four algorithms training (3 neurons in the hidden layer) 

 

 

Test set R
2
 Training set R

2
 

LM BR OSS SCG LM BR OSS SCG 

x  0.687 0.609 0.699 0.644 0.718 0.752 0.717 0.670 

S 0.014 0.002 0.005 0.073 0.020 0.001 0.003 0.089 

F 121.69 54.81 

P 0.0000 0.0000 

(2) Network with 5 neurons in the hidden layer  

Table3 Comparison of results of four algorithms training (5 neurons in the hidden layer) 

 
Test set R

2
 Training set R

2
 

LM BR OSS SCG LM BR OSS SCG 

x  0.685 0.590 0.699 0.656 0.722 0.761 0.717 0.689 

S 0.009 0.005 0.004 0.038 0.009 0.004 0.003 0.039 

F 612.18 217.63 

P 0.0000 0.0000 

(3) Network with 10 neurons in the hidden layer  

Table 4 Comparison of results of four algorithms training (10 neurons in the hidden layer) 

 
Test set R

2
 Training set R

2
 

LM BR OSS SCG LM BR OSS SCG 

x  0.681 0.606 0.699 0.637 0.721 0.778 0.717 0.674 

S 0.120 0.018 0.004 0.033 0.010 0.002 0.002 0.028 

F 459.90 804.61 

P 0.0000 0.0000 

(4) Network with 15 neurons in the hidden layer  
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Table 5  Comparison of results of four algorithms training (15 neurons in the hidden layer) 

 
Test set R

2
 Training set R

2
 

LM BR OSS SCG LM BR OSS SCG 

x  0.673 0.613 0.700 0.627 0.713 0.784 0.718 0.670 

S 0.059 0.016 0.003 0.029 0.067 0.002 0.002 0.026 

F 141.86 167.61 

P 0.0000 0.0000 

(5)Network with 20 neurons in the hidden layer  

Table 6 Comparison of results of four algorithms training (20 neurons in the hidden layer) 

 
Test set R

2
 Training set R

2
 

LM BR OSS SCG LM BR OSS SCG 

x  0.670 0.616 0.699 0.636 0.710 0.783 0.718 0.681 

S 0.055 0.013 0.005 0.035 0.052 0.002 0.003 0.027 

F 123.31 216.81 

P 0.0000 0.0000 

These results showed that after training networks with 3,5,10,15,20 neurons in the hidden layer 

with LM, BR, OSS, SCG four algorithms, the differences between test set R
2
and training set R

2
 

were statistically significant. Depending on test set R
2
and training set R

2
sorting of different neurons 

in the hidden layer, the study drew a conclusion that OSS algorithm was better than other algorithm 

in network generalization ability and fitting ability.  

Selection of neuron number in the hidden layer  

Table 7  Comparison of results of 5 different network training aiming 

at neurons in the hidden layer 

 Test set R
2
 Training set R

2
 

3 5 10 15 20 3 5 10 15 20 

x  0.699 0.699 0.699 0.700 0.699 0.717 0.717 0.717 0.718 0.718 

S 0.005 0.004 0.004 0.003 0.005 0.003 0.003 0.002 0.002 0.003 

F 0.87 2.44 

P 0.4833 0.0457 

When hidden layer neurons were 3,5,10,15 and 20, the differences between network test set 

R
2
were not statistically significant, while there was significant difference in the network training set 

R
2
, which showed that the number of these five groups were not identical(the hidden layer with 3, 5, 

10 neurons no difference; the hidden layer with 15,20 neurons no difference; but the others had 

significant difference) In model evaluation, generalization ability of the model should be considered. 

From the above table, we could see that when the hidden layer neurons were 15,20, the network 

training set R
2
increased, and network fitting ability improved. When the hidden layer neurons were 

3,5,10,15 and 20, there was no difference in network generalization ability . In addition, considering 

network fitting ability, the study selected 15 neurons in the hidden layer  

BP neural network modeling results 

A network with better generalization ability was chosen after tried different initial weights and 

threshold values and different hidden layer neurons. BP neural network model in hospitalization 

cost of patients in cerebral infarction and its influencing factors was proposed. The parameters of 

model indicators were as follows: 
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Table 8 BP neural network model parameter table about hospitalization cost in patients with 

cerebral infarction  

Network structure 

parameter 

Network training parameter Test set simulation 

results  

Training set fitting 

results 

Hidden layer：1 Training algorithm：OSS  R=0.86504 R=0.84747 

Hidden layer neurons：

15 

Total number of iterations 

to stop training：28 

R
2
=0.74829 R

2
=0.7182 

Input layer neurons：8 Learning speed：0.01 
51195.02 =adjR

 
5387.02 =adjR

 

Output layer neurons：

1 

Performance function：SSE SSE =4.9944e+009 SSE =2.0119e+010 

Stop training: SSE* =1.2857 MSE=1.7046e+007 MSE =1.7036e+007 

RMSE=4128.6 RMSE =4127.5 

* for normalized data [0,1] 

Conclusion  

The study fitted hospitalization cost in patients with cerebral infarction and its influencing 

factors. And in this study, only 8 factors were analyzed, of which 6 were qualitative variables, 2 

continuous variables. Only using limited clinical characteristics of patients and their social 

characteristics to predict changes in the cost of hospitalization will not guarantee the accuracy of 

prediction. In this predicting process, the model could provide a theoretical reference, but the cost 

couldn’t be accurately predicted.  
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Abstract. In order to understand the scientific research ability of clinical teachers guiding nursing 

undergraduates in teaching hospitals, 221 clinical nursing teachers in 3 grade Ⅲ hospitals were 

investigated. The questionnaires included general information, research participation, paper writing 

and nursing research knowledge. The results show that the scientific research awareness of teachers 

in these hospitals is deficient. 51.1% of them participated in scientific research, 6.8% took charge of 

projects, and 51.6% published papers. Teachers with better educational background took part in 

more research projects and published more papers than the others, and the difference is significant 

(P<0.01). Those with higher professional titles or from affiliated hospitals published more papers 

than those with lower titles or from non-affiliated hospitals, and the difference is significant 

(P<0.01); however, there is no significant difference in research participation between them.  

Introduction 

Nursing research is not only the needs to promote the development of nursing, but also the 

value of it, and it plays a vital role in the whole development of nursing
 [1]
. For our nation’s present 

situation, the nursing undergraduates have gradually become the backbone of nursing profession 

and their research capacity and level influence the development of nursing largely
 [2]
. At present, 

scientific research education is being widely carried out among nursing undergraduate students. 

Generally, the scientific research training is arranged in a particular hospital department in the later 

period of the undergraduate internship, according to their chosen subject and interest. What’s more, 

it calls for direct guidance from the clinical nurses in the teaching hospital. The scientific research 

ability of these teachers exerts immediately influences on the effects of scientific research training
 

[1]
. In order to understand the research ability of clinical teachers in teaching hospitals, we conduct 

the following investigation, so as to promote practice teaching and clinical teaching ability. 

Object and Method 

Object 

Clinical teaching nurses in 3 third-grade class-A hospitals were chosen. One hospital is 

affiliated to our college and the other two are the non-affiliated. 240 questionnaires were handed out 

and 221 of them can be counted as valid. The recovery rate is 92.1%. 

Method 

The questionnaires were designed by us and the content includes general information, 

cognitive situation of scientific research, and participation in nursing research, paper writing and 

publishing. These questionnaires are completed with factual information. 

© (2011) Trans Tech Publications, Switzerland
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Statistical Methods 

Data were analyzed with SPSS13.0 software. Descriptive analysis method was used to analyze 

these data and X
2
 method was used to verify these data.  

Result  

General Information  

The interviewees’ age ranged from 22 to 50, and the average age was 35.4±6.9. Educational 

background: technical secondary school :16 （11.8%）junior college 97（43.9%）; undergraduate 

107（48.4%） ; master 1（0.5%） .Professional titles: Nurse 33(14.9%） ,Nurse Practitioner 

85(38.5%) ,Supervisor nurse 91(41.2%) ,Associate chief nurse 11 (5.0%) ,Professor of Nursing 1 

(0.5%) . Departments: medical department 72, surgical department 61, obstetrics and gynecology 

department 32, pediatrics department 25, emergency room 14, ICU 9, others 8. 

Research Participation and Paper Writing of Clinical Teaching Nurses 

 There are 113 people (51.1%) who took part in scientific research, including 15 project leaders 

(6.8%) and others are participants. 55 of them participated in research for the purpose of promotion, 

while the 57 left do it for improving their scientific research ability. 114 people (51.6%) published 

papers in professional periodicals and there are 327 articles published in all, which on average are 

1.5±2.2 papers per person. However, 45 people (20.4%) written some papers but were not published. 

What is more, there are 72(32.6%) people did not write any paper. Among the 114 people, 

32(28.1%) published one paper, and 72 (63.2%) have 2 to 5 publications, the left 5 people (8.8%) 

published more than 5 papers. The situation of research participation and paper publishing were 

compared and analyzed in terms of educational background, professional titles and different 

hospitals. And the result was verified with X2 method. In terms of educational background, we 

divided the interviewees into 2 groups, junior college or below and or above, and found out that 

people with better educational background participated more scientific researches and got more 

papers published. The figures are statistically significant (P<0.01). As for professional titles, we 

divided interviewees into groups of Nurse Practitioner or below and Nurse-in-charge or above. And 

we found out that people with higher professional titles got more papers published. The figures are 

statistically significant. However, there is no significant difference in the percentage of scientific 

research participation.(P>0.05). Within the 3 hospitals we surveyed, 2 non-affiliated teaching 

hospitals can be counted as one group, while the affiliated teaching hospital can be seen as one 

group. We compared clinical teaching personnel from the two groups and found that teaching 

personnel from affiliated teaching hospital got more paper published than non-affiliated teaching 

hospital. The result was statistically significant; However, there is no significant difference in the 

percentage of scientific research participation, P>0.05 (see chart one) 

Table 1 Comparison of Research Participation and Paper Publishing Rate between Clinical Teachers 

of Different Attributes 

project 
Number  

of People 

Research Participation 

X2 P 

Paper writing 

X2 P Participants   

Non-participants 

Published, not published  

not written but written ,  

Educational     Specialist or below 

Background   Undergraduate or above  

.Professional  Nurse Practitioner or  lowers 

title        Professor of Nursing or above 

Hospital     Directly-affiliated Hospitals 

           Non-directly-affiliated Hospitals 

113 

108 

118 

103 

107 

114 

 46         67 

 67         41 

54         64 

59         44  

50         57   

 63         51 

10.054 

 

2.920  

 

1.609 

＜0.01 

 

＞0.05 

 

＞0.05 

 

53     13      47 

61      22      25 

44      23      51 

70      12      21 

76       8      23 

38      27      49 

9.490 

 

20.965  

 

32.180 

＜0.01 

 

＜0.01 

 

＜0.01 
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The Clinical Teaching Teachers’ Cognize Perceive and Need for the Scientific Research of 

Nursing  

The survey result shows that 205(92.8%) of the clinical teaching teachers hold the opinion that 

there is difficulty in scientific research of nursing. Table 2 shows the result of the grasp of the 

process and the need for the knowledge of the scientific research. 

Table 2 the Clinical Teaching Teachers’ Cognize Perceive and Need for the Scientific Research of 

Nursing（n=221） 

Project Number of people Percentage（%） 

 the Scientific Research Procedure       grasp                     

          know   

                                   no idea 

needs to the knowledge of research       selected subjects 

                                   Document Indexing 

                                   paper’s writing   

                                   Statistical analysis 

 help to the scientific research           the support of the leaders 

                                   fund subsidization 

                                   cooperation with colleagues 

                                   expert guidance 

52 

116 

53 

68 

35 

11 

9 

160  

183 

152 

184 

23.5  

52.5 

24.0  

30.8 

15.8 

5.0 

4.1 

72.4 

82.8 

68.8 

83.3 

Discussion 

The Clinical Teaching Teachers’ Research Awareness Needs to Be Improved. 

In the survey, 51.1% of nurses involved the research; only 6.8% are the host of project host, 

and the rest are participants. Li Shanshan and etc who are nurse of grade Ⅲ hospitals have 

involved in nursing research activities 
[4]
, which shows that the awareness of nursing research is still 

indifferent, and they do not realize that nursing research pay great role of improving their quality 

and social status, and the important role of promoting the development the social benefits 
[5]
. 

Therefore, the training of nurses’ research awareness, especially clinical teaching teachers, should 

be further strengthened in order to enable them to declared subjects and participate in scientific 

research actively.  

The Clinical Teaching Teachers’ Research Capability Needs to Be Enhanced Contrarily.  

For the survey, 205 nurses (92.8%) considered that it was difficult to engage in nursing research, 

and only 23.5% of the nurses have mastered the research process. The demand of scientific 

knowledge is mainly on the knowledge of choosing research topics and searching document. Doing 

scientific research need the help of expert guidance, financial support, leadership support, 

colleagues’ corporations, which consistent with other documents’ report.
 [10]

 The promotion of 

nurses’ research quality is the foundation of advancement of their research ability
 [9]

. Nursing 

directors should, in light of different levels of nursing personnel and various needs of scientific 

research knowledge and implement layered training, hold discussions on the general problems of 

nursing personnel and then carry out targeted tutorship concerning specified difficulties. It’s all 

necessary to hold lectures about choosing research subjects, document retrieval, statistics 

knowledge and paper writing. What’s more, they should hire proficient teachers or relevant 

personnel to provide overall process and comprehensive help.
 [10]
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Pay attention to the Management of Clinical Teaching Teachers and Enhance the Overall 

Competence of Teaching Nurses. 

Because of our nation’s low level of nursing education, clinical nursing research is still lagging 

behind.
 [12-15]

Survey results show that highly educated and high-grade nurses carry out scientific 

research obviously better than the low educated and low-grade nurses, which consistent with other 

documents’ report. 
[12-15]

For the survey, within our 221 interviewees, only 48.9% of all nurses 

possess bachelor degree or above and more than 103 own intermediate professional titles, 

accounting for 46.6%. The majority only own tertiary education. People with bachelor degrees or 

above participated more actively in scientific research and published more papers than those with 

lower education degrees. People with higher professional titles or from affiliated hospitals 

published more papers than those with lower professional titles or from non-affiliated hospitals but 

there are no significant differences with regard to scientific research participation. At present the 

educational background of clinical teaching nurses from teaching hospitals and the overall research 

ability are relatively poor, especially the research guiding ability of teaching nurses can not adapt to 

the needs of undergraduates, and the situation may do harm to the cultivation of undergraduates’ 

research ability. Hence, teaching hospitals should step up efforts to cultivate the overall competence 

of teaching personnel, select the nurses with better educational background and rich clinical 

experiences to assume the work of teaching and guiding undergraduate students. What’s more, 

teaching hospitals should also strengthen the further education of nursing personnel, actively absorb 

more nurses with higher academic levels and promote the education levels of nursing team. With 

the continuous advancement of undergraduate nurses, more nurses with master degree joining the 

teaching team, frequent training programs targeting teaching nurses and the accumulation of 

teaching nurses’ clinical experience, teaching nurses will finally make significant progress in 

research guiding ability.  
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Abstract: Owing to the income gap between urban and rural, east and west, within and outside the 

system caused by the dual economy of our society, and the asymmetry between job opportunities and 

postgraduate enrollment scale, quality and requirements and so on , the structural plight in 

postgraduate employment appeared. In order to grasp the extent of postgraduate employment 

difficulties, trends and influencing factors, postgraduate employment rate, job satisfaction and the 

fluctuation of postgraduate enrollment in author’s university were analyzed and surveyed with 

samples, and the questionnaire results were analyzed through multivariate statistical analysis and 

social science statistics software in order to deeply analyze the causes of the plight of postgraduate 

employment and current employment problems and provide the basis for policy-setting and 

theoretical guidance.   

1.Introduction 

  The huge income gap between urban and rural, east and west, within and outside the system caused 

by the dual economy of our society made orientation of postgraduate employment imbalanced, and 

the asymmetry between job opportunities and postgraduate enrollment scale, quality and 

requirements and so on made postgraduate employment into the dilemma gradually. Employment of 

university students had been the focus of academic field, but more focuses were put on college 

students’ employment and less on postgraduate employment. Current postgraduate employment 

research were involved in the general introduction to employment status , analysis to existing 

problems and some suggestions. In a word, these results provided an important reference for further 

research from different perspectives, and the downside was that the countermeasures recommended 

were most relatively broad and general. In addition, comprehensive analysis of multiple factors 

especially that of the socio-economic structural factors was scarce. What’s more, statistical and 

quantitative analysis were not sufficient and some theoretical point of view lacked data supporting.  

2.Postgraduate employment status  

 With the large enrollment of postgraduate for many years, the number of postgraduates increased 

dramatically, while the addendum of employment agencies were limited, especially the number of 

jobs that postgraduates were optimistic were getting down instead of adding up.  

In the term of employment rate, till June 2006, the national 116 college postgraduate 

employment rate over the years was over 95.6 percent,showing the plight of postgraduate jobs 

didn’t exist in general. Analysis to the employment rate of university graduates from Guangdong 

Province in December 2007 indicated that the employment rate of medicine students was in the 

lowest ranking, 5 percentage points lower than the average
[1]

, which showed there existed 

significant  differences between postgraduates from different majors; In the term of  the 
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employment field, postgraduates tended to go to work in universities , research institutes and other 

institutions, while these fields preferred PHD, which made postgraduates in an embarrassing 

situation; in the term of employment flowing, the big difference between the urban and rural 

environmental resources caused by the dual economy made the flow of postgraduate employment 

more imbalanced. And almost no student was willing to work in rural enterprises. 

3.Representation of postgraduate employment plight  

3.1Lower employment rate.  

In recent years, the employment rate of postgraduates in Jiangsu Province has been decreasing. 

Compared with the previous year 2004 to 2006, the employment rate decreased by 0.47, 0.66 and 

1.29 percent respectively
[2]

. The author’s university postgraduate employment statistics showed that 

since 2004. postgraduates’ employment rate in all majors decreased 0.69 percent annually. Less 

employment rate and more enrollment rate indicated that the plight of postgraduate employment 

was getting more serious.  

3.2 Decreased job satisfaction  

The “Minnesota Satisfaction Questionnaire ( MSQ in short)” was used to conduct the random 

survey aiming at the first year job satisfaction to 2009 and 2004 postgraduates after their graduation 

from 16 universities in Hebei province  ( see Table 1). The results showed that there existed 

significant difference between job development, pay, benefits, environment existing in the above 

two samples. Most of the 2009 session of postgraduates didn’t think they found the ideal jobs, while 

the 2004 postgraduates were satisfied with the jobs, which showed that in recent years, 

postgraduates under the growing pressure had to lower their expectations to employment.  

3.3Increased cost  

In recent years, postgraduates paid more in job searching, particularly female postgraduates.. 

Compared with three years ago, the time for first signing job contacts for postgraduates from Hebei 

Province delayed 2 to 3 months averagely. In order to find jobs, some postgraduates utilized all 

networks of resources and paid additional social cost. The sex discrimination in the job market 

made female postgraduates in employment difficulty. Thus, in order to increase their chances of 

employment, some postgraduates had to continue to pursue a Ph.D degree, in particular female 

postgraduates. .  

4. Multivariate analysis to employment plight  

4.1 Market factors  

Table 1 Comparison of job satisfaction between 2009 session and 2004 session postgraduates from 

16 universities in Hebei Province ( P <0.05) 
Variables                      2009 session group（n1=200）  2004 session group（n2=100） Z value      P value                         
 Busy working Very satisfied             32                      61              -11.684      0.000 

Not sure                  81                      17 
Not very satisfied         87                      22 

Opportunities to 
work 
independently 

Very satisfied             41                      79               -4.123      0.000 
Not sure                  50                      10 
Not very satisfied         109                     11 

Opportunities to 
do different 
tasks 

Very satisfied             69                      72               -3.340      0.001 
Not sure                  38                      19 
Not very satisfied          93                      9 

Opportunities to 
become a 
member of a 
group 

Very satisfied             87                      62               -10.713     0.000 
Not sure                  42                      13 
Not very satisfied          71                      25 
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Superiors’ way 
to treat staff 

Very satisfied             41                      66               -10.578     0.000 
Not sure                  84                      17 
Not very satisfied         75                      17 

Decision-makin
g competence of 
managers 

Very satisfied             68                      53               -11.414     0.000 
Not sure                  59                      15 
Not very satisfied         73                      32 

Not doing things 
against 
conscience 

Very satisfied             81                      78               -1.042      0.298    
Not sure                  60                      10 
Not very satisfied         59                      12 

Stable 
employment 
provided by the 
job 
Opportunities to 
do things for 
others 
Opportunities to 
order others to 
do something  
Opportunities to 
develop abilities  
 
Ways that 
company 
policies are put 
into practice 

pay and 
workload 

 

Opportunities 
for promotion  

 
Opportunities to 
use one’s own 
judgments  

Opportunities to 
do things in 
one’s own way 

Working 
condition 

 
Colleague 
relationship  

 

Praise from 
good work 

 
Sense of 
achievement 
derived from the 
work 

Very satisfied             53                      81               -4.715      0.000 
Not sure                  31                      9 
Not very satisfied         116                     10 

Very satisfied             64                      48               -14.412     0.000 
Not sure                  79                      31 
Not very satisfied         57                      21 

Very satisfied             33                      52               -6.915      0.000 
Not sure                  46                      12 
Not very satisfied         121                     36 

Very satisfied             41                      74               -5.678      0.000 
Not sure                  42                      11 
Not very satisfied         117                     15 

Very satisfied             62                      61               -9.387      0.000 
Not sure                  57                      14 
Not very satisfied         80                      25 

Very satisfied             46                      72               -7.725      0.000 
Not sure                  21                      11 
Not very satisfied         133                     17 

Very satisfied             49                      64               -7.890      0.000 
Not sure                  24                      13 
Not very satisfied         127                     23 

Very satisfied             51                      69               -3.495      0.000 
Not sure                  59                      12 
Not very satisfied         90                      19 

Very satisfied             44                      57               -7.019      0.000 
Not sure                  47                      14 
Not very satisfied         109                     29 

Very satisfied             40                      71               -8.395      0.000 
Not sure                  22                      13 
Not very satisfied         138                     16 

Very satisfied             64                      51               -14.411     0.000 
Not sure                  59                      23 
Not very satisfied         77                      26 

Very satisfied             69                      57               -14.421     0.000 
Not sure                  61                      10 
Not very satisfied         70                      33 

Very satisfied             36                      73               -8.692      0.000 
Not sure                  22                      9 
Not very satisfied         142                     18 

4.1.1 Imbalance between supply and demand.  

First, the supply increased sharply. With the growing enrollment of students over years, the average 

scale of graduate enrollment increased over 26.9 percent annually. Take the author’s university for 

example, in 1999, the number of enrollment was 22 , and in 2009, the number was 340, which 

showed the growing rate of enrollment increased 15.5 times in this period. (See Figure 1)  

                  

Graph 1: Comparison between the number of national graduate enrollment and that of graduate 

enrollment in North China Coal Medical University from 1999 to 2009 

According to the statistics from the Ministry of Personnel in 2002, the supply and demand ratios of 

956 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



professional positions were 8.25:1，3.17:1，2.83:1，2.54:1 in the fields of arts, sports, medicine, 

secretarial and management and so on , which showed clearly that supply exceeded demand in 

employment market
[3]

. Second, the demand decreased. Postgraduates were in an awkward position 

in the job market. On the one hand, universities, research institutes were their relatively favorite 

working place. On the other hand, the buyer’s market made the employers prefer doctoral students. 

Additionally, some employers in marketing preferred college students instead of postgraduates 

owing to lower costs and stability. Third, the diploma screening signal distorted. Screening 

Hypothesis indicated that the level of education was the expression of personal ability, and 

education provided a market signal of classification based on individual ability. On the postgraduate 

employment market, information of trading parties was not the same. Under such circumstances, 

education as a filter signal on the labor market conveyed information of the potential employees’ 

labor productivity to employers. The enrollment expansion led to talents’ mixed quality, even 

unqualified talents existed. Diploma distortion as a screening signal made wise employers 

determine the demand price according to average pricing principles so as to reduce the errors 

caused by the loss of screening, which resulted in the declined needs to postgraduates in the same 

price level
[4]

.  

4.1.2 Market barriers. 

According to a 2006 survey in job markets of Wuhan university students, postgraduates were 

victims of discrimination in height or gender as high as 64.68 percent , in household register as high 

as 22.94 percent in their job searching.  

Post advertisements generally had clear requirements of age, but for most postgraduates with 

jobs , they can’t meet the requirement. Female graduates in school accounted for 32.4 percent of the 

total number in 1999. and 39.91percent. in 2003. Current difficult employment for female 

postgraduates had formed a strange cycle: difficult employment for college graduates forced them 

to be a postgraduate , and difficult employment for postgraduates forced them to be a graduate with 

doctor degree, which showed the higher the education level, the greater proportion of girls, the more 

difficult employment; the biggest impediment to employment in today’s labor market was the 

household register restrictions. Many jobs made clear requirement for the household register. For 

example, Chaoyang District of Beijing needed 123 civil servants in 2006, in which 57 positions 

required the candidates with permanent household register in Beijing . 

4.1.3 Inadequate information  

 At present, job site market of postgraduates was not perfect, and labor supply and demand 

information exchange in the period of transition was still in the non-institutionalized situation and 

lack of openness and easy access. Some popular and tight demand-side information as a scarce 

resource was not always fully available to the market, resulting in the chance of blindness in both 

supply and demand options and reducing the effectiveness of market allocation of human resources.  

4.2 Individual factors  

Professional competence of some postgraduates were in decline. Large-scaled enrollment of 

graduates resulted in the poor training quality of postgraduates significantly. In addition, 

postgraduates’ limited experience also led them have no chance with their favorite posts. The 

detachment between the quality structure of postgraduates and demand of the market would 

inevitably lead to their decreased core competitiveness; On the other hand, career psychology of 

postgraduates also made the employment in plight. Demands in professional counterparts, job 

stability in the part of postgraduates were still generally high; Some students took graduate entrance 

examination with utilitarian purposes, like easy job searching , employment, promotion and so on. 

Impure motives led them not to study hard, which not only reduced the value of diploma, but also 
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caused them break contracts after signing them frequently which induced employers to weaken the 

function of postgraduate education.   

4.3 Factors in training units. 

4.3.1 Detachment between talents training and job market.  

Professional setting, and training styles in universities were in a stereotyped way. And large 

enrollment within the framework of the existing disciplines led to disciplinary structural imbalance. 

The “products” with homogenization and uneven academic structure deviated from the individual 

demand of market.. Therefore, postgraduate social adaptability was poor, resulting in their 

difficulties in finding jobs.   

4.3.2Lagging employment promotion mechanism  

The current postgraduate career guidance had many deficiencies: career guidance was only confined 

to graduating class with lower coverage , often limited to low-level basic services instead of 

high-level, individual-oriented instruction. Although most colleges and universities offered 

employment guidance courses, teachers read the book directly, and the teaching materials were 

boring. In addition, unskilled staffs with poor professional quality in career guidance programs also 

made the guidance difficult to play a role in employment promotion.  

4.3.3Lack of training in ability.  

Postgraduate education put more emphasis on theory teaching instead of ability training. Large 

enrollment made one tutor guide a number of graduate students, who had fewer opportunities of 

practice. However, the U.S traditional university education focused on thinking and ability training 

to students, which were our shortcomings in China’s higher education.  

  In fact, in spite of the growing pressure of employment today, there were many postgraduates 

who were willing to become the city “ants”. Analysis of postgraduate employment couldn’t be 

divorced from the dual characteristics of our social economy. Here we could use Todaro model of 

rural residents flowing under the background of dual economy to analyze the postgraduate 

employment. In the Todaro model, rural –urban population emigration in the short time indicated 

increasing function between urban and rural net income. Namely, the greater the net difference 

between urban and rural income, the more the number of population in the rural-urban influx and 

vice versa. Taking into account the reality of the dual economy, postgraduates tended to follow the 

principle of Todaro model in their job searching because middle and large cities could provide 

higher employment household register income, more social security benefits and greater wage 

income within the system than the small towns. Therefore, the root of difficult employment 

situation for postgraduates was the great income gap in the dual economy ,which led to a large 

number of students prefer employment within the city system.  
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Abstract. The BP neural network is the important component of artificial neural networks, and 

gradually becomes a branch of the computation statistics. With its many characteristics such as 

large-scale parallel information processing, excellent self-adaptation and self-learning, the BP 

neural network has been used in solving the complex nonlinear dynamic system prediction. The BP 

neural network does not need the precise mathematical model, does not have any supposition 

request to the material itself. Its processing non-linear problem's ability is stronger than traditional 

statistical methods. By means of contrasting the BP neural network and the multi-dimensional linear 

regression ,this article discoveries that the BP neural network fitting ability is more stronger, the 

prediction performance is more stable, may be further applied and promoted in analysis and forecast 

of the continual material factor . 

Introduction 

Because the BP neural network its may to the linearity or the misalignment multivariable, in 

does not suppose the prerequisite in the situation to carry on the statistical analysis, the same 

tradition's statistical method needs the variable which analyzes to tally certain condition to compare 

has its own merit
【1-2】

. The BP neural network has materially realized the mapping function from the 

input to the output, but the mathematical theory had proven that it has function that realizes any 

complex misalignment mapping. So it especially qualifies to solve the complex question of internal 

mechanism. We do not need to build the model and understand its internal procedure. We only need 

the input and obtain the output. So long as the structure of the BP neural network is outstanding, the 

questions less than 20 input functions can restrain to the lowest error or so within 50000 times 

learning. Moreover theoretically, a three hierarchical neural network can approach the given 

function by the random precision. This is the very attractive expectation
【3-4】

. 

Principle of the BP neural network  

The BP neural network is composed of the forward-propagating and the ant propagation. In the 

process of forward-propagating, the infed information treated with in implicit hierarchical unit 

passes from input level to the output level. Each neuron's condition only influences next neuron's 

condition. If it cannot obtain the expected output in the output level, it will transfers to the ant 
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propagation--- makes the error signal return along the connection way, and makes the error signal 

be the smallest by modifying connection weights between each neuron. The BP algorithm is a 

learning algorithm proposed for multi-layered perceptions (MLP). The BP neural network's 

transmission function among the concealed levels uses continuous and differentiable nonlinear 

function, and usually is the sigmoid function. The transmission function among the output levels 

may uses the linear function or the sigmoid function, which is determined by the distribution of the 

output layer’s vector. Basic steps: ①Initialization weight and threshold value, ( )0jiw , ( )0jθ is is 

small stochastic value. ②Importing the training samples: Input vector kx ，k=1，2，…,P; Expected 

output kd , k=1，2，…,P；Iterating ③ to ⑤for each input sample. ③The condition of computer 

network’s actual output and implicit strata unit: 







+= ∑

i

jkijijkj owf θο 。④Computation training 

error: Output level ( )( )
kjkjkjkjkj otoo −−= 1δ ，Concealed level ( ) mj

m

kmkjkj wo ∑−= δδ 1 。 

⑤Revision weight and threshold value: ( ) ( ) ( ) ( )[ ]11 −−++=+ twtwotwtw jijikijjiji αηδ  

( ) ( ) ( ) ( )[ ]11 −−++=+ tttt jjjjj θθαηδθθ  ，η  for the length of stride，t  for the times of iteration. 

⑥Every time that k experiences from 1 to P, judging whether the target satisfies the requirement of 

accuracy or not. May see, the BP neural network model makes the function question of input and 

output sample’s function transfer to a nonlinear optimized question, and has used the ordinaries 

gradient descent in the optimized techniques. If we regard the neural network as the mapping 

between the inputs and the output, this mapping is an altitude nonlinear mapping. 

BP neural network and multiple linear regression modeling 

Example synopsis 

The suitable controllable policy of medical expense plays a key role in effectively operating the 

medical security system. Therefore seeking the suitable methods of anglicizing the factors which 

influence the hospital expense has become the question which urgently waits to be solved.
 [5]

 

Formerly, massive researches for the hospital expense use the method, such as the multiple linear 

regressions, the variance analysis and so on, which request to satisfy the independent hypothesis. 
[6] 

However, the same expense category's case often has the similarity in hospital expense, and its 

observating value is not fully independent. Because has not considered the data hierarchy structure’s 

existence in this kind of material, the multiple linear regressions and the variance analysis cause to 

mistaken analysis for influential factors, and will draw the completely opposite conclusions 
[7-8]

. 

This article takes the hospitalized expense as a dependent variable, the influencing factor as the 

independent variable, and separately establishes the BP neural network model and the multiple 

linear regression models.   

The result of the BP neural network model    

Using the LM algorithm to establish the BP neural network model, model various parameters 

is as follows. 

960 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

 

  Table 1 in hospital expense BP neural network model parameter list 

Network 

architecture 

parameter 

Network training 

parameters 

Simulation results of test set Training set fitting 

results 

Hidden layers: a 

layer 

Training 

Algorithm: LM 

algorithm 

R =0.813 R =0.84747 

Hidden layer 

neurons：35 

A total cessation of 

training iterations: 

18 

2R =0.72 2R =0.793 

Input layer neurons: 

10 

Learning speed：

0.01 
704.02 =adjR  782.02 =adjR  

Output layer 

neuron：1 

Performance 

function： SSE  

SSE =1.8133e+009 SSE =4.6429e+009 

Stop training 

SSE
*
=1.21781 

MSE =1.646e+007 MSE =37036e+007 

RMSE =5736.7 RMSE =6337.9 

    * The SSE for the normalized [0, 1] in terms of data. 

The Results of Multiple Linear Regression Model  

The multiple linear regression result showed that the hospital expense's influence is the days in 

hospital, the payment way, the secondary diagnosis, the surgery situation, the condition in hospital, 

the occupation, from large to small in turn, and the days in hospital plays the most important role in 

hospital expense. 

Table 2 analysis result for hospital expense influencing factor multivariate linear regression  

Variable B Beta t Sig 

Constant term 3783.923  8.854 0.000 

Payment way -589.798 -0.343 -14.329 0.000 

Secondary 

diagnosis 

2991.692 0.327 13.477 0.000 

Surgery 

situation 

2519.017 0.238 10.334 0.000 

Hospitalization 

days 

91.080 0.560 21.377 0.000 

In hospital 

condition   

-294.522 -0.064 -2.830 0.005 

Occupation -151.387 -0.064 -2.822 0.005 

Model comparison 

Model fitting ability comparison 

When establishing the BP neural network model, we can use the LM algorithm, divide the data 

set into the test collection and the training regulations. The multiple linear regression model uses the 

same data to be divided into the test collection and the training regulations. Two models’ fitting 

targets are as follows: 
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Table 3 model fitting targets 

Indicators 

Multiple linear regression model  BP neural network model 

Test set Training set  Test set Training set 

R
2
 0.151 0.485  0.72 0.79 

2

adjR  0.123 0.48  0.704 0.782 

Compared with two kinds of model's fitting targets, regardless of being tests the collection or 

the training regulations, the BP neural network model's fitting ability is better than the multiple 

linear regression models. Some scholars’ research conclusion is the same 
[9]
.   

Model forecast performance comparison 

According to the random principle, we draw 500 samples randomized, separately use two kinds 

of models to forecast, extract the relative error compared with the real value, carry on the pair the 

T-test, and thus compare the forecasting qualities of the two groups of model. The result is as 

follows:   

Table 4 multiple linear regressions and the BP neural network forecast that the performance 

compares 

Methods case mean（ sx ± ） difference（ sx ± ）   

Multiple linear 

regression 500 0.572± 0.007 0.148± 0.113 1.31 0.000 

BP neural 

network 500 0.32± 0.16    

by Table 4 knows: the relative error average value of the multiple linear regression model is 

0.572, and the BP neural network model’s is 0.32，t =1.31，P＜ 0.000。The above result indicated 

that two methods have the difference, and the BP neural network has better predictive ability 

through two groups of relative error average value's size. 

Conclusion 

BP neural network can be due to the linear or nonlinear multi-variable in the absence of the 

prerequisite conditions for statistical analysis, compared with traditional statistical methods has its 

advantages. A good BP neural network can even incomplete or biased information is not the case 

can be made correct predictions. Using the data of hospital expense and the influencing factor, the 

article has separately established the BP neural network model and multiple linear regression mold, 

and obtains two kinds of models’ the goodness of fit targets R
2、R

2
adj. Comparing the model 

forecasting performance, I find that the stability and the predictive ability of the BP neural network 

is better than the multiple linear regression model. Therefore I think that the BP neural network can 

grasp the intrinsic regularity of data, especially complex misalignment relations more easily than 

multiple linear regressions. And because the BP neural network model does not need to consider 

t P
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that whether covariate is independent, whether the strain capacity satisfies normal distribution and 

so on, in hospital expense and continual material, I suggested that we use the BP neural network 

model. Although the BP neural network has many advantages, but it is currently not as the 

traditional statistical methods are well known and applied, in the BP neural network before being 

widely accepted, there is much work to do
[10]

. Such as BP neural network is still in a "black box" 

stage: With the number of input variables have to come out after the corresponding results and this 

during the process and its clinical significance still needs to be improved and clarified. BP neural 

network at the same time as a new statistical method of testing its weight coefficient and confidence 

interval calculation, network training with the best principles, the choice of the number of hidden 

layers of meaning and interpretation of both their specific needs further study. 
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Abstract: Collecting violence cases for medical personnel from different levels of the hospital of 

Tangshan, we create a model for influential factors of hospital violence, and respectively with BP 

Nerve Network and logistic regression, by sensitivity, specificity and ROC curve, it is compared 

with two methods,in order to discovering effective analytical method . The training set and testing 

set sensitivity of BP Neural Network Model are 0.916 and 0.935,and the specificity is 0.447 and 

0.526,the area of ROC curve is 0.769 and 0.785；for logistic regression Model ,for its the training 

set and testing set, sensitivity is 0.907 and 0.925, the specificity is 0.377 and 0.404, the area of ROC 

curve is 0.663and0.666. In hospital violence influencing factors, the forecast capability of BP 

Neural Network Model is better than logistic regression Model and it has farther extend value. 

Introduction 

  The violent incident disturbed the natural order and the operators’life,it has brought some 

negative influences, so it has became an important issue
[1-2]

.For control violence-occupational 

hazard in hospitals,it is important to seeking hazard factors. Logistic regression
[3-5]

 has always been 

used for analysis influential factors of workplace violence, but it asked absolute information and S 

curve relation  between independent variable and dependent variable , according with multiplicative 

model for various independent variables, and so on, the influencing factors don’t meet these 

conditions, so the result is dissatisfy. 

  The characteristics of BP network include distributed information stored, parallel information 

disposal manner, tolerance of fault, the ability of self-organization and self-learning, and adaptive                 

and nonlinear processing capability. Compared with traditional medicine statistical method, the 

artificial neural network needn’t exact math model, it hasn’t request for variable, so it can make 

up the deficiencies of traditional statistical method, especially, when the intent not achieve or the 

effect not good by statistical method in existence, the artificial neural network model has 

beautiful effect. In the field of statistics, it has been applied to resolve the problem about forecast or 

distinguish. 

   The research sets up a model for influencing factors of hospital violence by BP Neural Network 

Model and logistic regression we compare the two models, the intention is discovering effective 

analytical method. 

The principle of BP neural network 

BP neural network is a nonlinear dynamic system 
[10,11]

, by a number of functional distribution 

of single neurons in the parallel composition, BP algorithm from the data stream prior to the 

calculation (forward propagation) and the error signal back-propagation 2constitutes a 

process .Positive communication, the propagation direction of input layer →hidden layer→ output 
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layer, each layer neurons under the influence of the state of only a layer of neurons. If not desired in 

the output layer output error signal is turned back propagation process. By alternating the two 

processes, the implementation of the right vector space error function gradient descent strategy, 

search for a group of dynamic iteration the weight vector, the network error function reaches a 

minimum, thus completing the process of information extraction and memory. The neural network 

is widely applied in nonlinear system modeling, control and identification etc for it has better 

capability
[12-14]

. 

  

Figure 1.Model of the neuron in an artificial neural network 

The model of BP Neural Network Model and logistic regression 

Problem description 

By the sampling methods of whole group, we conducted an investigation into the medical staff 

for 2 grade A hospital and grade 2 a hospital in tangshan city,it includes: ①the feature of social 

demographic, Such as gender, age and marital status, education and title and so on; ②job context, 

include level of hospital,work department and so on. 1331 people were investigated, the effective 

questionnaire was withdrawn 1,235,and the response rate is 92.79%. 

 

Table1.The quantitative method of hospital violence and their influence factors 

number variable valuation 

X1 hospital rank 0= secondary hospital;1= tertiary hospital 

X2 age 1=~30;2=~40; 3=~50 4=51~ 

X3 sex 0=female;1=male 

X4 diplomas 1= secondary school and below;2= undergraduate;3=postgraduate and over 

X5 title 1=no title;2=primary;3= intermediate level;4= associate  senior;5= senior 

X6 marriage 1= unmarried;2= married;3= widowed or divorced 

X7 emergency 0=no；1=yes 

X8 peditatrics 0＝ no ;1= yes 

X9 stomatology 0＝ no ;1= yes 

X11 gynecology 0＝ no ;1= yes 

X12 surgery 0= no;1= yes 

X13 assistant department 0= no;1= yes 

X14 other department 0= no;1=yes 
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The result of logistic regression model  

These factors as independent variable in Table1. Whether violence take place,it as dependent 

variable,we progress Logistic regression analysis,the result is: 

 

Table2. the result of Logistic regression analysis 

variable B P Exp(B) 
95% C.I.for EXP(B) 

Lower Upper 

hospital level -0.92 0.00 0.40 0.31 0.51 

other department -0.40 0.01 0.67 0.51 0.89 

emergency 1.53 0.00 4.62 2.80 7.64 

marital status 0.49 0.00 1.64 1.28 2.09 

constant term 0.021 0.93 1.02   

From the Table2,we can clearly see,after implementing Logistic regression analysis, factors of 

hospital violence included hospital level, other department, emergency, marital status. 

Modelling BP Neural Network 

These factors as independent variable which are hospital level, other department, emergency, 

marital status. Whether violence take place, it as dependent variable, a method of systematic 

sampling has been adopted ,using the method, data is divided into the training set and testing set, 

the BP Neural Network model is established by Levenberg-Marquardt
[15]（LM）optimization 

algorithm. As follows,Table3 is main parameter. 

 

Table3  the BP Neural Network model parameter of influential factors of violence 

Network Structural parameters Network Training Parameter Simulation result Fi t t ing -  resu l t 

n u mb e r  o f  h id d e n  l a ye r： 1 Training Algorithm：LM S S E = 4 3 . 0 3 S S E = 1 2 9 . 3 5 

neuron number of hidden layer：7 i t e r a t i o n  t i m e s ： 1 7 M S E = 0 . 1 7 M S E = 0 . 1 8 

neuron number of input layer：4 L e a r n i n g  S p e e d： 0 . 0 1 R M S E = 0 . 4 2 R M S E = 0 . 4 2 

neuron number of output layer：1  performance function：SSE   

The model compare 

The data of the training set and testing set is fitted by two models, as follows, the Table4 regard 

sensitivity, specificity and area of ROC curve. 

 

Table 4.the comparative result of the training set for two models 

 

Table5. the comparative result of the testing set for two models 

 

model total percentage sensitivity specificity area of ROC curve 

Logistic regression 741 0.907 0.377 0.663 

BP Neural Network 741 0.916 0.447 0.769 

model total percentage sensitivity specificity area of ROC curve 

Logistic regression 247 0.925 0.404 0.666 

BP Neural Network 247 0.935 0.526 0.785 
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From Table 4 and Table 5,we can see whether it is the training set or testing set, BP Neural 

Network is superior to Logistic regression. 

Conclusion and Outlook 

The paper establish BP Neural Network model and logistic regression model by the data of 

influential factors of workplace violence, it is compared with two methods by sensitivity, specificity 

and ROC curve, we discover BP Neural Network is superior to Logistic regression. And Bp the 

nerve network model does not need to consider the conditions which is independent variable and so 

on, so Bp the nerve network should be widely used for the judge classifications. 
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Abstract. Collected 2218 medical records of cerebral infarction patients from 2007 to 2008 in a 

third-class hospital in Tang Shan as sample. A statistical analysis was made of the hospitalization 

expenses and its influencing factors by BP nerve network model to identify the factors affecting 

hospitalization expense by using BP nerve network model. The results showed that the major factors 

impacting the hospitalization expense included age, hospitalization day, therapeutic result and 

emergency medical treatment. The sensitivity were: age is 0.91426, hospitalization day is 0.32131, 

therapeutic result is 0.19722, emergency medical treatment is 0.27564. BP nerve network model is a 

powerful analytical tool for hospitalization expenses and its influencing factors analysis. 

Introduction 

In recent years, the medical costs have risen sharply. The Ministry of Health promulgated a report 

in 2009 showed that the average hospital expenses of city is 8958 yuan, and the average hospital 

expenses of village is 3685 yuan
[1]

. High medical costs, especially the hospitalization expense give 

people brought serious economic burden. Control of the high medical costs has become a hot social 

concern
[2]

. 

In some studies of medical expenses, the analysis methods were multiple linear regression and 

analysis of variance
[3-5]

, however, the medical expenses don't obey the normal distribution
[6]

, and 

affected by various factors. In this case, the traditional linear structure model is difficult to accurate 

fitting. It is necessary to consider the suitable statistical methods for cost data characterri- stics. 

Back Propagation neural network, refers to based on the BP algorithm multi-layered 

perception, the BP algorithm is one kind based on the erroneous anti propagation principle training 

algorithm, it take the least error mean square as the criterion, and uses the misalignment 

differentiable function to carry on the weight training. Namely the erroneous counter-biography 

error anti propagation algorithm's learning process is composed of the information 

forward-propagating and error's anti propagation two processes
[7]

. Compares with the traditional 

statistical method, the BP neural network does not need the precise mathematical model, does not 

have any supposition request to the material itself, its processing non-linear problem's ability is 

higher than traditional generally the statistical method. 

Cerebral infarction is one of three big cause of death diseases, cerebral infarction patient's in 

hospital expense accounts for various countries medical expense 2%~4%, along with the world 

population aging, this proportion will further grow
[8]

. In our country, cerebral infarction the total 
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disease incidence rate not yet to see the report, according to the regional investigation, every year 

approximately is 166.07～199.96/100,000
[9]

, if each brain stem dead patient is hospitalized the 

expense is 8400 Yuan, every year the country, the society and the family altogether spend 195.2～

23,520,000,000 Yuan, takes in the development the large population, this is a huge medical 

expenditure. In view of this, this article take cerebral infarction patient's in hospital expense as an 

example, carries on the discussion on the BP neural network model in this aspect's application, 

provides in the methodology for the similar research the reference. 

Model construction 

The BP neural network is one kind of multi-layered forward feed neural network, the weight 

adjustment uses the anti propagation the learning algorithm, his/her neuron's transition function is 

the S form function, the output is 0~1 between continual quantities, may realize from the input to 

the output random misalignment mapping
[10]

. Through to network parameter's selection, after 

having determined the network layer, the concealment level nerve number, the initial weight, the 

study speed, the expected error and the maximum length of stride, construction neural network. 

After definite network structure, carries on the training using the input output sample, is also makes 

the adjustment to the network, the multiple relapse, until sample restraining, causes the input output 

mapping relations which the network realizes assigns, thus discovers the most important influencing 

factor. 

We fitted 1 concealed level list to output the BP neural network, the maximum training length 

of stride was 1 000, study speed by 0.01, expected error basis actual situation in 0.00~0.02 scope 

selection, after newff function construction and initialization BP neural network, caused the weight 

and the threshold value supposes as far as possible[- l,1]Between. The algorithm selection uses 

stops the strategy early step tangent BP training function Trainoss, take the sex, the age, the marital 

status, in hospital number of times, the rescue, the payment way, in hospital number of days and the 

treatment result and so on as the input variable, in hospital expense is the output variable, is 

carrying on MATLAB7.0 and SAS10.0the analysis. 

(1)BP net training regulations, the verification collection and test collection's determination divides 

into the data set the training regulations (60%), confirmation collection (20%), test collection 

(20%), prevents the model fitting. Carries on the first sample data set according to the input variable 

sorting, selects in turn according to the equal-space, record number 2, 7, 12, 17 ......For test 

collection, 4, 9, 14, 19 ......For confirmation collection, other for training regulations 

(2)input output variable pretreatment in this research, because the input variable including the 

classified variable (sex, marital situation, extension does turn over to situation, whether there is to 

rescue, payment category) and the continuous variable (in hospital number of times, age, in hospital 

number of days), the output variable (in hospital expense) is the continuous variable, to cause the 

input output variable to fall, in the transfer function changes on the quickest gradient, uses the 

standard reduction to input the output variable to carry on the normalization, after causing various 

variables normalization, the maximum value is 1, the minimum value is 0. 

(3)BP neural network model establishment each nerve number determination: Regarding the input 

level, its nerve number basis actual problem decides, is equal the independent variable which said in 

the statistical method; Regarding the output level, its nerve number also acts according to the actual 

problem to decide, is equal the dependent variable which said in the statistical method. But 

concealed the level nerve number goal hypothesis still not to have the unification formula at 

present, generally according to the experience to establish like may use the trial and error method, 

represented the input level nerve number by m, n represents the concealment level nerve number, 
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then supposed n=log2m first, if the network restraining effect were not good, then increased the 

nerve number again, each time increased the nerve number, until increased the network error to 

reduce not the obvious convergence rate again to be slow, then might consider that the stop 

increased; Or according to the Komlogorov theorem, to can simulate this continuous function 

precisely theoretically, should suppose n=2m+1. 

Example analysis 

The material from the Tangshan some Third-level First-class Hospital 2007~2008 year brain stem 

dead patient's medical record information, the rejection flaw case, does not conform to the logical 

case, effective case total 2218 examples. Withdraws from his system in primary data after 

reorganization, carries on the analysis with the Excel2003 database to compile. Patient medical 

record material including information and so on all-in cost, sex, age, marital status, in hospital 

number of times, rescue, payment way, in hospital number of days and treatment result. And, 

masculine 1254 people, feminine 964 people, average age (65.65±11.29) year old, average in 

hospital date (17.05±9.22) day; Is marrying 2199 people, unmarried, divorces and loses one's 

spouse equals 19 people; First is hospitalized 1568 examples, must first is hospitalized 650 

examples; In hospital period carries on rescues the patient 199 examples, has not carried on rescues 

the patient 2019 examples; Health insurance payment patient 1995 examples, non-health insurance 

payment patient 223 examples; Cures 1628 examples, changes for the better 561 examples, 11 

examples, have not died 18 examples. Patient's average in hospital expense is 8371.22 Yuan, lowest 

all-in cost 1035.71 Yuan, highest all-in cost 41791.22 Yuan. 

Because in hospital expense and in hospital number of days is the non-normal distribution 

material, therefore after its normalization, carries on the analysis. In this research uses the variable 

name and the quantification method see Table 1 

 

Table 1  selection medical record home page project and quantification method 

Factor Code quantification method 

Sex  x1 Male =1，Female =2 

Marital status x2 marriage =1，Others =2 

Age x3 Age 

Thetimes of In hospital  x4 One times =1，≥two times =2 

Rescue x5 No =1，yes =2 

Payment way x6 Health insurance =1，Non-health insurance =2 

In hospital days x7 day 

The result  of Treatment  x8 Cure =1，better =2，not recovered =3，Death =4 

 

In hospital expense BP model building After the attempt different initial weight and the 

threshold value as well as the different concealed level neuron, has chosen the promoted 

performance and the fitting performance good network finally, established the brain stem dead 

patient to be hospitalized the expense and the influencing factor BP neural network model, the 

model each parameter target see Table 2. 
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Table 2  in hospital expense BP neural network model parameter 

Network architecture 

parameter 

Network training parameter Test collection 

simulation result 

Training regulations fitting 

result 

Concealed layer：1 Training algorithm：OSS  R=0.8621 R=0.84331 

numbers of concealed 

level nerve：15 

The number of altogether 

iterative when stop train：20 

R
2
=0.74321 R

2
=0.71118 

Numbers of Input 

level nerve ：8 

Study speed：0.01 41534.02
=adjR  52435.02

=adjR  

Numbers of Output 

level nerve：1 
Performance function： SSE  SSE=5.2389e+009 SSE=2.081e+010 

when stop train SSE=1.22463 MSE=1.6738e+007 MSE=1.7327e+007 

  RMSE=4091.2 RMSE=4162.6 

 

In hospital expense influencing factor sensitivity analysis result uses the sensitivity analysis to 

carry on the analysis to in hospital expense each influence factor sensitivity, reflects each 

influencing factor by this to in hospital expense influence size. The result see Table 3. x3 (age), x7 

(in hospital number of days), x8 (treatment result) and x5 (rescue) occupies all factor influence to in 

hospital expense influence the major part, prompts them is in hospital expense important 

influencing factor. 

 

Table 3 in hospital expense influencing factor influence sorting 

Influence sorting Influencing factor sensitivity 

1 age 0.94897 

2 The times of In hospital  

 

0.16101 

3 The result  of Treatment 0.15227 

4 Rescue 0.14537 

5 number of In hospital  0.09421 

6 Marital status 0.08733 

7 Payment way 0.06751 

8 Sex 0.01391 

Conclusion 

In hospital expense's influencing factor pattern is one kind of typical multi-factor joint influences 

pattern, between the factor function way is complex, outputs between the factor itself also possibly 

to have certain relational disturbance existing statistical model the fitting efficiency, like 

promiscuous factor, multiple collinearity and so on, the existing linear model limits to this kind of 

disturbance's revision measure, also does not have processes this kind to have the disturbance 

information method well, the application neural network processes the non-linear problem to be 

able to overcome the regression model weakness. 

   The BP neural network through to has the representative example study and the training, can 

grasp the thing substantive characteristics, trains good BP the network, theoretically can approach 

any input (independent variable) and the output (strain capacity) between random misalignment 

mapping, has strongly from the organization, the auto-adapted ability, has the high fault tolerance. 

This model in the application the independent variable may be continual, may also be separate, does 
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not need to consider whether the independent variable does satisfy the normality and the variable 

conditions and so on independence, may distinguish the variable the complex misalignment 

relations, Especially uses the existing statistical method to be unable when serves the purpose or the 

effect is not good, uses this model often to receive the very good effect. But the traditional t analysis 

often has each kind of supposition condition request to the data distribution, when does not satisfy 

the request, possibly (how can make the variable transformation to the primary data including to 

cause misalignment relations transformation for linear relationship), but which one kind of 

functional generation in fact chooses is very difficult, possibly must use the complex statistical 

method. But the BP net takes a misalignment mathematical model, has the superiority in these 

aspects, it is good at dealing with the complex fuzzy mapping relations especially, does not need to 

know the data the distributed form. The BP neural network takes a standard misalignment 

mathematical model, has the broad application prospect in statistics. 
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Abstract.Case records of inpatients in a hospital in Tangshan in 2007 and 2008 are chosen for 

factor analysis. This paper aims at finding the latent factors influencing inpatients' medical expense. 

By analysing the factors which controlling and influencing inpatients' medical expense, the 

practical value of factor analysis in the study of medical expense is evaluated, and an analysis 

method in line with the structure of hospital medical expenses and its characteristics is tentatively 

explored. The paper comes to the conclusion that the factor of basic expense, the operation factor 

and the examination factor are the common factors which control and influence inpantients' 

medical expense. It  is implied that factor analysis is a proper method used in research of hospital 

medical expenses. 

Introduction 

The increasing health expense, especially the medical expense, as a global issue, has become a huge 

burden on the national financial expense.
[1] 

Therefore, it is of great significance to identify, control 

and adjust factors of the high medical expense through research on factors influencing the medical 

expense. 

As an important method of multivariate statistical analysis, in recent years factor analysis has 

been widely employed by medical researchers and satisfactory progress and results have been 

achieved. But the application of factor analysis in medical expenses is still in its initial stage. 

This paper aims at identifying the common factors through factor analysis of medical expenses 

of inpatients, evaluating the application of factor analysis in medical expenses of inpatients. At the 

same time, this paper tentatively explores an analysis method according to the hospital medical cost 

structure and characters.   

The basic thought of factor analysis and the analysis process[2] [3] 

The basic thought of factor analysis 

Factor analysis, a multivariate statistical analysis for dimensionality reduction, is used here, by 

studying the inter-dependency in the correlation matrix of various indexes, to identify the common 

factors which control all variables. Every index is expressed as the linear combination of the 

common factors, in order to show the correlativity between original variables and factors. 

The process of factor analysis 

Suppose there are N samples and P indexes. x(x1，x2⋯ xp) is the observable random variable, 
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and the common factor we are looking for is(F1，F2，⋯ Fm). Then the model：           

X1=a11Fl+a12F2 +...+ a1mFm十ε1 

X2=a21Fl+a22F2 +...+ a2mFm十ε2 

... 

Xp=ap1Fl+ap2F2 +...+ apmFm十εp 

is called factor model which can also be expressed with a matrix：X=AF+ε 

After the correlation coefficient matrix R of variables is calculated, the latent root of 

correlation coefficient matrix R and its corresponding unit proper vectors can be acquired. And 

based on that, the factor loading matrix can be calculated.  

Usually the number of factors is determined according to the latent roots and the accumulated 

contribution rate of factors. The common practice is to adopt the ones with an accumulated 

contribution rate of over 80%. In actual practice, factor rotation is needed.There are two types of 

factor rotation: orthogonal rotation and oblique rotation. So usually the orthogonal rotation is 

adopted. 

Orthogonal rotation usually includes quartimax, varimax, and equanmax. 

In the process of factor analysis, each common factor can also be expressed as the lineal 

combination of variables, so that the value (factor score) of each common factor can be evaluated 

by the observed value of variables. Its mathematic model is F1=bi1Xl+ bi2X2 +⋯ + bimXm(i=l，2，

⋯ m), in which F1 is the ith factor score. Factor scores are the final result of factor analysis. 

Case analysis  

Case introduction 

3934 discharged cases in 2007 and 2008 are taken from the database of abstracts of medical 

records of a hospital of Grade 3, Class A in Tangshan city.. Valid records are taken for further study, 

and all the fees are renamed: bed fee, drug fee, transfusion fee, operation fee, testing fee, 
examination and treatment fee, radiation fee. All of them are numerical variables.. 

Factor analysis of fees of inpatients with the top 10 diseases 

First, get the correlation coefficient matrix of all fees  

The correlation coefficient examination shows that correlation exists among all variables but 

between blood transfusion fee and examination & treatment fee. 

Principal component analysis and quartimax orthogonal rotation 

Principal component analysis is made to all data and therefrom find the common factors, as is 

shown in Table 1.   

 

Table 1   Result of principal component analysis 

N

o

. 

Latent root Contribution 

rate(%) 

 Accumulated contribution 

rate(%)  

1 2.6168 0.3738 0.3738 

2 1.0388 0.1484 0.5222 

3 0.9363 0.1338 0.6560 

4 0.8287 0.1184 0.7744 

5 0.7966 0.1138 0.8882 

6 0.4399 0.0620 0.9501 

7 0.3496 0.0499 1.0000 

 

Under the principle of the maximum accumulated contribution rate, the minimum common 

factors and the latent root bigger than 1, three common factors are taken for analysis. The 

accumulated contribution rate of these three common factors is 65.60%.While, with principal 
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component analysis, the initial model of factors is built, as is shown in Table2： 

Table 2  the factor model（initial model） 

Variable  Factor 1 Factor 2 Factor 3 

Bed  0.69231 -0.06541 0.24051 

drug 0.82051 -0.15872 -0.08 67 

transfusion 0.25746 0.80800 -0.12743 

operation 0.41878 0.53899 0.21035 

testing 0.83275 -0.10780 -0.21163 

examination 0.40963 -0.15245 0.74125 

radiation 0.60108 -0.17636 -0.46536 

 

As is shown in Table 2, some original indexes are heavy loaded on both factors. For example, 

the operation fee is heavy loaded on both Factor 1 and 2, which is hard to explain. In order to 

further study the practical significance of common factors, the quartimax orthogonal rotation is 

undertaken, as is shown in Table 3. 

 
Table3 factor model with quartimax orthogonal roatation 

Variable  Factor 1 Factor 2 Factor 3 

Bed  0.558 60 0.144 35 0.456 67 

drug 0.810 76 0.072 49 0.207 41 

transfusion 0.080 69 0.839 27 -0.156 53 

operation 0.174 38 0.645 50 0.251 10 

testing 0.853 72 0.117 59 0.085 00 

examination 0.149 31 0.010 03 0.847 40 

radiation 0.749 24 -0.027 15 -0.216 48 

 

As is shown in Table 3, the common factor 1 controls mainly the bed fee, the drug fee, the 

testing fee, and the radiation fee, so it is called the basic expense factor; the common factor 2 

controls mainly the operation fee and the blood transfusion fee, so it is called the operation factor; 

the common factor 3 controls mainly the examination and treatment fee, so it is called examination 

and treatment factor.
 [4]

 It is obvious that the basic expense factor is the most influential in the total 

medical expense, among which the drug fee accounts for the most part.
  

 

The factor score equation is built according to the standard factor score coefficient as follows: 

F1=0.1652X1+0.3525X2-0.0529X3-0.0598X4+0.3921X5-0.0987X6+0.4226X7 

F2=0.0280X1-0.0638X2+0.7653X3+0.5546X4-0.0232X5-0.0524X6-0.1264X7 

F3=0.3344X1+0.0386X2-0.2111X3+0.1845X4-0.0940X5+0.8125X6-0.3661X7 

The factor score is calculated according to the equation above.Therefore, diseases should be 

taken into consideration while working on controlling the medical expenses because different 

diseases are treated with different methods which cause different expenses. The differences are 

reflected in the factor scores of different diseases in this study.
[5]

 

Conclusion  

Correlation, which usually exists among factors of various medical expenses. Therefore, it is 

unreasonable to focus on one single fee and ignore its correlation with other fees while studying the 

hospital medical expenses. Neither is it reasonable to analyse the total expense only since a lot of 
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information may be ignored. Factor analysis is proved to be a proper method because the 

correlation among variables are taken into consideration and the common factors which can control 

and influence all factors can be identified, without loosing the original information of variables. 

The result of this study shows that there are three main factors influencing the medical expenses. 

After knowing about these three factors, we can know better about the latent factors controlling the 

hospital medical expenses, so that the expenses can be reasonably employed and controlled.  

References      

[1]Zhao Cun Xian， ．Chen Jun Guo Study and Strategy of Policy on Increasing Medical Expense. 

ChongQing Medicine 38(1),10-11  (2009) 

[2]Zhang Xiao Dong，Han Fu Rong.Application of Factor Analysis in Assessment of Performance 

Excellence. Journal of BeiJing University of Technology 33(10),1117-1120 (2007) 

[3]Zhang Lin Quan.Research and Application Based on Factor Analysis.Natural Sciences Journal 

of Harbin Normal University 25(5),60-63 (2009) 

[4]Li Guang Rong,Wu Lu Nan. Combined Analysis and Forecast of Implications on Hospital Cost. 

Value Engineering 29(2),63-64 (2010) 

[5] Sun Jia Nan,Hou Lei. Factor Analysis of Medical Expenses of Respiratory Disease. Chinese 

Journal of Hospital Statistics 16(2),100-102 (2009) 

976 Intelligent Structure and Vibration ControlWWW.BEHSAZPOLRAZAN.COM



 

 

Based on BP neural network discrete data forecast 

Wang Jing  Wang Guoli  Wu Jianhui，and Su Yu 

Hebei Province Key Laboratory of Occupational Health and safety for Coal Industry, 

Division of Epidemiology and Health Statistics, North China Coal Medical College, Tang Shan 

063000, China 

Wujianhui555@163.com 

Keywords:  BP neural network   Discrete data   Residual   Prediction 

Abstract. Artificial neural network is based on human brain structure and operational mechanism 

based on knowledge and understanding of its structure and behavior of simulated an engineering 

system. BP artificial neural network is an important component of neural networks, as it can on the 

linear or nonlinear multivariable without preconditions in the case of statistical analysis, with the 

traditional statistical methods, analysis of the variables need to be consistent with certain conditions 

compared to its own advantage. The BP neural network does not need the precise mathematical 

model, does not have any supposition request to the material itself. Its processing non-linear 

problem's ability is stronger than traditional statistical methods. This article uses two groups of data 

to establish the BP neural network model separately, and carries on the comparison to the model 

fitting ability and the forecast performance, discovered BP neural network when data distribution 

relative centralism fits ability, forecasts the stable property. But the predictive ability is unable in 

the discrete data application to achieve anticipated ideally. 

Introduction 

The artificial neural network is a mathematical model that simulates the biology neural network. It 

is the network which constitutes by many simple neurons. Between various neurons it is connected 

through the weight. Each neuron contains a part of network information. The neural network has 

parallelism, the misalignment, the fault tolerance as well as auto-adapted learning capability. It is 

widely used in the processing pattern recognition, approximation of function, the classification, the 

forecast and so on
[1]

. The BP neural network is one of the most widely used neural network models. 

It through the multi-layer forward neural network's erroneous ant propagation, promotes the 

widrow-Hoff study rule the neural network which produces to the multi-layered network and the 

misalignment differentiable excitation function, can form any continual misalignment mapping 

willfully approximate
[2]

. Compared with the traditional continuous material multi-factor analysis 

method, the BP neural network does not need the precise mathematical model, and it does not have 

any supposition request to the material itself. Its processing non-linear problem's ability is stronger 

than traditionally statistical method. The former massive research which are based on the BP neural 

network method. They had not considered that the data distributed tendency influence to its 

predictive ability's. They only carried on the discussion to the BP neural network application 
[3-4]

. 
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BP neural network principle 

The BP neural network is a kind of artificial neural network and a kind of multi-layered perception. 

It is composed of an input level, or several concealed levels and an output level. The learning 

process includes signal forward-propagating and error's ant propagation. When forward-propagating, 

the input sample spreads from the input level, after concealment level cascade processing rear-drive 

to output level. If output level actual output and expectation output not symbol, then carries on 

error's ant propagation. Error's ant propagation is the outlet error by some form through the 

concealment strike input level cascade counter-biography, and shares the error for each level all 

units, obtains each level the error signal, this error signal is the achievement revises various units 

weight the basis. This kind of signal forward-propagating and the erroneous ant propagation’s each 

weight alignment procedure carries on again and again, achieves the acceptable degree until the 

outlet error, or carries on the study number of times which until establishes in advance.  

 
Figure 1 neural network work flow 

BP neural network modeling 

Example synopsis 

The former literature reports that the days in hospital is the major effect factor in hospital 

expense. Chronic illnesses separate more discrete along with the increase of hospital days. 

Therefore I choose two single diseases with acute appendicitis, and diabetes was modeled 
[5-6]

. This 

research material is from 2006~2009 year A group of acute appendicitis which are provided in the 

Hebei Province Tangshan 2 General hospital (the ICD10 code is K35) and B group of diabetes (the 

ICD code is E11) patients’ home page material of medical record. The total cases is 2317, and the 

whole materials is coded by the computers, and then eliminate the cases which has the flaw value 

and does not conform the logic. The effective samples are 2170 (A group of 973, B group of 1197), 

which occupy 93.65% of the whole cases. 

Table 1 

Target A（ Acute appendicitis） B（ Diabetes） 

Example number 

Mean value 

Standard deviation 

Coefficient of variation 

Skewness 

Kurtosis 

973 

6166 

4420 

71.68 

4.00 

28.37 

1197 

8179 

11278 

137.89 

14.91 

294.29 
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Analysis method 

First divides the data set, divides into the training sample collection ((to use to network training 

obtains network weighting factor), the confirmation sample collection (to use in preventing network 

to plan Taiwan excessively) and the test sample collection (uses in examining neural network 

forecast effect). Uses the BP neural network to carry on screening separately to two group of data 

variables, after screening the variable constructs BP the neural network the weighting factor 

expression. Inspects two models R
2
, R

2
adj and the relative error appraises the fitting and the 

predictive ability and in the different sample stability.  

Model comparison 

               

Table 2   BP neural network model result various parameters are as follows.   

Parameter A group B group 

Concealed layer 1 1 

Concealed level nerve 

number 
35 35 

Training algorithm LM LM 

Iterative number of times   18 17 

Study speed 0.01 0.01 

Stop training SSE
*
 1.21781 0.07068 

Finally Training set Test set Training set Test set 

R
2
 0.79 0.72 0.87 0.52 

R
2
adj 0.785 0.704 0.869 0.499 

SSE 4.6429e+009 1.8133e+009 5.7652e+009 1.9734e+010 

* The SSE for the normalized [0,1] in terms of data  

Model fitting ability comparison 

When establishing the BP neural network model, we can use the LM algorithm, divide the data set 

into the test collection and the training regulations. Two models’ fitting targets are as follows: 

 

Table 3 model fitting targets 

 

Target 

BP neural network model 

A group B group 

Test set Training set Test set Training set 

R
2
 0.72 0.79 0.52 0.87 

R
2
adj 0.704 0.785 0.499 0.869 

 

Compared with two kinds of model's fitting targets, regardless of group A or group B, the BP 

neural network model's fitting ability achieves ideally anticipated. Some scholars’ research 

conclusion is the same 
[7]

.   

 

Model forecast performance comparison 

According to the random principle, we draw 500 samples randomized, carry on the forecast 

separately using the BP neural network, extract the relative error with the real value’s comparison, 

and carry on the pair the T-test, Then we compare the forecasting qualities of the two groups of 

model. The result is as follows:   
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Table 4 homogeneous processing method group comparison 

Methods mean（ sx ± ） difference t P 

BP neural network 
A group 0.52± 0.11 0.156 -1.34 0.181 

B group 0.364± 0.036    

 

Carries on the independent sample the T-test, may know by Table 4: The BP neural network 

does not have the difference during two groups, may think BP neural network when processing 

different dispersion pattern material the predictive ability has the good stability. But a data 

distribution more centralized A group finds by inspection the influential person from the fitting 

target to be higher than B group of predictive ability. 

Conclusion 

BP neural network learning process is an iterative process, the forward propagation and back 

propagation component. The basic idea of the algorithm is based on the output layer error, starting 

from the output layer, in turn, adjust the network weights and thresholds, and finally make the 

minimum mean square error of the output. Samples on some kind of "learning", the network is the 

network held the weight of adaptive learning obtained through the correct internal representation. 

This is the characteristics of the unknown sample data entry trained network, the network properties 

of the samples can be automated reasoning and recognition. Using the data of  hospital expense 

and the influencing factor, the article has separately established the BP neural network model and 

multiple linear regression mold, and obtains two kinds of models’ the goodness of fit targets R
2
、

R
2
adj. Comparing the model forecasting performance, we find that the stability and the predictive 

ability of the BP neural network performed well in the relative centralism's data set. Regarding 

identical sample centralized non-training sample, network, no matter what however can give the 

correct input - output relations ability to be called the network pan-ability. Network pan-ability 

relies on the network structure and the training sample characteristic. The network structure with 

the hidden nodal point number, the implicit strata number and the hidden node's function 

characteristic concerns. In general, the network hidden nodal point number and the implicit strata 

number are smaller; network pan-ability is stronger. But training sample's characteristic is decided 

by the data distributed tendency, in data set material its network pan-ability is stronger 
[8-9]

. And 

because the BP neural network model does not need to consider that whether covariate is 

independent, whether the strain capacity satisfies normal distribution and so on, in hospital expense 

and continual material, I suggested that we use the BP neural network model. 
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Abstract To understand the prevalence of workplace violence of the state-owned hospitals and 

private hospitals and to compare the characteristics of them in Tangshan city. Cluster sampling 

method were used to investigate the three state-owned hospitals and five private hospitals，  medical 

staff who suffer violence in the workplace from April 2008 to April 2009 in Tangshan city. The 

incidence rate of workplace violence in state-owned hospitals(62.98%) was higher than private 

hospitals（ ％％13.55 . The type of the violence is mainly psychological violence both in state-owned 

hospitals and private hospitals. And state-owned hospitals’ incidence of psychological violence 

(46.48％ （ ％％) was higher than private hospitals 13.55 . Both state-owned hospitals and private 

hospitals，  the violence mainly occurred during daytime hours. Violence of state-owned hospital 

most occurred in wards（ 47.92% ） ，  while private hospitals most occurred in medical 

rooms（ 32.35%）. The most important reasons for workplace violence in State-owned hospitals and 

private hospitals were the perpetrators of alcohol (42.81%) and patients without improvement or 

self-opinion that there is no improvement（ ％％57.35 , respectively. Private Hospitals’ incidence of 

workplace violence is lower than the state-owned hospitals’ in Tangshan city，  According to the 

characteristics of various hospitals，  we should implement interventions to reduce the incidence of 

violence in the hospital. 

Introduction 

Workplace violence means employees suffered threats and harassment that are harmful to their safe 

and health from external or internal colleagues in their workplace[1].
 
Medical personnel are high-risk 

groups of non-lethal workplace violence[2,3]. Hospital workplace violence that seriously hampers 

the hospitals’ normal working order and brings health services in many negative effects, has become 

an important public health problem[4,5,6]. This study had investigated three state-owned hospitals’ 

and five private hospitals’ medical staff from April to May 2009 in Tangshan City to understand the 

workplace violence’ epidemiological characteristics and reasons that medical staff suffered in private 

hospitals, and compared with state-owned hospitals, so as to provide the basis for prevention and 

control of the hospital workplace violence. 

Subjects and methods 

Subjects 

Cluster sampling method was used to investigate the three state-owned hospitals and five private 

hospitals’ medical staff from April to May 2009 in Tangshan city. This study distributes 897 

questionnaires, and returned 844 valid questionnaires, and response rate was 94.09% 

Methods 

Both conform to the following two kinds of cases are included in this hospital workplace violence 

statistics. (1)Violent incidents in line with WHO on the definition of workplace violence, which 
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divided into psychological violence and physical violence(psychological violence is through verbal 

or non-verbal infliction of pain on the medical staff; Physical violence including beating, kicking, 

shooting, bar, pushing, biting and other acts of violence)[7]. (2) Violent incidents happened in April 

2008 ~ April 2009. According to the relevant documents of WHO and the definition of workplace 

violence in survey design， Included demographic characteristics, (Sex, age, education, job title); 

Occupation; the violence that suffered by study subjects (the violence’s manner, time, place and 

reason). Under the guidance of the same trained investigators, study subjects self-administered the 

questionnaire. 

Statistical Analysis 

The effectiveness of the forms will be checked unified by professional, after excluding invalid 

forms, all data entered using the Excel2003 software and build database. Data will use SAS8.0 

software to apply statistical analysis，calculating the incidence rate of workplace violence in hospital 

and examining by χ2 test among all groups. 

Result 

Basic information  

This study survey 497 medical staff in state-owned hospitals, including 108 males, 389 females, 

sex ratio 1:3.60; and survey 347 medical staff in private hospitals, including 31 males, 316 females, 

sex ratio 1： 10.19, the basic information are in Table 1. 

 
Table 1. Basic information 

groups  

Private hospitals 

 

Stated-owned hospitals 

Surveyed 

number 

Constituent 

rate (%) 

Surveyed 

number 

Constituent 

rate (%) 

Age <30 233 67.15  235 47.28 

 30～ 51 14.70  153 30.78 

 40～ 15 4.32  73 14.69 

 50～60 48 13.83  36 7.24 

Education 

technical secondary 

school and below that 

education 

113 32.56  174 35.01 

 
universities and higher 

education 
234 67.44  323 64.99 

Title free professional title 101 29.11  56 11.27 

 
the junior professional 

titles 
170 48.99  226 45.47 

 
intermediate grade 

professional titles 
73 21.04  167 33.60 

 

Deputy High 

professional titles and 

above 

3 0.86  48 9.66 

Sex Male 31 8.93  108 21.73 

 Female 316 91.07  389 78.27 

Marital 

status 
unmarried  183 52.74  159 31.99 

 married 164 47.26  329 66.20 

 Divorced 0 0  9 1.81 

Type of 

occupation 
Doctor 96 27.66  212 42.66 

 Nurse 189 54.47  234 47.08 

 
Medical technicians 

stuff 
62 17.87  51 10.26 
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Information of workplace violence in hospital  

The incidence rate of workplace violence in state-owned hospitals(62.98%) was higher than 

private hospitals（ ％％19.60 , showed remarkable statistical significance. The incidence rate of 

psychological violence and physical violence of state-owned hospitals was higher than private 

hospitals, both showed remarkable statistical significance, the results are in Table 2. 
 

Table 2. Information of workplace violence in hospital 

Types of violence 
Private hospitals 

 
State-owned hospitals 

χ
2
 P 

n % n % 

psychological 

violence 
47 13.55  231 46.48 98.4617 <0.0001 

physical violence 21 6.05  82 16.50 20.3110 <0.0001 

Total 68 19.60  313 62.98 155.2845 <0.0001 

 

Characteristics of hospital workplace violence 

Males (51.61%) were more vulnerable than women (16.46%) to hospital violence in private 

hospitals, showed remarkable statistical significance. Women that suffered the workplace violence 

in state-owned hospitals (62.72%) were higher than women in private hospitals (16.46%), showed 

remarkable statistical significance. The unmarried and married workplace violence incidence in 

private hospitals were 9.84% and 30.49%, both lower than that in state-owned hospitals, both 

showed remarkable statistical significance. The married workplace violence incidence 

rate(30.49％)was higher than the unmarried (9.84%) in private hospitals, showed remarkable 

statistical significance. In private hospitals, the highest incidence rate of violence was"40 years old" 

group (40.00%), followed by "50 to 60 years old" group (37.50%) group," the lowest was"<30 

years old” (15.02%), showed remarkable statistical significance. In state-owned hospitals, the 

highest incidence rate of violence was"30 years old" group (74.51％), followed by"40 years old" 

group (64.38％), showed remarkable statistical significance. In each age group of State-owned 

hospitals’ violence incidence rate were higher than private hospitals, showed remarkable statistical 

significance. In private hospitals the violence incidence rate of free professional title was 13.86% 

and 18.82% for the junior professional titles, intermediate grade and above is 28.95%, all lower 

than the corresponding titles of state-owned hospitals(that were 50.00%，59.73%，69.77%), showed 

remarkable statistical significance. 

In private hospitals the violence incidence rate of doctors, nurses, medical technicians were 

37.50%, 9.52% and 22.58%, all lower than the corresponding occupational categories in 

state-owned hospitals(that were 60.38%, 65.38%,  62.75%)， showed remarkable statistical 

significance. 

In private hospitals ，technical secondary school and below that education the violence incidence 

rate were 20.35%, universities and higher education were 19.23% ， all lower than the 

corresponding degree that in state-owned hospitals（62.64%, 63.16%），all showed remarkable 

statistical significance. 

Time and place that violence occurred 

In private hospitals, the main sites of violence were the Medical Office Room (32.35%), 

outpatient (30.88%), and ward (20.06%), while in state-owned hospital the main place were wards 

(47.92%), nursing Office Room (27.16%), and emergency room (21.41%), the results are in Table 

3.  
Table 3. Time that violence occurred 

Time 

Private hospitals 

 

State-owned hospital 

Number of suffer 

violence 

Constituent 

rate (%) 

Number of suffer 

violence 

Constituent 

rate (%) 

Day shift 51 75.00  168 53.67 

Night work shift 14 20.58  134 42.81 

Off work 3 4.42  13 3.52 
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χ
2

= 11.5764     P=0.0031 

The reasons of violence 

In private hospitals, the main reasons that victims suffered violence were “ no better or patients 

themselves feel the disease that does not get better”, “perpetrators of alcohol” and “did not meet the 

requirements of the perpetrators”, while in state-owned hospital main reasons of violence were “the 

perpetrators of alcohol abuse”, “ no better or patients themselves feel the disease that does not get 

better”, and “did not meet the requirements of the perpetrators”, the results are in Table 4. 

 
Table 4. The reasons of violence 

Conclusion 

Violence is to cause injure that purpose to self-inflicted harm or does harm to others[8]. violence 

has become the first cause of death between 15 to 44 years old, more people brought about various 

kinds of non-fatal injuries by violence[9]. Many reports indicate that workplace violence of the 

health system is on the rise in recent years[10,11]. The state-owned hospitals has a high incidence 

rate of workplace violence in Tangshan, and psychological violence and physical violence were 

both higher than private hospitals. That female medical staff of state-owned hospitals had a high 

violence incidence rates to women in the private hospital medical staff, and nurses had a higher 

incidence rate. The most important reasons for workplace violence in private hospitals was patients 

without improvement or self-opinion that there is no improvement, and in State-owned hospitals the 

most important reasons for workplace violence was perpetrators of alcohol.  

References 

[1] Mayhew C., Chappell D.: Violence in the workplace. Med J Aust 183(7), 346-347  (2005) 

[2] Ng K., Yeung J., Cheung I., et al.: Workplace violence-a survey of diagnostic radiographers 

working in public hospitals in Hong Kong. J Occup Health 51(4), 355-363 (2009) 

[3] Khalil D.: Levels of violence among nurses in Cape Town public hospitals. Nurs Forum 44(3), 

207-217 (2009) 

[4] Findorff MJ., McGovern PM., Wall M., et al.: Risk factors for work related violence in a health 

care organization. In Prev 10, 296-302 (2004) 

[5] Kam C., Chong V., Onch S., et al.: Workplace violence directed at nursing staff at a general 

hospital in southern Thailand. J Occup Health 50(2),201-207 (2008) 

[6] Barling J., Dupré KE., Kelloway EK.: Predicting workplace aggression and violence. Annu Rev 

Psychol 60, 671-692 (2009) 

[7] World Health Organization: New research shows workplace violence threatens health services. 

Press Release WHO/37 (2002) 

The reasons of violence 
Private hospitals  State-owned hospitals 

n % n % 

perpetrators of alcohol 33 48.53  134 42.81 

no better or patients themselves feel the 

disease that does not get better 
39 57.35 

 
114 36.42 

did not meet the requirements of the 

perpetrators 
30 44.12 

 
108 34.50 

High medical expenses 20 29.41  65 20.77 

Attempts to restrict the behavior of the 

perpetrators （ for example ： smoking, 

drinking） 

15 22.06 

 

50 15.97 

Perpetrators of mental disorders 11 16.18  47 15.02 

Patients died 12 17.65  39 12.46 

Dissatisfied with the services 16 23.53  38 12.14 

Waiting too long  6 8.82  37 11.82 
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Abstract. The aim of the current study is to figure out the relationship between the oxidative 

damage in cardiovascular system and lead exposure. Oxidative damage was investigated in the heart 

and aorta of rats exposed to lead acetate for 6 weeks. Male wistar rats were randomly divided into 

three groups: low-dose (10 mg/kg), high-dose (40 mg/kg) lead acetate and control groups. The rats 

in low-, or high-dose groups were received 10 mg/kg and 40 mg/kg lead acetate by garages, and the 

rats in control group were administrated same amount distilled water only. We compared the three 

groups in terms of the level of T-SOD, NOS, and MDA in serum and heart, aorta and histological 

examination. We found the activity of T-SOD, NOS in rats treated with low and high doses of lead 

acetate were significantly lower than in the control group. The content of MDA in the low and high 

doses of lead acetate groups was significantly higher than in the control group. In addition, the 

microscopic morphology of heart and aorta in the low- and high-dose groups showed differences 

from the control. Oxidative damage may be involved in the process of heart and aorta dysfunction 

induced by lead exposure. 

1 Introduction 

Although blood lead levels of individual in industrialized countries have declined over the past 

decades, pockets of high lead exposure and widespread low-level lead exposures still persist [1]. 

Lead is potentially preventable exposures that may explain population variation in cardiovascular 

disease rates [2,3]. However, after more than 100 years since initial reports suggested a link 

between lead exposure and cardiovascular outcomes, the mechanism of lead to cardiovascular 

disease is still incompletely understood. The currently available evidence indicated that oxidative 

stress played a major role in atherogenesis and evolution of acute ischemia, and resultant cardiac 

and vascular remodeling. A line of studies showed that lead exposure has been associated with an 

increased incidence of clinical cardiovascular end points such as coronary heart disease and arterial 

disease [4,5,6]. Researches have been carried out to explore the relationship between role of ROS 

toxicity and heart and vascellum dysfunction [7,8]. However the role of ROS in cardiovascular 

damage induced by lead exposure has not been clear yet. 

In present study, rats are treated with various concentrations of lead acetate for 6 weeks, and the 

relationship between the oxidative damage in cardiovascular system and lead exposure will be 

investigated. 

© (2011) Trans Tech Publications, Switzerland
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2 Materials and Methods 

Animals. Male wistar rats (n=24) purchased from Vital River laboratory, Beijing. Upon arrival, the 

rats were housed in a temperature-controlled, 12/12 light/dark room, and acclimated for one week 

prior to experimentation. They were allowed to have free access to distill water and pelleted rat 

chow.  

Lead administration. The rats, weighting 180–200g, were randomly divided into three groups: 

low-dose (10 mg/kg), high-dose (40 mg/kg) lead acetate and control groups. The rats in low-, or 

high-dose groups were received 10 mg/kg and 40 mg/kg lead acetate by garages once a day 

respectively, 5 time per week, and the rats in control group was administrated same amount distilled 

water only. All the rats freely received the same standard laboratory feed. All animal experiments 

were conducted in compliance with Guide of the Care and Use of Laboratory Animals of the 

Research Council.  

Blood collection and organ preparations. At the end of the 6-week exposure period, the rats were 

sacrificed to attain blood and heart, aorta sample. Several indices including the level of T-SOD, 

NOS, and MDA in serum and heart, aorta were measured.   

Histological examination. The hearts and aorta were fixed in Bouin’s fixative solution and washed 

with saturated lithium carbonate in 70% ethyl alcohol for 24 h to remove the excess fixatives. The 

tissues were dehydrated through increasing concentrations of ethyl alcohol (70%, 80%, 90%, and 

100%), cleared in xylene, infiltrated in paraffin and Paraplast by an automatic tissue processor, and 

then embedded in the paraffin wax with an embedding machine. The tissue blocks were cut at 1µm 

in thickness on a rotary microtome, stained with hematoxylin and eosin (H&E), and observed under 

a light microscope. 

Statistical analysis. Statistical analyses were carried out with SPSS software (version 13.0). We 

used the analysis of variance (ANOVA) and Duncan’s multiple comparison to test for significant 

differences between groups. 

3 Results 

Effects of lead on body weights in rats. Rats were examined after 6 weeks of lead exposure. Body 

weights in the high-dose group were significant lower than those of the other groups. No 

statistically significant differences were found between the body weights of the low-dose and 

control groups. 

Changes of T-SOD, NOS, and MDA in rats. Several reports have suggested that oxidative stress 

may be involved in lead toxicity [9,10].Table 1,2,3 showed the changes of T-SOD, NOS, and MDA 

in rats treated with different concentrations of lead for 6 weeks. In serum the activity of T-SOD, 

NOS in rats treated with low and high dose of lead acetate were significantly lower than that in the 

control group. Rats treated with a high dose of lead acetate showed a statistically significant 

decrease in the activity of T-SOD, NOS compared with that in the low dose of lead acetate. In 

serum the content of MDA in the low and high doses of lead acetate groups were significantly 

higher than in the control group. Rats treated with a high dose of lead acetate showed a statistically 

significant increase in the content of MDA versus the low dose of lead acetate. The same trend has 

been showed in heart and aorta samples (Table 1,2,3). 
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Table 1 Effect of lead on T-SOD, NOS, and MDA in serum(x ±s, n=8) 

Groups T-SOD（U/ml） NOS（U/ml） 
MDA

（nmol/ml） 

Control 126.26±3.38 8.45±0.97 3.09±0.14 

Low dose 96.84±10.39
*
 5.60±0.90

*
 4.07±0.43

*
 

High dose 54.17±7.85
*#

 3.46±0.85
*#

 5.52±0.53
*#

 

* Compared with the control group, p＜0.05 

# Compared with the low-dose group, p＜0.05 

Table 2 Effect of lead on T-SOD, NOS, and MDA in heart homogenate (x ±s, n=8) 

Groups T-SOD(U/mgprot) NOS(U/mgprot) MDA(nmol/mgprot) 

Control 63.56±7.83 6.58±1.88 5.02±0.51 

Low dose 54.77±2.83
*
 3.76±.038

*
 6.93±0.34

*
 

High dose 25.10±2.91
*#

 3.15±0.56
*#

 7.97±0.41
*#

 

* Compared with the control group, p＜0.05 

# Compared with the low-dose group, p＜0.05 

Table 3 Effect of lead on T-SOD, NOS, and MDA in aorta homogenate (x ±s, n=8) 

Groups T-SOD(U/mgprot) NOS(U/mgprot) MDA(nmol/mgprot) 

Control 44.46±3.43 6.77±1.20 4.79±0.35 

Low dose 26.71±6.51
*
 4.65±0.46

*
 5.37±0.51

*
 

High dose 12.75±3.30
*#

 4.09±1.09
*#

 7.10±0.23
*#

 

* Compared with the control group, p＜0.05 

# Compared with the low-dose group, p＜0.05 

Histopathological results in the heart and aorta. 

Microscopically, the heart and aorta of the control group showed no definite histopathological 

abnormalities. However, the heart of animals in the low- and high-dose group showed the 

pathological myocardial fiber turbid and inflammatory cell infiltration (Figs. 1). No definite 

histopathological abnormalities were observed in the aorta of the low- and high-dose groups (Figs. 

2). In experimental animal models of atherosclerosis and hypertension, associations between 

oxidative stress and impaired endothelial function have been demonstrated [11].In present study, the 

same results didn’t be showed, and further experiment should be performed.. 
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FIG. 1. Histopathological findings in the 

heart of rats treated with lead acetate. (A) 

the control; (B) 10 mg/kg lead acetate; (C) 

40 mg/kg lead acetate (H&E ×100). 

 

A 
B 

C 

FIG. 2. Histopathological findings in the 

aorta of rats treated with lead acetate. (A) the 

control; (B) 10 mg/kg lead acetate; (C) 40 

mg/kg lead acetate (H&E ×100). 
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4 Conclusion 

In the present study, we found the activity of T-SOD, NOS in rats treated with low and high doses 

of lead acetate were significantly lower than the activity in the control group. The content of MDA 

in the low and high doses of lead acetate groups was significantly higher than in the control group. 

In addition, the microscopic morphology of heart and aorta in the low- and high-dose groups 

showed differences from the control. Oxidative damage associated with lead may be proposed as a 

possible mechanism of lead cardiovascular toxicity. 
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Abstract. To resolve the problem of data transmitting in multi-sensor network possessing of a lot of 

sensors and processing sensors signals on the same time base and transmitting the results remotely, 

a three classes’ bus topology structure based on intelligent node was designed. The system 

comprised scene devices, transmission cable, and console. The scene devices included several 

gateways, more nodes and sensor groups. The console communicated remotely with gateways via 

Ethernet, and gateway communicated with nodes via CAN bus, each node managed a group of 

sensors via RS-485 bus. The designs of intelligent node were presented in detail including hardware 

design, transport protocols, as well as program flow. Above conceptual design was applied 

successfully in a certain multi-sensor network system principle prototype consisting of a console, a 

gateway and three nodes possessing of ten sensors. The results prove the conceptual design feasible. 

1 Introduction 

As modern industry technology progresses, more sensors are employed for information 

collection and system control in scene. The structure and transport protocols of sensors network are 

differ in thousands ways up to the use demands. Traditional RS-485 field-bus can only construct 

master-slave system, which needs encode station address and restricts communication distance and 

node amount. Light network based on EPON or GPON is also used in distributed system, but high 

cost of light network facility restricts its application especially for the system employing a mass of 

nodes.      CAN-bus (Controller Area Network) abolishes traditional code of station address and 

can work in multi-master mode, with advantages of high communication speed, easy 

implementation and high performance-cost ratio[1,2]. CAN-bus is a technology of serial 

communication network effectively supporting distributed or real time control system. CAN-bus 

has been applied in multitudinous fields, rapidly extending from primal motorcar industry to aircraft 

industry, railway transport, industry control, medical equipment and security defense, etc[3,4]. In 

some occasions, there are a lot of sensors, and signals are to be processed on the same time base 

between sensors, and the results are to be transmitted remotely. In this case, simplex structure and 

transport protocols are not competent. A three classes’ bus topology structure based on intelligent 

node is designed to meet these demands in this paper. The conceptual design is presented and prove 

feasible through a principle prototype comprises three nodes. 

2 Design of Network Topology Structure 

A schematic diagram showing the network topology structure is shown in Figure 1. The 

system comprises scene devices, transmission cable, and console. The scene devices include several 

gateways, more nodes and sensor groups. A three classes’ bus topology structure is designed 

© (2011) Trans Tech Publications, Switzerland
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employs Ethernet as trunk and CAN-bus as first class branch and RS-485 as second class branch. 

The console communicates remotely with gateways via Ethernet, and gateway communicates with 

nodes via CAN bus, each node manages a group of sensors via RS-485 bus. The quantities of 

gateway and node, as well as sensor in group are configured according to practical instance. 

 

Transmission region 

Scene 
Node 

CAN-bus 

Gateway 
Ethernet transmission cable 

Sensor group based on RS-485 

Control center 
Console 

Ethernet cable 

 

Fig. 1 Schematic diagram of the network topology structure 

3 Design of Intelligent Node 

3.1 Hardware Design 

DSP microprocessor is kernel of the node, which samples and process signals of sensor group 

on the same time base via RS-485 bus, and sends results to the gateway via CAN bus when need. A 

schematic diagram of hardware composition and interfaces is shown in Figure 2.  
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Fig. 2 Schematic diagram of hardware composition and interface of intelligent node 

Microprocessor in node adopts high-performance 32-bit fixed-point DSP chip of TMS320- 

F2812 with 150MHz master clock frequency, 150MIPS processing capability, 128k×16bit flash 

devices, 18k×16bit SRAM, two serial communications interfaces (SCIs, standard UART), enhanced 

controller area network (eCAN), serial peripheral interface (SPI), and up to 56 general purpose I/O 

(GPIO) pins. MSC1200 single chip processor is kernel of the sensor cell, which integrates precision 

analog-to-digital converter (ADC), 8051 microcontroller and flash memory on chip. MSC1200 

samples and stores sensor signals, DSP reads data of every sensor cells in turn at required rate via 

RS-485 bus. It is to be attended that sampling frequency of sensor cell must be at least m times DSP 

reading rate, as DSP must complete fetching data of m sensor cell in turn during one sampling 

period. Actually fetching data operation of DSP corresponds to sampling again. It is impossible to 

start ADC only at the moment of each fetching data operation, because ADC works unsteadily and 

has high noise at start moment. MSC1200 stores the data from A/D into one of two registers 

alternately, which ensures DSP could get the newest data at each fetching data operation. All sensor 

cells data in DSP can be considered synchronous, and most delay between them is less than one 

sampling period. DSP processes data of sensor group, and transmits the results to gateway via CAN 

bus. Gateway transforms CAN formant data of nodes to Ethernet formant data, and transmits them 
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to the console. 

3.2 Transport Protocols 

There are three protocols to be designed, RS-485 bus protocol between node and sensor cell, 

CAN bus protocol between node and gateway, and CAN-Ethernet transform protocol. One of two 

SCIs in TMS320F2812 can be used for RS-485 communication to external after being driven by 

RS-485 transceiver. The eCAN module compatible with the CAN2.0B standard in TMS320F2812 

can be used for CAN communication to external after being driven by CAN transceiver. All SCI 

and CAN use GPIO MUX, so a external control chip is needed. A universal CAN-bus device is used 

to implement protocol transform from CAN to Ethernet.  

▪ RS-485 Protocols 

RS-485 is half-duplex asynchronous serial communications interfaces, and its transmitting 

and receiving use the same bus of twisted-pair in common controlled by PD01 of GPIO in 

TMS320F2812. RS-485 works at transmitting mode when PD01is high level, and at receiving 

mode when PD01is low level. TMS320F2812 communicates with each sensor cell at master-slave 

mode in turn according to its address. The basic unit of data is called a character and is one to eight 

bits in length. Each character of data is formatted with a start bit, one or two stop bits, and optional 

parity and address bits. A character of data with its formatting information is called a frame and is 

shown in Figure 3. 

 

Start LSB 2 3 4 5 6 7 MSB 
Addr/ 
data 

Parity Stop 

Address bit 

 

Fig. 3 RS-485 data frame 

▪ CAN Protocols 

Data link layer is kernel of CAN protocols, thereinto Logical Link control (LLC) 

accomplishes the functions of filtration, over loading informing, management resuming etc. 

Medium Access control (MAC) accomplishes the functions of data packing / unpacking, frame 

coding, medium access managing, error detecting, error message token, response, 

series-parallel conversion etc. All these functions are implemented via message transmitting.  

There are two message frame formats in CAN2.0B protocol, difference between them is the 

length of identifier field, standard frame has 11 bits, and extended frame has 29 bits. Whatever 

frame format has four types of frame, Data frame, Remote frame, Error frame, Overload frame.  

Data frame is kernel of CAN bus, through which the functions of data sharing, data 

exchanging and data transmitting are implemented between nodes. Standard / extended Data frame 

comprises seven different fields and is shown in Figure 4. 

 

1 Bit length 12 or 32 6 0－8 bytes 16 2 7 

Start bit 

Arbitration field 

Control bits 

Data field 

CRC bits End 

Acknowledge  

 

Fig. 4 CAN data frame 

The function of data link layer is implemented by eCAN controller in node. The interior 

structure of eCAN controller integrated in TMS320F2812 is shown in Figure 5[5], what to be 

needed is only reading or writing the memories when TMS320F2812 communicates with exterior.  

▪ CAN-Ethernet Transform Protocols 
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CAN-Ethernet gateway transforms data from CAN-bus to Ethernet via CAN data package 

mode. This mode adopts fixed 20 bytes length message format encapsulated with all CAN-bus 2.0 

A / B message information to transmit data from frame to frame. The data structure is defined as 

follows[6]: 

[1 byte]：CAN port indexing. 

[4 bytes]：CAN package ID，the lower byte is anterior and the higher byte is posterior, standard 

frame is 11 bits and extended frame is 29 bits. 

[1 byte]：data length，one to eight bytes. 

[8 bytes]：CAN package data，can fill residuary bytes with arbitrary data if data length is less 

than eight. 

[1 byte]：1 represents extended frame and 0 represents standard frame. 

[1 byte]：remote transmission indicating bit, 0 represents not RTR data package and 1 

represents RTR data package. 

[4 bytes]：reserve. 
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Fig. 5 Interior structure of eCAN controller 

3.3 Program Flow 

There are two communication modes between node and gateway, receiving mode and 

transmitting mode, normal mode is transmitting. Receiving mode adopts interruption request (IRQ) 

way, DSP responds to the IRQ of receiving message from eCAN controller, reads data of mailbox 

RAM, decodes and executes commands. Transmitting mode adopts state inquiring way, DSP writes 

information into mailbox RAM of eCAN controller to transmit when DSP finds that the process 

results of sensor signals need to be sent. The operations of transmitting and receiving are 

implemented by eCAN controller. The node fetches data of sensor cells via transmitting and 

receiving IRQ of RS-485 communication interface. The program flow is shown in Figure 6. 

4 Application Results 

Above conceptual design is applied successfully in a certain multi-sensor network system 

principle prototype. It consists of a console, a gateway and three nodes possessing of ten sensors. 

The distance between gateway and console is 2km. The sampling frequency of ADC is 30Hz in 

sensor cell, and the rate of DSP reading each sensor cell data is 1ps in node. Communication speed 

of RS-485 bus is 9.6kbps, and that of CAN bus is 50 kbps. 
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5 Summaries 

The practical application results indicate that the multi-sensor network designed based on 

intelligent node and three classes’ bus transport modes can synchronously meet these demands of 

processing signals between sensors on the same time base, possessing a lot of network nodes, and 

transmitting data to a long distance. 
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Fig. 6 Program flow of node 
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Abstract. The damping makeup of large span cable-stayed bridges is complicated. The damping 

matrices of such structures cannot be easily accurately determined. On assumption of the damping 

coefficients of substructures in cable-stayed bridge (such as girder, tower, cable and support et al) are 

constants, a method to estimate the damping coefficients and damping matrices of such structures is 

presented. The method is based on several known modal damping ratios and the calculation of 

complex eigenvalue and eigenvector utilizing the state-space methodology. Numerical simulation 

was carried out by the example of Tatara Bridge. Through comparison between the calculated 

damping ratios utilizing the approximated damping matrices and the field test data, the method is 

proved valid.  

Introduction 

The damping of cable-stayed bridge can be mainly classified into four types by their sources, namely 

viscous damping, Coulomb damping, structural damping and radiant damping[1,2]. The 

characteristic of damping of different components in cable-stayed bridges varies very much, which 

consists the nonlinearity of the damping of whole bridge[3]. 

Rayleigh had verified that if the damping matrix is the linear combination of mass matrix and 

stiffness matrix, then system has classical normal modes[4]. T. K. Caughey[5], T. K. Caughey and M. 

E. J. O’Kelly [6]studied the relation between damping matrix and mass and stiffness matrix. But in 

reality the damping system has complex mechanics, and generally doesn’t have classical normal 

modes. There are mainly two methods to solve non-classical damped system problems. The first is the 

state-space method [7] and the second is the perturbation method[8].  

In this paper, the damping characteristic of large span cable-stayed bridges is analyzed by complex 

eigenvalue calculation method. Then a method to get the estimation of the damping matrices 

according to field test data of damping ratio is proposed[9]. 

State-space method for non-proportional damping system  

The earthquake governing equation of motion for a multi-degree-of-freedom (MDOF) structure 

system can be written in matrix form as 

[ ]{ } [ ]{ } [ ]{ } [ ]{ } gvrMVKVCVM ����� −=++                                                                                              (1) 

where [ ]M , [ ]C  and [ ]K are symmetric mass, damping and stiffness matrices respectively. { }V is a 

vector of structural displacement responses, { }r  is modal participation vector and gv�� is a vector of the 

earthquake acceleration excitation.  

If damping matrix [ ]C can’t be decoupled by the real normal modes which decouples the mass and 

stiffness matrix, it is usually difficult to solve equation (1) directly. Thus equation (1) can be deduced 

into single order state space, then equation (1) becomes 

{ } [ ]{ } { } gvEZAZ ��� =−                                                                                                                         (2) 
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Solving equation (2) one can get the modal vector{ })(nΦ  and eigenvalue [ ])(nλ , which can be 

written as[10] 
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In which, the superscript “
__
”denote the conjugate of the complex number, { })(nφ is the n-th 

eigenvector of original structure, eigenvalue nλ can be written in the form of complex, 

nnn iβαλ +=                                                                                                                                   (8) 

In which, 

nnn ωξα −=
                                                                                                                                     (9) 

21 nnn ξωβ −=
                                                                                                                            (10) 

Where nω is the natural circle frequency of vibration of the n-th mode, nξ is the modal damping ratio 

of the n-th mode, from equation (9) and (10) one can obtain 

22

nnn βαω +=                                                                                                                                (11) 
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α
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=                                                                                                                             (12) 

Damping coefficients estimation method  

For system with viscous damping, the damping ratio of the n-th mode can be written in the form 

below, 

n
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n

n

T

n
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n
M

C

φφ
φφ

ω
ξ

2

1
=                                                                                                                          (13) 

In equation (13), nφ is the modal shape vector of the n-th mode, nφ is the conjugate vector of nφ . 

Assuming the damping coefficient of material is constant, the structure can be divided into 

substructures with approximate same damping. The damping matrix can be written in the form below 

Shaobo Zhong, Yimin Cheng and Xilong Qu 999WWW.BEHSAZPOLRAZAN.COM



 

mmCcCcCcC +++= �2211                                                                                                          (14) 

In equation (14), 1c , 2c ,…, mc  is the damping coefficients of component material in structure, 

1C , 2C ,…, mC  is the unit damping matrix of substructure with the same material in structure, which 

is similar with mass matrix but substituting density ρ  with damping coefficients mc , m is the number 

of material. Thus, equation (13) can be written in the form below, 
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The damping coefficients can be derived from the solution of the simultaneous equations below, 
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In which 1rξ , 2rξ ,…, rmξ is the modal damping ratio of experiment of the 1,2,…m order mode 

respectively. With the damping coefficients derived from equation (16) the structural damping matrix 

can be formed.  

Identification of damping parameters of Tatara Bridge 

Tatara bridge is a three span continues cable-stayed bridge measuring 1480 m in total length and 890 

m in center span, linking Ikuchijima Island in Hiroshima Prefecture and Ohmishima Island in Ehime 

Prefecture, located almost at the center of the Honshu-Shikoku Bridge Onomichi-Imabari Route[11], 

structural elevation is shown in Fig. 1.  

 

 

Fig. 1 Elevation of Tatara Bridge(Unit: mm) 

The simulation utilizes rod system model. The model has 239 nodes, 410 elements, 2063 freedoms 

in total. The comparison of field test results [12]and the calculated modal frequencies are listed in 

Tab. 1.We can conclude from Tab. 1 the calculated results are close to that of test, which validates the 

correctness of the simulation model. 

The theory that estimates damping coefficients and damping matrices by modal damping ratio of 

experimental data stated above is utilized in the damping parameter identification of Tatara Bridge. 
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Tab. 1  The comparison of field test results and calculated modal frequencies of Tatara Bridge 

Modal 

description 
Modal shape 

Field test results（Hz） Calculated 

frequencie

s（Hz） 

Logarithm 

camping δ  

Damping 

ratioξ  

Vibration 

test 

Micro-tremor 

test 
Test results Test results 

Vertical 

bending 

First symm. 0.226 0.227 0.22599 - - 

Fist antisymm. 0.263 0.264 0.26744 0.0185 0.002944 

Second symm. 0.348 0.348 0.33626 0.0102 0.001623 

Lateral 

bending 

First symm. 0.097 0.102 0.08648 0.1235 0.019652 

First antisymm. 0.248 0.220 0.24024 0.0711 0.011315 

Second symm. 0.470 0.497 0.40484 0.0188 0.002992 

Torsion 
First symm. 0.497 0.497 0.58743 - - 

First antisymm. 0.831 0.821 0.87725 - - 

The Tatara Bridge is divided into five substructures according to its composite and material, i.e. 

concrete girder, steel girder, steel tower, support and cable. Assuming the damping coefficients of 

every substructure is constant, we can calculate the undamped  complex modal shape vectors of the 

cable-stayed bridge with equation (1) to equation(12).Then based on the given data of modal damping 

ratios from field test(Tab. 2), for instance the damping ratio of  second mode(first symm. lateral 

bending),the fourth mode(first antisymm. lateral bending),the fifth mode(first antisymm. vertical 

bending),the sixth mode(second symm. vertical bending) and the eighth mode(second symm. lateral 

bending) are known, using equation (16) we can obtain the damping coefficients of the five 

substructures, as shown below  

ghc =0.135285(10
4
Ns/m

2
) 

ggc =0.0407357(10
4
Ns/m

2
) 

tc =0.0165237 (10
4
Ns/m

2
) 

pc =0.326908 (10
4
Ns/m

2
) 

cc =0.000430619 (10
4
Ns/m

2
) 

where
 ghc  

is damping coefficient of concrete girder,
 ggc  

for steel girder,
 tc  for steel tower,

 pc  for 

support,
 cc  for cable, applying the damping coefficients above to equation (14) forming the damping 

matrices. Using equation (1) to equation (12), the calculated modal damping ratios are given in Tab. 

2.The damping matrices distribution is given in Fig. 3.Inspection of Tab. 2 shows that although the 

relative error of the results is big compared with that of experiment, the real error is acceptable. 

Tab. 2 The modal frequency and modal damping ratio of first iteration 

Mode sequence 
Modal frequency

（Hz） 

Modal damping ratio 

Computed results Test results computed/test 

1 0.032832 0.048225529 - - 

2 0.087298 0.021389021 0.019652 1.09 

3 0.226644 0.008380064 - - 

4 0.240509 0.007367612 0.011315 0.65 

5 0.266018 0.006928983 0.002944 2.35 

6 0.333892 0.005376892 0.001623 3.31 

7 0.394419 0.004521273 - - 

8 0.407168 0.004179792 0.002992 1.40 

9 0.451339 0.004084927 - - 

10 0.464612 0.004156080 - - 

Conclusions 

In this paper, a method of damping matrices identification of cable-stayed bridge is proposed. 
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Fig. 3 The damping matrices of first iteraiton(unit:10

4
Ns/m) 

Cable-stayed bridges can be divided into substructures with approximately same damping property. 

By assuming the damping coefficients of substructures are constant, the damped frequencies and 

modal eigenvectors can be got by state-space complex eigenvalue calculation method suggested by 

Foss[7]. With the theory proposed by the author, one can obtain the approximation of damping matrix 

of the whole bridge. Through comparison between the calculated damping ratios utilizing the 

approximated damping matrices and the field test data, the method is proved valid. 

This paper is sponsored by the Startup Foundation of Ningbo University (No. 2010148). 
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Abstract. This thesis studies deeply the crack development characteristics, failure pattern, hysteresis 

curve and the displacement ductility of this new prestressed precast reinforced concrete intelligent 

structure, by analyzing one prestressed precast reinforced concrete frame under low reversed cyclic 

load test. Prestressed precast reinforced concrete frame is a new assembly architecture intelligent 

structure. We build a model using finite element analysis software to the test piece model analysis, the 

analysis result agree well with the experimental results. Experimental studies indicate that this new 

prestressed precast reinforced concrete intelligent structure has a good seismic performance. This 

prestressed precast reinforced concrete frame is a new kind of structural system complying with the 

development of architectural industrialization, which is worthy of popularization and application in 

the earthquake area. 

Introduction 

The prestressed precast reinforced concrete frame is a new kind of structural system assembly, 

complying with the development of architectural industrialization. This structural system is of various 

advantages---- less steel consuming, lower self-weight, higher construction efficiency, better quality, 

lower labor consuming, energy saving, more environment friendly and higher social and economic 

benefits, which are in favor of sustainable social development. At present, this structure has been 

applied in various building constructions in Japan and the United States[1-2], having shown its 

unique advantages. The researches in this area in China are mainly conducted in the node specimen 

test[3-4], however, the overall framework of the prestressing force pilot studies are relatively rare. 

Our project group fabricated frame of this new node specimens and has systematically studied it[5-7], 

obtaining the seismic performance of this new structural system. This paper is based on the test of the 

overall effect of the cyclic loading on a two floors of a two-span prestressed frames fabricated with 

reinforced concrete frame, researching its overall structure seismic performances---- the prefabricated 

crack case, failure mode, ductility, energy dissipation, and stiffness degradation of the new system.  

Experimental Design 

Specimen design and loading device. Test specimen is fabricated with two floors and two spans of 

prestressed reinforced concrete frame structure. The concrete grade of frame basis is C30. The 

concrete grade of columns and beams is C50. The channels for Strand were reserved in the framework 

of prefabricated columns and beams. When the prefabricated components meet the required strength, 

we fabricate the frame with three steps. The first step is hoisting the prefabricated components. The 

second step is perfusing the beam end node joints with high strength mortar. And the final step is 

tensioning strand. To ensure that the concrete beam end assembly-node bound has better strength in 

fabricated frame beam ends, we paste two layers CFRP over the range of the beam ends. Precast 
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concrete specimen reinforced concrete frame design dimensions, reinforcement and the loading 

device are shown in Fig. 1.  

                                           

Fig. 1 Specimen dimensions  

Loading program. Prestressed precast reinforced concrete frame specimen was loaded by load - 

displacement hybrid control method[8]. When the final bearing capacity of the specimen decreases to 

about 85% of the ultimate load , the specimen is regarded as damaged and the teat terminates. Test 

measurements included the control section main bar strain, crack and corner nodes, and the overall 

displacement of the framework. Loading program is shown in Fig. 2. 

F /kN Δ y/mm

Δ y

± 2Δ y

± 4Δ y

± 6Δ y

± 8Δ y

Δ /mm

  

Fig. 2 Loading program                                  Fig. 3 Node beam damage characteristics 

Test results and analysis 

Failure mechanism. From the characteristics of the destruction of the prestressed precast reinforced 

concrete overall framework , at the beginning period of loading, there is no significant changes in the 

framework of beams; cracks appears later; the structure distorts little; hysteresis curve shows 

elasticity rule; the residual deformation of the specimen is small. With the load and horizontal 

displacement cycles increasing, the end of the beams appears cracks, and becomes the plastic hinges. 

The tangent slope of the hysteresis curve decreases obviously. When the horizontal load adds up to the 

limit load, the bearing capacity decreased slightly with the increase of the horizontal displacement. 
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The structure shows good ductility. The destruction of the prestressed precast reinforced concrete of 

the overall framework is characterized by the appearance of a wide crack at the end of the beam , as 

shown in Fig. 3. At the same time, a number of micro-column cracks appear at the root. At the later 

period of loading, the column root bears vertical force, and the bar yields and shows plastic hinges. 

Failure mechanism of this structure consistents with the principles of “strong column and weak 

beam”. 

Hysteresis curves and skeleton curves. Through data processing, the  P-∆ hysteretic curve of the 

specimens is obtained, as shown in Fig. 4; the specimen skeleton curve shown in Fig. 5, where P is the 

level force applied on the top of the framework,  and ∆ is the framework top horizontal displacement. 
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Fig. 4 P-∆ curves of specimen                      Fig. 5 The skeleton curve of the sample frame  

Energy dissipation. Under cyclic loading, each unloading cycle hysteresis loop area enclosed by 

the structure size is equal to a cycle in which non-elastic deformation energy value. Hysteresis loop 

area reflects the structure of the cumulative total energy consumption of the size of the plastic. The 

loading process of each specimen varies during the test. Therefor, the hysteresis curve of this paper 

takes the envelope curve of the area surrounding the specimen to represent the value of energy 

dissipation . Prestressed precast reinforced concrete frame specimens of energy consumption data is 

shown in Tab. 1. From Tab. 1, we can conclude that the prestressed precast frame has a better energy 

dissipation. As long as the concrete beam end is better constrained, we can ensure that the Prestressed 

precast frame possesses good ductility and energy dissipation. 

Tab. 1 Framework for energy-consuming specimen 

Specimen YZKJ 

Load displacement 

(mm) 

118.25     

-118.98 

Energy consumption 

(Nm) 

8897.4     

9430.3 

Total (Nm) 18327.7 

Displacement and ductility characteristics. The overall framework of the specimen cracking, 

yield, ultimate and damage control point when the characteristics of the corresponding value, shown 

in Tab. 2. 

Tab.2 The sample control points eigenvalues of YZKJ overall framework  

Loading 

direction 

Cracking Yield ultimate damage 
Ductility 

coefficient 
Disp. 

/mm 

Load 

/kN 

Disp. 

/mm 

Load 

/kN 

Disp. 

/mm 

Load 

/kN 

Disp. 

/mm 

Load 

/kN 

Forward 1.96 27.1 9.14 68.2 84.60 90.8 118.30 83.9 12.9 

Reverse -3.10 -25.6 -13.86 -69.8 -64.40 -99.3 -118.90 -82.4 8.5 
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Finite element analysis. ABAQUS finite element analysis software is used to establish the 

prestressed precast frame structure solid model, using the contact element and connecting the unit 

assembly components. Among the components, a method of the "hard contact" with friction is applied 

between the fabricated frame end of the beam and column nodes. The concrete and the loading 

constrain steel hoop on the top of the frame use three-dimensional solid element C3D8R; bar and 

strand tendons use space two node linear truss element T3D2; binding steel hoops and the concrete 

face are bound together by tie means; steel and steel wire are placed  into the concrete by using 

embedded mode; load point role of the level of binding steel hoop centers a reference point; reference 

point and the load surface of the steel hoop are bound together by coupling approach. Before loading, 

we change the component's prestressed concrete temperature field to establish the inside pre-stress; 

calculation analysis is conducted with displacement control, by using multiple step command to 

simulate the experimental system under cyclic loading rules. During the analysing process of the 

model of ABAQUS, we use the actual arc length method to solve if the structure may enter the 

declining stage of the case. After ABAQUS finite element analysis on the results, the skeleton curve 

of finite element analysis results and experimental contrast curve can be obtained. as shown in Fig. 6. 
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Fig. 6 Base shear force and displacement curve 

Conclusions 

By this assembling prestressed reinforced concrete intelligent frame structure test and finite element 

analysis, the following results can be concluded: 

(1) This new prestressed precast reinforced concrete intelligent frame structure has a good energy 

dissipation capacity; 

(2) The pre-fabricated steel wire compression enables to effectively improve the overall 

performance of the framework and significantly improve the cracking load of the structure ; 

(3) hysteresis curves showed obvious mold rope phenomenon, and has good resilience and good 

ductility ; 

(4) through the Prestressed precast reinforced concrete frame structure finite element analysis, the 

experimental results agree well with the theoretical results. 

In summary, this new prestressed precast reinforced concrete intelligent frame structure has better 

seismic performance for the earthquake zone in the popularization and application of a consistent 

development of new industrial building structure system. 
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Abstract: In order to reveal the change law of land structure in recent years and the future land use 

structure in urban Tangshan, an analysis of the rules is conducted by applying such information theory 

as information entropy, equilibrium degree and dominance degree to nine types of land in urban 

Tangshan from 1998 to 2007. Then principal component analysis and SPSS are used to analyze the 

driving forces and the impact of various factors on land use structure. Finally, land use structure in 

2012 and 2017 is predicted through Markov models. 

Introduction 

Along with the further discussion of the mechanism of human activities in global changes, the 

study of land use and its changes is experiencing a transition from global to region and from nature to 

humanity. Regional land use change has become a crucial part in humanistic factors leading to global 

environmental changes and is emphasized by many researchers
[1][2]

. In recent years, a multitude of 

fruitful researches are conducted on dynamic changes of regional land use structure from different 

angles, revealing the temporal-spatial differentiation characteristics of regional land use, providing 

reference for reasonable distribution, effective utilization and regional planning. However, the 

previous studies paid more attention to land use changes in quantity and quality, while information 

theory is seldom used to reveal the entropy feature and evolving rules of regional land use structure. 

This paper analyzes the land use situation in urban Tangshan from 1998 to 2007, in which information 

entropy is used to illustrate the orderliness of Tangshan land use structure. It also analyzes the major 

driving forces in land use structure changes, therefore it provides data reference for regional land use 

structure optimal allocation. 

Land composition in Tangshan and its information entropy 

With dissipative structure characteristics, urban land use system is a open, complicated system 

made up of nature, human, society, economy and technology. The spatial structure characteristics of 

urban land use can be expressed by information entropy: 
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i
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=
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In that formula, pi =Ai/A , ∑
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.  A  refers to the total area of a city’s construction land. iA is 

the area of different types of land use. According to the classification system of urban land use in “the 

standard of urban land classification and construction land plan” released by Ministry of Construction 

in 1991, urban land use can be classified into 9 types: residential land, public facilities,  industrial 

land, storage land, traffic land, roads and squares, municipal land, grass land and special land. 

Entropy reveals the number of regional land use types and the homogeneous degree of their 

distribution. The bigger the entropy is， the more land use types; the smaller the difference between 
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land use types, the more balanced. Entropy peaks when different land use area equals to each other, ie 

nPPP n /1...21 ==== , indicating an equilibrium state in regional land use. 

Based on the information entropy formula，equilibrium degree E and dominance degree D in 

urban land use structure is, 
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 Information entropy reveals the diversity and complexity of urban land use; while equilibrium 

degree and dominance degree describe the area differences among land use types and the structural 

layout of various function types. 

Land use structure in Tangshan manifests as higher percentage of industrial land，moderate 

percentage of roads and squares and lower percentage of residential and grass land
[5]
. 

Composition of urban construction land in Tangshan：Residential land , Public facilities,  Industrial 

land, Storage land, Traffic land, Roads squares, Municipal land, Grass land, Special land.The change 

in entropy and equilibrium degree of construction land in urban Tangshan can be obtained with the 

help of formulae (1)and(2) based on the nine types of land in urban Tangshan from 1998 to 2007. 
Table 1  Entropy and equilibrium degree change of construction land in urban Tangshan  

year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Information entropy 1.955 1.977 1.981 1.976 2.011 2.02 2.027 2.011 2.006 2.004 

Equilibrium degree 0.889 0.899 0.902 0.899 0.919 0.919 0.923 0.915 0.913 0.912 

Dominance degree 0.111 0.101 0.098 0.101 0.081 0.081 0.077 0.085 0.087 0.088 

From table 1, structure change of urban land use in Tangshan experienced two obvious phases: 

drastic change stage（1998-2004） sees an apparent difference in the increase of various functional 

land in urban construction and exploitation. The most dramatic changes are found in construction land 

and public facilities, while grass land, traffic land, storage land experience the smallest change. There 

is an obvious increase in construction land, public facilities and residential land during stable growth 

stage(2005-2007）. 

    From table 1，the information entropy of Tangshan land use first increased and then decreased, 

with a general increase of 0.12% , at he same time H averaged 1.995. The change in information 

entropy acknowledges the gradual adjustment process of order-disorder -order in urban land use 

system. With the release and implementation of the new  “land law”, methods of land management are 

emphasized and strengthened, land use structure is becoming in order；after 1997, the disorder 

degree of urban land use structure increased due to the upsurge of the " development zone " and  the " 

real estate ”and peaked in 2000; after 2000, with the strengthening of illegal land use punishment and 

the regulation of land use, the change in urban land use structure slowed down, information entropy 

reduced and order degree increased. 

Analysis of driving forces in land use structure changes 

1. The selection of evaluation index. Considering the principal of dominance，coverage and 

representativeness in selecting indexes and the actual situation in Tangshan, 11 indexes are chosen as 

target index to analyze land use structure in Tangshan: they are X1 urban population(ten thousand)，

X2 urban social fixed assets investment(ten thousand yuan), X3 per capita living space (m2), 

X4tertiary industry proportion (%),X5 gross industrial output  (ten thousand yuan), X6 estate 

development (ten thousand yuan), X7 urban gdp(ten thousand yuan), X8 urban finance(ten thousand 

yuan), X9 urban per capita disposable income (yuan), X10 actual use of foreign fund (ten thousand 

dollar), X11total retail sales (ten thousand yuan). Covering urban population, urban social structure, 

urban economic level, urban industrial structure,etc, these indexes are highly representative and 

dominant 。 
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2. The extraction and features of driving factors.  

 With the help of statistical software SPSS
[6]
, principal component analysis is used to analyze the 

driving factors of land use structure changes in Tangshan from 1998 to 2007 by making X1-X11 

independent variables and y dependent variables. Major procedures are: 

1) the extraction and standardization of original data 

       2)  calculation of correlation coefficient matrix (table 2) 

3)  calculation of eigenvalues (table 3) 

4)  calculation of component Matrix (table 4) 

the correlation degree is different among all the 11 driving factors which are affecting land use 

structure changes in Tangshan. The correlation coefficient is shown in table 2 . 
                                Table 2  Correlation coefficient matrix of driving factors 

   X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 

X1 1           

X2 0.659 1          

X3 0.875 0.898 1         

X4 0.345 0.76 0.624 1        

X5 0.8 0.915 0.936 0.543 1       

X6 0.816 0.887 0.916 0.542 0.972 1      

X7 0.847 0.729 0.88 0.319 0.926 0.907 1     

X8 0.583 0.97 0.846 0.652 0.906 0.878 0.734 1    

X9 -0.359 -0.192 -0.298 -0.471 -0.257 -0.355 -0.258 -0.031 1   

X10 0.513 0.911 0.744 0.522 0.836 0.829 0.647 0.969 0.089 1  

X11 0.823 0.965 0.972 0.703 0.96 0.938 0.849 0.916 -0.292 0.8

3 

1 

   There is a great correlation degree in X2:X8, X5:X6 , X8:X10 and X11:X5 with correlation coefficient 

respectively 0.970,0.972,0.969 and 0.972, indicating the necessity of principal component analysis on 

driving factors. In addition, 2 driving factors are extracted based on the principle of characteristic 

root>1.0.  From table 4, eigenvalue of F1 is 8.293 and  contribution rate is 75.394. Urban social fixed 

assets investment(X2), per capita living space (X3), gross industrial output (X5), estate development 

(X6), urban finance(X8) and total retail sales (X11) have the highest positive load on the first principal 

component (F1). There is a   positive correlation between them and F1. Among the seven variables 

highly related with F1, total retail sales (X11) holds the highest load, therefore F1 can be viewed as the 

representative of retail factors and is named retail factor. 

Eigenvalue and contribution rate of F2 is 1.283 and 11.663. Urban per capita disposable income 

(X9) has the highest, greatest positive load on F2 and has a positive correlation withF2, therefore F2 can 

be viewed as the representative of urban per capita disposable income  and named urban per capita 

disposable income. The accumulative contribution rate of the 1st and 2nd principal component 

reaches 87.057 % and was completely accorded with the demands of analysis.  

    In sum, influencing factors of Tangshan land structure change can be divided into 2 groups: 1) the 

first principal component plays a leading role because of the comprehensive and concentrated 

information it reveals. There is a higher positive correlation among such factors as urban social fixed 

assets investment, per capita living space, gross industrial output, estate development, urban finance 

and total retail sales reflecting a close relationship between urban land structure change and the city’s 

welfare, social structure adjustment and economic development level. In the year 2007 urban social 

fixed assets investment in Tangshan is 60113.12 million yuan, per capita living space reaches 22.44 

m2, gross industrial output is 229621.29 million yuan and investment in estate development is 

4012.66 million yuan. Financial income and total retail sales experience an obvious increase than 

those in the previous year, promoting the demands of construction land resulting in the rapid increase 

in the amount of construction land and extending the urban area. 2) The second principal component 

has a correlation with such factors as urban per capita disposable income which reflects the fact that 
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construction land structure is under the influence of per capita disposable income after urban 

industrial structure adjustment. (see table 3, table 4). 
                               Table 3  Eigenvalue and principal component contribution rate 

Principal 

component 
eigenvalue Contribution rate 

accumulative 

contribution rate 

F1 8.293 75.394 75.394 

F2 1.283 11.663 87.057 

 
                                            Table4  Loading matrix of principal component 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 

F1 0.814 0.96 0.965 0.664 0.978 0.969 0.876 0.93 -0.294 0.856 0.993 

F2 -0.236 0.124 -0.071 -0.266 0.038 -0.046 -0.05 0.303 0.921 0.436 -0.02 

3. Multiple linear regression model of driving factors. By making land use structure Y dependent 

variable, principal component factors (F1,F2) independent variables, multiple linear regression model 

of urban construction area change in Tangshan from 1998 to 2007 and the driving factors can be 

obtained through multiple linear regression analysis. 

.838.0413.0 21 FFY +=                                                                (3) 

 From the determination coefficient of the regression equation 624.02
=R , the two factors can 

explain 62.4% of land use change, indicating their great influence on land use in Tangshan. The 

results of the regression test indicate an dissatisfactory linear fit outcome, yet they share the same 

trend. The regression equation can still express their approximate interactive relations .When the two 

components increase a single unit, land use structure changes 0.413 and 0.838 standard unit. 

Markov prediction of urban land use structure  

     Land use change can be seen as a random process，affecting by many different random factors. 

Discretize time as t=0,1,2...，for every t, suppose r(t) is the transfer rate of land use type of a set 

period of time，random variable Xi represents the state of the system; the probability of  Xi=i，

i=1,2,...k is ai(t) namely state probability; The probability from Xi=t to Xi+1=j is pii ie transfer 

probability. If the value of  Xi+1 is only determined by the value of  Xi and transfer probability，with 

no relation with the value of  Xi-1 ,Xi-2 ......then the random transfer process of discrete state by time is 

called Markov chain: 
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Land use situation in 2000 and 2005, future land use change trend through Markov model is 

illustrated in table 5.  
Table5 Actual value in 2002 and 2007 and predictive value in 2002 and 2017 of the corresponding factors 

Land use type actual area in 2002 actual area in 2007 predictive area in 2012 predictive area in2017 

residential land 890.2 782.2 857.3354 820.3641 

public facilities 545.8 378.9 548.378 560.4578 

industrial land 817.4 819.4 633.6785 603.2146 

storage land 134.8 167.7 136.8467 124.4568 

traffic land 318.4 428.5 500.4682 498.6213 

roads and squares 319.6 211.1 382.4796 390.2456 

municipal land 129 130.6 154.6564 167.2321 

grass land 191 223.1 265.4312 346.4486 

special land 527.6 732.6 452.3614 440.1248 
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The results show that land use types will experience greater changes in the next several years. 

Residential land area will continue to shrink，but with a decreased range. Traffic land, grass land 

roads and squares will experience a greater increase. All the other types of land will either increase or 

decrease, with an overall tendency of moderate speed. 

From table 5, land use structure is shown in the following table,  
                       Table 6  Land use structure in Tangshan in 2012 and 2017  (%) 

Land 

type 

residential 

land 

public 

facilities 

industrial 

land 

storage 

land 

traffic 

land 

roads & 

squares 

municipal 

land 

grass 

land 

special 

land 

2012 22.13 14.16 16.36 3.5 11.9 9.9 4 6.85 11.2 

2017 21.18 14.47 15.57 3.2 12.9 10.07 4.32 7.93 10.36 

  1) Urban land use structure in Tangshan will be more orderly in 2010. 

   2) There is drastic change in urban land use structure from 1998-2007 with a general feature of 

increased land for public facility, roads and squares. Land use structure changes faster in the first 5 

years than in the latter 5 years. 

   3) Urban land use in Tangshan changes due to the change of driving forces which are caused by such 

factors as population, economy and policy. Therefore, the key to reveal the source of land use change 

is to grasp driving factors system. In the process of driving forces analysis, special attention should be 

paid to the interaction of the inner system and the outer system. Avoid analyzing only from the aspect 

of time change. 

    4) The major factors affecting land use change are population increase, economic development and 

policy alteration. Among the factors, there is a negative correlation between the increase of population 

and land use. Policy change poses a dramatic impact on the tendency of land use change. Economic 

development and land interact with each other. In the city of Tangshan, population increase, economic 

development and the increase of residents’ living level will definitely result in the change in land use 

styles，while technical level enhancement reinforces land use and promotes land use efficiency.  
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Abstract. Based on reliability field data of failure in the CNC system (Computer numerical control), 

failure spots, failure patterns and failure mechanism of the key parts in the CNC system was analyzed. 

According to the field data of reliability, the key subsystems of frequent failure were discovered through 

statistical analysis and criticality analysis. The fault tree was established, then the weak part of reliability 

was point out, and the basis for its reliability improvement was provided. 

Introductions 

Into the 21st century, with the rapid development of electronic technology and computer technology and 

automatic control technology, as the growing demand of the modern industrial production automation, 

servo control technology in many high-tech fields were used more and more widely. The CNC system 

and industrial robotics has been widely used and the servo system was the primary component of them. 

The high performance and technical requirements of modern CNC system were proposed. Therefore, 

strengthening of high-performance, high-quality servo system, analyzing fault factors which affecting 

the quality of reliability, improving requirements of CNC machine tools and drivers control, so it has 

extremely important practical significance and practical value. 

General overview    

Failure Statistical analysis of the CNC system is very important to improve reliability and the quality of 

important link of the CNC system .Through statistics analysis, the weak part would be exposed in the 

servo system that in design, manufacturing, application and maintenance and management phase etc. By 

searching for the failure reasons, effective maintenance plan and improvement measures were put 

forward to improve the quality and reliability.  

For the whole system, detailed analysis of the failure spots, fault model etc was carried out to identify 

key parts of machine and its failure mode, the overall macro-control of the CNC system failure 

conditions. For the subsystem, study of the failure patterns and cause in-depth, summarize reliability 

model, the key reasons affect the reliability of the quality of the system was found out, the direction of 

reliability improvement was determined. 

Failure Statistical Analysis of the whole system 

Statistical analysis of failure spots and failure patterns of key part 

For the needs of research, ,the CNC system was divided into several major subsystems or components, 

statistics the frequency of failure spots and failure patterns of key part respectively, the corresponding 

fault patterns was summed up .The frequency of the CNC system's failure spots in Table 1and its 

frequency polygon in Figure 1   
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Table 1  Frequency table of failure spots of key part 

number Failure spot frequencies frequency 

A1 

A2 

A3 

A4 

A5 

A6 

Motor drive system unit 

Mechanical transmission parts 

Mechanical implementation 

parts 

Detection feedback link 

Drive components 

Others 

Summation 

13 

7 

6 

4 

3 

2 

35 

37.1 

20.1 

17.1 

11.4 

8.6 

5.7 

100 

 

 
Figure 1  Frequency polygon of failure spots 

The frequency of the CNC system's failure patterns in Table2. 
 

Table 2  Frequency polygon of failure patterns 

Number Failure patterns frequencies frequency 

FM1 

FM2 

FM3 

FM4 

FM5 

FM6 

FM7 

FM8 

FM9 

FM10 

Component damage 

Dislocation\translocation inaccurate 

Circuitry\cable abruption 

Labor precision out of limit 

Position error excessive 

Component loose 

Return to zero inaccurate 

No display screen 

Fuse broken 

Uncontrolled 

Summation 

6 

5 

5 

4 

4 

3 

3 

2 

2 

1 

35 

17.1 

14.3 

14.3 

11.4 

11.4 

8.6 

8.6 

5.7 

5.7 

2.9 

100 

The frequency table and frequency polygon of failure key parts and failure patterns in CNC system 

could be seeing: 

(1) Motor drive control unit (37.1%) is the most frequent position, its failure rate than other parts or 

subsystems. Major failure performance: The primary device damage, the abruption, the wire fall off and 

so on; Mechanical transmission parts (20.1%) is also more, major failure performance: dislocation or 

translocation inaccurate, X axis clearance is too big, etc. 

(2)The most frequent failure mode in the CNC system is the component damage （ 17.1%), dislocation 

or translocation inaccurate (14.3%), Circuitry\cable abruption (14.3%), etc. 

Critically analysis  

Critically analysis is quantitative analysis on failure effect, by studying the comprehensive influence 

according to the serious level of each failure mode and criticality or the occurrence probability. We can 

integrate evaluation the criticality of each position in the round, reaction influence of function and the 

surrounding environment and safety of whole machine when subsystem or components break down. 

Through analyzing the harmfulness influence, we can obtain the key pattern of reliability in CNC 

system, find out the weak link of product, to make improvement design of reliability directly.  

The failure mode j cause the harmfulness of failure mode on Component i, recorded as CRij. Its 

calculation formula is: 
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ij ij ij ijCR α β λ=
                                                                 (1) 

In this formula: αij is frequency ratio of component i which break down by failure mode j. Its 

calculation formula is: 

i j
α = j

i

n

n                                                                       (2) 

In this formula: ni is the total frequency of which the component i failure pattern occurs completely; nj 

is frequency of which the component i break down by failure mode j. 

In this formula: ijβ is the conditional probability of the loss of function. When the probability is unable 

to determine, it can be divided into four uniforms, as shown in Table 3 

Table 3  ijβ
’s value and its corresponding significance 

ijβ
 explanation 

1.00 

0.50 

0.10 

0.00 

That certainly can lead to component failure 

That could lead to parts failure 

The possible led to component failure is relatively small 

 That lead to component failure impossibility 

In this formula:λ is the basic failure rate of component I, and it was obtained by average failure rate of 

the field data. Its calculation formula is: 

 

N
i

i T
λ =

                                                                  (3) 

In this formula: Ni is the failure times of component i during the examination. T is the commutative 

times of component in the total working hours during the examination. 

The CNC system is divided into five main subsystems, and their criticality respectively for motor 

driving control system CR1, mechanical transmission system CR2 and mechanical implementation 

system CR3, drive component CR4 detection feedback system CR5. The accumulation working time of 

35 sets series CNC machine for 10303 hours. According to the formula (3),it can obtain below: 

{λi }={0.00126； 0.00068； 0.00058； 0.00039； 0.00029} 

According to relevant statistics and formulas, it could obtain the following data as shown in Table 4 
Table 4  FMECA tables of servo system 

subsystem Failure mode α  β
 iλ  iCR

 

Motor 

drive 

system 

Component damage 0.385 1 

0.00126 0.0009702 

Circuitry\cable abruption 0.231 1 

Fuse broken 0.154 0.5 

Position error excessive 0.154 0.5 

uncontrolled 0.077 0.1 

Mechanical 

transmission 

parts 

Dislocation\translocation 

inaccurate 
0.428 1 

0.00068 0.0004077 
Component loose 0.286 0.5 

Labor precision out of limit 0.286 0.1 

Mechanical 

implementat

ion parts 

Dislocation\translocation 

inaccurate 
0.286 1 

0.00058 0.0003401 Return to zero inaccurate 0.286 0.5 

Position error excessive 0.286 0.5 

Labor precision out of limit 0.143 0.1 

Detection 

feedback 

system 

Component damage 0.250 1 

0.00039 0.0002438 Circuitry\cable abruption 0.500 0.5 

Component loose 0.250 0.5 

Drive 

components 

Component damage 0.333 1 

0.00029 0.0001545 Return to zero inaccurate 0.333 0.1 

No display screen 0.333 0.5 
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From the above table data can be seen, the motor drive system, the highest criticality, and it is key 

components affecting reliability of the series domestic CNC machine, followed by mechanical 

transmission system and the implementation system. Therefore, for the domestic servo system, motor 

drive system is the weakest link. We should focus on improving the design and analysis of reliability. 

Failure Analysis of key subsystems   

Failure mechanism analysis 

Through the above analysis, we can find out that motor drive control system is the subsystem of the 

most failure frequent occurrence, and the most criticality effect. For the failure mechanism of the system, 

we could analyze two aspects, servo motor body and its drive control. 

(1) Servo motor   the servo motor's function is implement transformation between the electrical 

energy and the mechanical energy. Its running is related to the load and environmental factors, also many 

factors involved, such as electrical systems, insulation system, mechanical system, ventilation system . 

Any system with bad or between failures will lead to motor break down. Therefore its failure mechanism 

is complicated relatively. In general, the motor failure includes mechanical failure and electrical failure: 

the main failure of mechanical aspects is bearings overheating, mechanical vibration, the sound operation 

abnormal; the main failure of electrical aspects is winding circuit, short circuit, poor contact.  

(2)Drive control   Motor and drive control are closely interactive. According to the related documents 

about failure mode analysis, the Failure in drive control includes current over-current, module failure, 

over voltage, power management burn, integrated circuits short, etc. 

Fault Tree Analysis—FTA    

Fault Tree Analysis—FTA, is the effective means for statistical analysis of reliability and safety 

analysis. FTA principle, to analysis hardware fault, environmental factors and human factors, draw the 

logic diagram of event causation, in order to determine the top event failure occurs and the probability of 

various possible causes. Using FTA technology can find out all failure composition reasons result top 

event happen, identify a potential failure, then it is beneficial to make improvements in the design stage 

and improve product quality. By the way of this logic, FTA technology has become a kind of engineering 

and management in the extremely useful tool. According to the above analysis of motor drive system 

structure composition and failure mechanism analysis .The fault tree of motor drive system model was 

shown in Figure2.  

 
Figure 2  FTA of motor drive system 
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Reliability Analyses 

Reliability model 

Reliability models are reliability block diagram and mathematics models that built to predict and 

evaluate reliability of products. Servo system consist of motor body and drive control circuit, if the 

failure occurred in any of them, the whole servo system will work unmorally, so the logical reliable 

relationship between motor and drive control circuit is series relations actually. It is shown in Figure 3. 
 

 

 
Figure 3  Reliability block diagram of servo system 

 

The drive control circuit is usually consist of power tubes, resistors, capacitors, manifold blocks and 

other components, basically any of these components fail, then the whole drive control circuit will not 

work properly, that is, the drive control circuit, the reliability logic relations of these components for the 

series. The servo motor was composed of rotator winding, rotor winding, bearing and so on , any unit 

breaks down, will cause the motor to break down, therefore, the logical reliable relation between various 

parts in motor body for series relations.  

Reliability improvement 

From the above analysis, reliability model of motor drive system is the series model composed by 

bearing, winding insulation and drive control circuit, as the weak link, also the important component of 

reliability improvement. 

(1)Bearing  Affect the reliability of the main stress bearing load to the bearing, speed and 

temperature. Increase bearing load makes fatigue strength increased, speed up the failure of the bearing; 

Increase speed makes the surface wear of rolling bearing increases; Temperatures prompting bearing 

grease acceleration, bearing outer oxidation, volatile so bearing fatigue limit reduced. Therefore is 

mainly reduces its load, the rotational speed and the highest operating temperature.   

(2)Winding  The most important influence factor of the reliability of the insulation is temperature. 

Thus keep the current application temperature and winding down. 

(3) Drive control circuit  The main consideration for the drive control circuit machine circuits, 

transistors, resistors, capacitors, and several other components. As the internal parameters for the 

integrated circuit usually allowed range is small, we should focus on ways to improve its cooling package 

to lower the device's junction temperature, to minimize the input level, output current and operating 

frequency; Temperature is the most important transistor stress, so keep the power consumption and 

transistor junction temperature down, and keep the voltage down to prevent voltage breakdown. For 

fixed resistors and potentiometer, to impact its reliability mainly on voltage, power and the stress 

environment temperature; For thermostats, impact its reliability mainly on the power and the 

environment temperature; For resistors and capacitors, to impact its reliability manly on voltage and 

environmental temperature stress. Therefore, in its high frequency application situation, its loss of 

voltage volume scope should further increase, and it is especially sensitive regarding the electrolytic 

capacitor.   

Conclusions     

Based on statistics analysis reliability of the CNC system, utilizing the field data, the failure spots, failure 

patterns and failure mechanism of the CNC system were analyzed and then the critical and fault tree were 

analyzed, so the weak link of servo system were obtained which were bearing, winding insulation and 

drive control circuit. The reliability of the weak part of the CNC system and the reliability model were 

analyzed, and then some improvement measures for its reliability were put forward. 

drive control circuit Servo motor 
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Now the work on the reliability of the CNC system is far enough, the texts of the reliability are rarely 

seen. Hope that it can provide a reference for further research of the reliability of the CNC system, and 

laid the foundation intensifying of reliability enhancement test in the future. 
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Abstract. Based on CT imaging theory and self-designed loading device, the CT real-time scanning 

test on recycled concrete under uniaxial static compression has been accomplished, which can be 

used to specifically study the whole process about microcrack initiation, perforation, coalescence and 

macrocrack generation in meso-scale. By real-time CT scanning of cylinder recycled concrete 

specimen, the propagation process of the internal cracks can be effectively tracked during the whole 

loading process. By extracting and analyzing the CT numbers of CT images under different loading 

period, the relational expression between CT numbers and deterioration variable was established, 

which can better reflect the effect of mixing amount of recycled coarse aggregate on deterioration 

degree of recycled concrete. The results showed that with the increasing mixing amount of recycled 

coarse aggregate, the deterioration degree of the specimens increased slightly yet uniaxial 

compression strength of the specimens decreased slightly. 

Introductions 

Oral Buyukozturk
 [1]
 used medical CT machine to scan the small concrete structures and the clear 

cross-section images of aggregate and microcracks had been acquired, but there was a great gap 

between technical index of image resolution and imaging velocity at that time and nowadays; Dang 

F N et al
[2-4]
. used medical X-ray CT machine to scan the cross-section of rock and concrete 

materials。By real-time CT scanning of concrete specimen with different mixing amount of recycled 

coarse aggregate, the CT images under different loading period were extracted and the propagation 

process of the internal cracks can be effectively tracked. After analyzing the change of CT numbers 

for the same specimen, the relational expression between CT numbers and deterioration variable 

was established. Finally, several conclusions were drawn from the test results.  

Primary materials and mix proportions for tests 

Primary materials for tests 

After crushing and processing the waste reinforced concrete, the recycled coarse aggregates 

can be acquired with the grain size ranging from 5mm to 20mm. The material used in the test was 

grade P.O32.5 cement, natural river sand with fineness modulus 2.90, natural coarse aggregate of 

gravel, polypropylene fiber of bundle monofilament with good dispersibility, drank tap water of 

© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMM.50-51.1019

WWW.BEHSAZPOLRAZAN.COM



Zhengzhou city for concrete mixing and curing process.   

Mix proportions for tests   

Design strength grade of recycled concrete specimens used in the tests was C30 and mix 

proportions of each component were shown in Tab. 1. Size of cylinder specimens was 

50mm(diameter)×100mm(height) and the specimens were loaded after 28 day’s standard curing 

age. 

 

Table 1 Mix proportions of recycled concrete for CT tests 

serial 

number 

mixing 

amount of 

recycled 

aggregate(%) 

mixing 

amount of 

polypropylene 

fiber(%) 

the content of every kind of components in 1m3 concret(kg) 

water cement sand 
nature 

gravel 

recycled 

aggregate 

polypropylene 

fiber 

R0 0 1.0 165 413 626 1180 0 1.0 

R50 50 1.0 165 413 626 590 590 1.0 

R100 100 1.0 165 413 626 0 1180 1.0 

CT tests 

Test conditions 

The tests were carried out in the CT room and medical spiral x-ray scanner of Siemens type 

Huan Yue Duo was used. The scanning resolution was 0.35 mm×0.35 mm×1mm; density resolution 

was 3‰ of water absorption coefficient. The scanning parameters were voltage 137kV, current 

220mA and amplification factor 6.0 Uiaxial static compression tests of specimens R0, R50 and 

R100 were carried out on servo-controlled testing machine and self-designed loading equipment 

before CT tests aiming at determining compressive strength grade and corresponding stresses and 

deformation characteristics of specimens in advance.  

Test process 

Move the CT worktable and set the specimen at specified position. Start the loading device and 

load uniformly and continuously with a rate of 0.3MPa/s; when approaching failure and specimen 

deform rapidly, control the throttle and decrease the loading rate until the specimen failure 

ultimately and record the failure load. Each specimen need five or six scanning procedure with 

scanning interval 5mm and scanning thickness 3mm.       

Results and analysis of spiral CT tests 

   CT scanning images was 512×512, image resolution was 0.15mm and each pixel point in the 

image was attaching with CT numbers stored with 12-bit number that had 4096 orders. The 

different scanning images of twelfth section of specimen R0, R50 and R100 with different stress 

stage were shown in Fig.1~Fig.3. 

             

(a) σ=0MPa        (b)σ=37.6MPa         (c) σ=37.0MPa         (d) σ=36.5MPa     (e)  σ=36.0MPa 

Fig. 1. Scanning images of specimen R0 during different stress process 
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(a) σ=0MPa    (b) σ=35.9MPa   (c) σ=35.6MPa    (d) σ=35.1MPa   (e) σ=34.8MPa  (f) σ=34.4MPa 

Fig. 2. Scanning images of specimen R50 during different stress process 

 

（a）σ=0MPa    (b) σ=34.6MPa     (c) σ=34.2MPa    (d) σ=33.7MPa   (e)σ=33.2MPa     (f) σ=32.8MPa 

Fig. 3. Scanning images of specimen R100 during different stress process 

As shown in Fig.1 and Fig. 2, because of contraction and volume change caused by damp-heat 

effect, initial microcracks had already existed in the concrete specimen before loading. 

Microcracks extended continuously at the weak interface between cement mortar and aggregate 

with increasing load. For the image shown in Fig.3, many microcracks formed and some 

aggregates were intersected by the microcracks, this was mainly because mixing amount of 

recycled aggregate was 100% and some aggregates had been damaged during the crushing process. 

When the specimen went into failure stage, the number and width of interior microcracks were all 

increase quickly and continuous macocracks formed which was consistent with the macro failure 

behavior of concrete. 

In the Fig.1~Fig.3, the brighter of the zone, the bigger density and CT numbers of the material 

and vice versa. For the same centre of the circle, the CT numbers of damage region and failure 

region at each loading stage with same radius were analyzed by statistics, average CT numbers and 

standard deviation of each image can be acquired, as shown in Tab.2~Tab. 4   

 

Table 2 CT numbers of damage zone in R0 specimen with different stress 

Stress(MPa) 0 37.6 37.0 36.5 36.0 

CT numbers 2080 2078 2075 2039 1978 

standard deviation 339.7 351.2 364.0 377.0 457.9 

 

Table 3 CT numbers of damage zone in R50 specimen with different stress 

Stress(MPa) 0 35.9 35.6 35.1 34.8 34.4 

CT numbers 1981 1983 1966 1933 1910 1884 

 (standard deviation) 324.7 344.7 350.7 357.3 372.9 404.6 

 

Table 4 CT numbers of damage zone in R100 specimen with different stress 

Stress(MPa) 0 34.6 34.2 33.7 33.2 32.8 

CT numbers 1853 1821 1802 1782 1742 1721 

standard deviation 378.2 380.6 387.0 396.7 405.0 442.0 
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From Tab.2~Tab. 4, we can see that with the increase of mixing amount of recycled coarse 

aggregate, the CT numbers decreased which mean that interior deterioration degree of the specimen 

increased slightly. The relation between CT numbers and different stress can be plotted as Fig.4, 

which showed that there was a linear relationship between CT numbers and stress before the peak 

strength which mean that the specimen occured uniform compression deformation and the 

deformation was mainly elastic; the curve deviated from straight line after the peak strength and the 

change of CT numbers increased rapidly which mean that there were local macrocracks and the 

deformation was mainly plastic, and the observation from the images was consistent with analysis 

result of average CT numbers. With the increase of mixing amount of recycled coarse aggregate, the 

change of CT numbers varied considerably which mean that the uniaxial compression strength of 

recycled concrete decreased correspondingly. 

Analysis of deterioration evolution 

There were many kinds of methods to define different deterioration variables for the same failure 

process of specimens. In this paper, change of CT numbers recorded in the CT test was used as 

deterioration variable to describe the damage degree of specimens. Based on the image processing, 

damage region of interest (ROI) can be defined and measured aiming at describing RIO of 

specimens divisionally by the same standard and CT numbers in each zoning can be determined and 

analyzed. The microcracks number and length can not be analyzed quantitatively, yet combined 

with change of CT numbers, microcracks areas of ROI can be calculated which can be used to 

describe the deterioration variable exactly and acquire corresponding evolution equation. The 

statistic deterioration variable D reflecting the local deterioration degree was defined as: 

decrease of CT numbers

initial CT numbers

rmo rmi

rmo

H H
D

H

−
= =      (1) 

Where Hrm0 was the average CT numbers of ROI under initial condition; Hrmi was the average CT 

numbers of ROI under a certain stress stage.  

      

Fig. 4. The relation between average CT numbers and 

stress    

Fig. 5. The relation between deterioration variable of 

specimen section and stress during loading process 

Microcracks and damage region gradually appeared in the interior of specimen with increasing 

load, corresponding CT numbers decreased gradually. Setting the unloading region as the basic 

region, the change of CT numbers can be substituted in Formulae (1) and deterioration variable D 

can be determined. The relation between deterioration variable of specimen section and stress 
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during loading process was shown in Fig. 5. 

In Fig.5, the deterioration variable was very small prior to peak strength of concrete specimens 

which mean that the number and length of microcracks were very small; when approaching to peak 

strength, there was a steep rising stage in the curve which mean that mocrocracks extensions  

rate increased rapidly. The deterioration of specimen cumulated and evolved with continuous 

loading and CT numbers of each section decreased. We can also see that with the increase of mixing 

amount of recycled coarse aggregate, the deterioration variable of recycled concrete increased faster 

than that of ordinary concrete and uniaxial compressive strength of recycled concrete decreased 

faster than that of ordinary concrete. 

Conclusions 

(1)Combing self-designed loading device and CT testing system, the CT real-time scanning test 

on recycled concrete under uniaxial static compression had been accomplished aiming at tracking 

the propagation process of the internal cracks during the whole loading process, which can provide 

an effective way for studying on the damage mechanism of recycled concrete. 

(2)By extracting and analyzing the CT numbers of CT images under different loading period, 

the relational expression between CT numbers and deterioration variable was established which can 

be better show the effect of mixing amount of recycled coarse aggregate on deterioration degree of 

recycled concrete.  

(3)The real-time CT images showed that the concrete failure began at the interface of cement 

mortar and aggregate: micro-cracks initiated, perforated to the interior of mortar and formed 

marocrack finally. 

(4) The results showed that with the increase of mixing amount of recycled coarse aggregate, 

the deterioration variables of the specimens increased which mean that the density of recycled 

concrete was lower that the ordinary concrete and uniaxial compression strength of the specimens 

decreased. 
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Abstract. Instant Message is currently the most popular way to communicate on the Internet, so 

various Instant Messaging software are continuously appearing; Service providers offer more and 

more communication service nowadays. Java programming language (Java 2 Standard Edition) is one 

of popular programming languages. With its features of cross-platform, security, multi-threaded 

capability, Socket Programming, data flow concepts and so on, Java has its own distinctive and 

functional advantages. Therefore, based on the research and analysis of LinuxQQ, with the Java 

language and J2EE, this paper designs an instant messenger—JICQ (Java for I seek you), and then 

analyzes its architecture, modules, as well as its key technologies. During the design and modeling 

process of instant messenger system, the UML and method of object-oriented analysis and design are 

used. Furthermore, the modeling tool of Rose is included. Based on the system j2se1.5, j2ee1.4, the 

Eclipse development tool in the development process, and refactoring development method, the 

system design is optimized. Due to these factors, the system is safe, efficient and practical in different 

operating system platforms. 

Introduction 

Technology based on the sun company java language, the language has many advantages, for 

example, multi-thread, Network flows concept, arrested deal with exception, security and speed and 

performance, can write with a time, crossing platform merit and running anywhere. 

Multiple threads is such a mechanism, which allows programs executing concurrently more 

instruction flow, each instruction flow is called a thread, and one independent, threads also called 

processes that lightweight. The multiple threads technology allows one application starts many light 

of program that makes many applications to competition the CPU resources, thereby improving 

efficiency of the system. For communication of internet tools, multiple threads is required, not only 

to efficiency but also can achieve deal with many requests at the same time, 

Network flow ：the internet communications and the reading of Java are understanding as a 

conception, and so on, network data transmission like reading the document on a machine, in favor 

of to understand and write programs ， in java class library is full of IO flow of resources and 

internet programming resources, the software developers can be very convenient to write the web 

application program. 

EXCEPTION：Java deal with the exception by object-oriented way. in a method of operation, 

if the exceptions, then this method generates an object representative the exception and put it to 

run-time systems, the system look for the corresponding code to handle this exception. We call 

throwing an exception for creating an object and putting it to the Run-time the system process. 
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Run-time system finds in the call stack ways, from method generating exceptions now to back, until 

find to contain the corresponding exception method, the process called capture (catch) an exception. 

Therefore, java exceptions are very convenient. 

Cross-platform ：the very important feature of java language is irrelevant to the platform.  

Using java virtual machine is the key to carry out the characteristic. if the high-level language wants 

to run in different platforms, which needs to be compiled into object code at least. However, the 

java language does not to be recompiled when runs on different platforms after inducting the java 

virtual machine. Java language to shield impertinent information for concrete platform uses virtual 

machine, the java language compiler to generate java virtual machine runs on the object code () 

representation, in a variety of platforms are running. Java virtual machine in the representation is 

the representation of specific explanation in the machine instructions. 

Development Environment 

Borland JBuilder is the first Java development environment across platform in globe that can be 

used to build with the industry standard java applications systems , not only develop the table level 

procedure but also develop web, ejb , xml and databases applications. Two-way, visual design tool 

that we can build a variety of applications, and deploying to many kinds of application servers and 

use jbuilderwe can quickly and conveniently build a java applications, and it provides the function 

in the editor similar to the vs. net, it has an absolute issue, we don't have to arrangement the java 

layout manager by hand, the whole can drive fast using jbuilder. 

Eclipse is an opened source code, based on java extensible development platform. for itself, it 

is only a framework and a set of service, used the components of plug-in to develop environment. 

fortunately, eclipse attaches an additional plug-in set of standard including java development 

tools(ava development tools, jdt). Although most people are very pleased to use eclipse as java ide, 

but the eclipse target more than it, the eclipse also includes plug-in development  environment 

(plug in and development environment, pde), the components aims to the software developers hope 

to expand eclipse, because it allows them to build a seamless integration with the eclipse 

environment. Using eclipse plug-in to build a dynamic jsp process will become more comfortable, 

fast, easy and convenient. 

Rose, a set of great value system modeling tools, it can provides a convenient system modeling 

functions such as example chart, behavior chart, the movements and the weather chart etc. It can be 

speeded up the system design and development effectiveness， providing user and the developer 

clear chart, their communication will be more convenient and effective. 

SQL SERVER2000 Database is Microsoft's powerful database management system, have 

many database management common functions, such as storage process, data query and update etc. 

it is a very ideal backend database system.  

The JSWDK Tomcat's Sun microsystem JavaServer (Web) in the short Kit Servlet operation 

environment (Servlet vessels), is a free open source of Serlvet containers, it is a core Jakarta project 

of Apache foundation, they are developed by Sun micro system and some other companies and 

individuals commonly. 

System design 

The system refines module as function, mainly including registered logged on, buddy talking, 

buddy management, crowd talking four modules, there are many other small parts, the four modules 
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is the core modules to achieve the system, the coupling among modules is very low, the registered 

module achieve by b/s structure, without install the client. 

The registered module is most basic module of the whole system, the module primarily 

through b/s to realize, the technology adopts three (n) structure of the j2ee, it has the following 

characteristics: 

� effectively reduce the building and maintenance costs and simplify the management;  

� adapt scale and complexity application needs;  

� can be used to constantly change and the new business requisitions,  

� visit from different database 

� effectively improve the system concurrent processing capability;  

� effectively improve the system security 

Performance of the modules with technology is the servlet and jsp and the database use sql 

database is 2000. The modules including the following functions ：  account registration, 

passwords retrieve, passwords alter and personal information for enquiries. The user can make the 

number of registered, passwords retrieve and other features interact with the web server through the 

module. 

Complimentary close 

Along with the rapid development of Internet, the Internet communication has become one way of 

communication by many people, this system is designed to realize real-time communication on the 

Internet, it is one of the most popular Java programming languages to realize real-time 

communication tools, including the rudiment of many aspects of the technology used is a Java or 

difficulties. You can go through this system for the application number, you can login system after 

some simple operation and Settings, such as adding friends and friends group, etc, and then you can 

communicate with friends, such as real-time transmission, and the immediate response, etc. This 

system can run on the Internet or LAN, users can easily for information exchange. 

Through the implementation of this system, the instant communications has good application 

prospects, function will more and more perfect, the service providers improve more services, there 

will more users, the kinds of instant communications software itself is also being expanded, and to 

an instant communications software is also perfect. Instant communication development and 

application may be the internet and the whole world's a miracle, I sincerely hope that more 

scientific workers and experts join in the field of research. 
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Abstract. The lathe-bed structure has a great influence on the overall performance of a lathe. The 

CNC lathe-bed model is established based on the finite element method, then the defects of the 

lathe-bed structure were found out by dynamic and static analysis. The reasonable layout of stiffened 

plate structure in the lathe-bed is put forward without altering the shape size and interface dimension 

of the lathe-bed, and three better types of modification configuration of the lathe-bed were proposed 

in this paper. 

Introduction 

With the development of high speed and high precision of CNC lathe, the requirements of the static 

and dynamic performance of the lathe structural components have become more and more signifi-

cant. Therefore, the study of reasonable structural design method of a machine tool has become an 

important issue in the field of machine tool design. Nowadays, the methods of stiffened plate con-

figurations in machine tool structure design are mainly based on finite element method
[1,2]

, such as 

combining  

the parametric design with finite element analysis
[3]

 and bionics method
[4]

. 

Although all these methods could effectively increase the stiffness of machine tool structure, a 

class of problems has not been effectively resolved in the field of machine tools structure design, i.e. 

how to efficiently and quickly modify the machine tool structure without altering the shape size and 

interface dimension of the structure. For a machine tool structure, good technological properties is 

necessary, not only to consider structural stiffness, but also easy to manufacture. Therefore excessive 

constrained conditions for the structure optimum design have emerged. It is difficult to adopt to-

pology optimization to optimize the machine tool structure. Exploring an effective and practical de-

sign method on modifying machine tool structure is essential. 

Based on finite element code ABAQUS, static and dynamic model of a high precision CNC 

lathe-bed were established. The defects of the lathe-bed structure were found out by dynamic and 

static analysis. The reasonable layout of stiffened plate structure in the lathe-bed is put forward 

without altering the shape size and interface dimension of the lathe-bed, and three better types of 

modification configuration of the lathe-bed were proposed in this paper. 
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Finite element model of the lathe-bed 

Structure simplified methods 

First the CAD model of the lathe-bed was built by Solidworks. Then the model is input into 

ABAQUS by the form of Para solid. The actual structure of the lathe-bed was simplified so as to 

establish a reasonable effective finite element model and improve the calculation efficiency. The 

followings were the basic principles for simplified the structure: 

(1) Ignoring small features in the CAD model, such as chamfer, circular bead, and some small 

holes and lug bosses which size are less than 20mm. 

(2) Changing the smal1 taper and small curvature surfaces to straight line and flat surface. 

(3) Removing some small structures, such as the uplift in the guide way basement and some 

small lug bosses on the side bed for installation, etc. 

    
Fig. 1 a CNC lathe bed outside view       Fig. 2  the finite element model of bed 

The static FEM model of the lathe-bed   

The main purpose of static analysis is to get static deformation of the lathe-bed under cutting 

forces. The load forces on the lathe-bed include two parts: (1) The gravity of other parts on the bed, 

for example, spindle box, vertical and horizontal slide system, turret, tailstock, vertical drive screw, 

motor, hydraulic system, and electronic control system, etc. Gravity of these components is equiva-

lent to distributed loads or torques and loaded on the corresponding surface of the lathe-bed. (2) The 

cutting forces on the lathe-bed. 

In addition, the lathe-bed was connected with foundation by bolts. Since the stiffness of the join 

between the lathe-bed and foundation is difficult determined, the join constraints were simplified as 

fixed constraints. And this constraint has no effect on comparing different bed options.  

Figure 1 is a CNC lathe-bed outside view, the length of the bed is 1590mm, and width 860mm, 

height 1076mm. The material elastic  

modulus of the bed is 1.1e5MPa, density is 7200kg/m3, and poisson's ratio is 0.28. The finite element 

model used modified tetrahedron element (C3D10M), and size of grid is 45mm. Figure 2 is the finite 

element model of the lathe-bed. 

The dynamic model of the lathe-bed 

As the same reason above, the stiffness of bolt joins between the lathe-bed and foundation can 

not be determined accurately. If using different bolt joins stiffness, it is difficult to find the modifying 

location in the bed by the FEM analysis results. In this paper, free modal finite element analysis was 

conducted on all configurations of the lathe-bed.  

Performance analysis of the bed structure 

Modal analysis 

For a machine tool structure, the lower order modes have greater impact on actual manufac-

turing process. This paper analyzed the first five modal of the lathe-bed using the Lanczos method, 

and the first five natural frequencies and their modes were extracted.  

The following information can be obtained from the modes in figure 3: the first-order mode is 

rotation motion along the Z direction, the second-order mode is transverse horizontal bending, and 

X 

Z 

Y 

1 
2 

3 
4 
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the third-order transverse vertical  

bending. The forth and firth-order modes reveal a weak stiffness in the guideways. Therefore, from 

the view of structural modification, improving the bending stiffness and torsional stiffness are the 

most efficient methods to enhance the performance of the lathe-bed structure. 

 

 
(a)1st mode        (b)2nd mode    (c)3rd mode      (d)4th mode     (e)5th mode 

Fig. 3, Bed Structural natural modes predicted from FEM analysis 

 

Bed structure modification 

In order to improve torsional stiffness of a machine structure, the material should be distributed 

in the surroundings to increase torsional moment of inertia section. Longitudinal stiffened plate 

layout directly affects torsional stiffness of the lathe-bed. Figure 4 display the section of the 

lathe-bed, the longitudinal stiffened plate layout used network structure, and B cavity is rectangular, 

C cavity is square and A cavity is triangular. Rectangular cavity has poor torsional capacity and tri-

angular cavity A is larger. The middle slideway D lacks of longitudinal stiffened plate resulting in 

relatively lower bending stiffness.  

 

Fig. 4 the cross section of original bed 

 

In view of the above analyses, the lathe-bed has weak torsional and bending stiffness. Three 

types of modification configurations were proposed without altering the shape size and interface 

dimension of the lathe-bed in this paper: 

(1)Arc-shaped stiffened plate configuration (fig 5.a)  

Change the stiffened plate on the triangle A to approximate arc-shaped to enhance overall tor-

sional stiffness of the lathe-bed. At the same time, a longitudinal stiffened plate under the middle 

slideway D was added to improve the bending stiffness. 

(2) Cross-vertical stiffened plate configuration (fig 5.b)  

A longitudinal stiffened plate under the middle slideway D was extended to back wall of the 

lathe-bed to improve bending stiffness and formed a closed area in the top of the lathe-bed. In addi-

tion, a longitudinal cross-vertical plate was accepted to enhance overall torsional stiffness of the 

lathe-bed. 

(3) Square mesh stiffened plate configuration (fig 5.c) 

A longitudinal stiffened plate under the middle slideway D was added to improve the bending 

stiffness of the slideway. B and C cavity were changed into small square cavity, which not only im-

proved the torsional stiffness of the lathe-bed structure, but also increased the bending stiffness. 

B 

A D 

C
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(a) Option 1  (b) Option 2   (c) Option3 

Fig. 5  the geometry of three machine configuration 

 

The three types of modification configurations have the same number of transverse plate with 

that of the original lathe-bed. Parametric finite element analyses were conducted on these three 

models to determine the best parameter of the lathe-bed with minimum weight, maximum static 

stiffness and maximum first natural frequency as optimization objectives. In option one the para-

meters are diameter of circle in transverse plate, radius of Arc-shaped stiffened plate, length of lon-

gitudinal stiffened plates under the middle slideway D, size of openings in longitudinal stiffened 

plates, distance between middle plate and front wall of the lathe-bed. In option two and three the 

parameter is diameter of circle in transverse plate. 

Table 1 shows the first five natural frequencies and mass of the different lathe-bed options. It can 

be seen that the first five natural frequencies of modified configurations are much higher than that of 

the original bed. The three modified lathe-beds have a higher stiffness than that of the original bed. 

 
Table 1, the first five natural frequencies of four designs and their mass 

  Frequency(Hz) 

Mode.no Original  Option1  Option2  Option3  

1 213.1 329.6 304.6 318.3 

2 292.7 395.4 395.9 420.7 

3 374.8 517.2 529.2 527.0 

4 390.1 585.3 595.9 590.7 

5 408.5 603.3 610.0 622.0 

Mass/kg 1256.3 1404.1 1462.5 1467.0 

 

Table 2, the displacement on the point 1, 2, 3, 4[µm] 

 

Option 1 has the highest first-order natural frequency (329.6Hz), 55% higher than that of the 

original design, indicating the Option 1 configuration was more conducive to raising the torsional 

stiffness of the lathe-bed structure. Option 3 has the highest second-order natural frequency 

(420.7Hz), 44% higher than the original design, indicating the configuration of option 3 is more 

conducive to raising the bending stiffness of the lathe-bed structure in the horizontal direction. Option 

2 and 3 both have the highest third-order natural frequency, 41% higher than the original design, 

indicating the configurations of option 2 and 3 are more conducive to raising the bending stiffness of 

the lathe-bed structure in the vertical direction. Because of a longitudinal stiffened plate under the 

middle slideway D was added in the three types of configurations, the forth and fifth-order natural 

frequencies are 50% higher than the original bed structure.  

In order to compare static stiffness of the three types of configurations, static analysis with the 

same cutting force was conducted to get displacement on the slide block in the lathe-bed. Table 2 

indicated the displacement on the point 1,2,3,4 and figure 2 showed the location of point 

View point 1 2 

direction X Y Z total X Y Z total 

original -5.13 -0.50 -1.17 5.29 -4.94 -0.34 -1.31 5.13 

Option 1 -3.24 -0.61 -0.70 3.37 -3.36 -0.19 -0.77 3.45 

Option 2 -3.23 -0.57 -0.65 3.34 -3.27 -0.16 -0.75 3.43 

Option 3 -3.19 -0.53 -0.62 3.29 -3.25 -0.14 -0.69 3.32 

View point 3 4 

direction X Y Z total X Y Z total 

original -4.44 -4.95 -1.15 6.75 -4.44 -4.95 -1.15 6.34 

Option 1 -2.93 -2.38 -0.86 3.84 -2.69 -2.22 -0.75 3.56 

Option 2 -2.91 -2.22 -0.85 3.75 -2.67 -1.92 -0.72 3.36 

Option 3 -2.88 -2.09 -0.81 3.64 --2.63 -1.89 -0.69 3.31 
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1,2,3,4.Deformation of tool rest is effected by the displacement on the slide block, which were all 

smaller than the original one,  indicating that the static stiffness of modified options were greatly 

improved. 

Conclusions 

The design defects of the lathe-bed structure were found out by dynamic and static analysis based on 

finite element code ABAQUS. Three better types of modification configurations were proposed 

without altering the shape size and interface dimension of the lathe-bed. The simulation results reveal 

that static and dynamic performances of modified lathe-bed structures were greatly improved than the 

original structure. Lathe-bed structure modification methods under constraints proposed in this paper 

were beneficial to machine tool structure design. 
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