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Abstract — Neural networks attract researchers for their learning ability, generalization and parallel processing capability. But 
there are a lot of settings in the neural network algorithm. In this paper, the PSO (Particle Swarm Optimization) algorithm is used. 
Concerning on the nonlinear and complicated process of network weights training in neural work, the PSO improves the work in 2 
ways: Firstly, the rate update formulation is improved, the original individual particle optimal value is replaced with the average 
value of all particles optimal value,- with an individual particle making policy, it can use the reference of other particles. Secondly, 
the computing method of inertia weight is improved, which can improve the adaptive ability of PSO. The simulation proves that 
the improved PSO algorithm has better convergence rate and less error than the standard PSO. All of the parameters of the neural 
network are optimized by improved PSO algorithm, which has better learning ability and generalization. 
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I. INTRODUCTION 

Recently, researchers is improving PSO algorithm with 
different means, which is following 3 main ways: parameter 
calculation, convergence analysis and topological structure 
improvement. Ratnawecra and etc.[1] make improvement on 
the change of the learning factor dimension where the linear 
adjustment is imported, leading c1 becomes bigger firstly 
and smaller, c2 becomes smaller firstly and bigger. Clerc and 
Kennedy[2] put forward a model with 5 dimension where all 
parameters can control the convergent tendency of the 
system. Van den Bergh F[3] made a long time research on 
PSO algorithm and prove in experiment that standard PSO is 
not always converged on globally optimal solution, even not 
on sub-optimal solution. Peer and etc.[4] tried to prove the 
performance of GCPSO, the Ibest topology and Von 
Neumann topology are used in the proving process. Eberhart 
and etc.[5] put forward a new type DNPSO which is a PSO 
optimization algorithm based on dynamic neighborhood.  

The above PSO algorithms has some advantages, but 
there are some problems of them. Firstly , the initial position 
of PSO is generated randomly, some of the particles are far 
from the optimal solution, so the inferior quality individuals 
that interfere the efficiency of the algorithm and quality of 
the solution increase. Secondly, PSO has a good rate of 
convergence in early terms, but if the population is large, 
particles would miss the optimal solution in the search 
process, resulting in the un-convergence of the algorithm [6]. 

After fuzzy neural network come up, it is quickly applied 
by researchers for its integration of fuzzy logic and neural 
network. 

C.S.G.Lee [7] combined self-organization and supervised 
learning, putting forward a composite fuzzy logic-decision 
network model, whose development is through continuous 
optimizing process to find fuzzy logic laws and optimal 
input-output subordinate function. Through great quantity of 
experiments it is proved that this algorithm has a better rate 

of convergence than BP learning algorithm. The common 
structure includes regularization fuzzy neural network, fuzzy 
associative memory neural network [7], etc. 

Recently, the BP neural based on gradient descent and 
genetic algorithm gets most attention. But both of them have 
unavoidable disadvantages. The BP neural based on gradient 
descent has a low rate of convergence, is easy to stay in sub-
optimal solution. Genetic algorithm has a good rate of 
convergence, but there are too many parameters settings. To 
solve the above problems, it is necessary to use PSO to 
optimize the subordinate function and weight parameters in 
fuzzy neural network. 

In this article, PSO is combined with neural network; 
furthermore the standard PSO algorithm is improved. The 
improvement includes 2 aspects: Firstly the individual 
optimal solution in the velocity update formula is improved; 
the original individual particle optimal value is replaced with 
the average value of all particles optimal value. Secondly, 
the computing method of inertia weight is optimized. 

II. FUZZY NEURAL NETWORK BASED ON IMPROVED PSO 

ALGORITHM 

Fuzzy neural network is the process of fuzzing to the 
samples. In this process they would be change in to regular 
pattern. Subordinate function is the mapping relationship of 
input and output variables. The input indicator vector 
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fuzzy collection jC  as domain of discourse yu ,
jC yu  is the 

subordinate function where  is subordinate to jC . 

A. learn algorithm of fuzzy neural network 

Many factors affect the output of fuzzy neural, such as 
the number of input component ix , the number of fuzzy 

level im , the number of subordinate function, fuzzy rules 
and the number of output. Most of the variables is set 
initially, only a part of parameters in neural network need 
training. The median ijc  and the width 

( 1, 2, , ; 1, 2, , )ij ii n j m     and the connection weight 

( 1, 2, , ; 1, 2, , )ij i n j m     in the last layer of 

subordinate function. Through parameters learning the 
relationship between input and output can be discribed[8-10]. 

 Fig.1. is the structure of an individual jth neuron 
node in layer q, where the output is 
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Fig.(1). The structure of an individual jth neuron node in layer q. 

 
For common neuron node, there is relationship equation 
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  . But for fuzzy neural network 

structure, the pattern between input and output function is 
particular, the relationship in the node of layers are: 
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B. The realization of fuzzy neural network based on 
improved PSO  

The fuzzy neural network based on improved PSO will 
be realized as following: Firstly, the population of particles is 
coding. Then ijc , ij  and the output of the last layer ij  in 

the subordinate function of the neural network will be 
optimized in the improved PSO, until the fitness of the 
solution is in a steady state. Meanwhile the stability of the 
quality in the population should be held. After continuous 
optimization, the parameters for the optimal solution are 
obtained. Based on the above optimization process, 
improved PSO is all the way optimize the parameters of the 
fuzzy neural network model by shrinking the distance of the 
optimal solution, until the error is less than the specified 
scope. The neural network optimized by the improved PSO 
has strong learning ability and generalization ability, the 
effect and efficiency in the searching process is better [11]. 

Suppose the particles population is composed of n D-
dimension vectors. The vector x in the population of particles 
stands for the ijc , ij  and the output of the last layer ij  in 

the subordinate function of the neural network. After 
initialization of the particles population, the rate and position 
equations are updated. The error of mean square function of 
fuzzy neural network is:             

   
2

1

1
( )

2

r

di ii
SE y y

r 
                (10) 

Where diy  is the expecting output, dy is the actual 
output, r is the number of the sample.  

C. The step of the optimized fuzzy neural network based 
on improved PSO 

The steps of the optimized fuzzy neural network model 
based on improved PSO are in Fig 2. 
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Fig.(2). The steps of the optimized fuzzy neural network model based on 
improved PSO 

III. PERFORMANCE COMPARISON BETWEEN FUZZY 

NEURAL NETWORK BASED ON IMPROVED PSO AND COMMON 

FUZZY NEURAL NETWORK  

 In fuzzy neural network, there is certain overlap in 
the nerve cells triggered by 2 input vectors. The closer the 
input vectors' distance, the less overlap is, and vanish at last. 
This is because fuzzy neural network has certain local 
generalization ability, which is from neural network. The 
better generalization ability means after sample node 
training, for the non-sample node (test node) input, the 
network will get the error between actual output and 
expected output is less. 

2

1

1
( )

2

rT

di ii
SE T y y

rT 
                        (11) 

 For fuzzy neural network(Model 1) and fuzzy 
neural network based on improved PSO(Model 2), 
Rastringin regression is made where the sampling precision 
is 0.05, the number of subordinate function M=12, the test 
data is the sample values whose offset is 20%. The 
simulation is in fig3, 4, 5. 

 

 

Network Model 1 

 

Network Model 2 

Fig.(3). The approximation effect of 2 types of networks 
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Network Model 1 

 

Network Model 1 

Fig.(4). The output error of training sample in 2 types of networks 

 

Network Model 1 

 

Network Model 2 

Fig.(5). The output error of test sample in 2 types of networks 

 The pictures reveal that compared with fuzzy neural 
network, the fuzzy neural network based on improved PSO 
algorithm has less generalization error. The width, central 
value and the output weight of last layer of the subordinate 
function is optimized by the fuzzy neural network based on 
improved PSO, which confirm the optimal parameters. The 
performance contrast of fuzzy neural network with and 
without improved PSO is in chart 1. 

IV. THE INFLUENCE OF CHANGING THE PARAMETERS OF 

THE FUZZY NEURAL NETWORK BASED ON IMPROVED PSO 

According to the fuzzification to the input vector by the 
Rastrigin function fitting, there are M subordinate functions 
corresponding to the input weight. The expression of 

subordinate functions is  2 2exp /i ijx c     
, 

j=1,2,......,M; ix is the ith weight in the vector;  ijc  is the 

central position of the subordinate functions(average value); 

 is the width(variance) of the subordinate function. The 

choice of M,  influence the approximating function ability 
of the fuzzy neural network. 

The influence of the width   to the fuzzy neural network 
based on improve PSO is shown in chart 2. The chart reveals 
that as far as the increase of, SE and SE-T shows a trend of 
decrease in certain number of subordinate functions. SE and 
SE-T increase when σ is bigger than certain value. 
Therefore, for different number of subordinate functions, 
there is always an optimal, which leads to best performance 
of fuzzy neural network based on improved PSO. 

TABLE 1. PERFORMANCE CONTRAST OF 2 TYPES OF NETWORKS 

σ 0.15 0.20 0.25 0.30 0.35 

Model 2 M 
10 

SE 1.022e-4 0.864e-4 0.948e-4 1.093e-4 1.137e-4 
SE-T 1.222e-4 1.064e-4 1.083e-4 1.109e-4 1.174e-4 

12 
SE 0.952e-4 0.844e-4 0.855e-4 0.889e-4 1.055e-4 

SE-T 1.058e-4 0.896e-4 0.886e-4 0.913e-4 1.168e-4 

Model 1 M 
10 

SE 1.631e-4 1.303e-4 1.362e-4 1.389e-4 1.394e-4 
SE-T 1.922e-4 1.613e-4 1.553e-4 1.569e-4 1.608e-4 

12 
SE 1.336e-4 1.203e-4 1.076e-4 1.079e-4 1.082e-4 

SE-T 1.815e-4 1.602e-4 1.322e-4 1.376e-4 1.417e-4 
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TABLE 2. THE INFLUENCE TO THE PERFORMANCE OF THE FUZZY NEURAL NETWORK BASED ON IMPROVE PSO 
 

σ 0.10 0.15 0.20 0.25 0.30 0.35 0.40 

Number of 
subordinate 
functions 

10 
SE 1.107e-4 1.022e-4 0.864e-4 0.948e-4 1.093e-4 1.137e-4 1.184e-4 

SE-T 1.227e-4 1.222e-4 1.064e-4 1.083e-4 1.109e-4 1.174e-4 1.203e-4

11 
SE 0.995e-4 0.973e-4 0.852e-4 0.935e-4 0.954e-4 0.994e-4 1.136e-4

SE-T 1.094e-4 1.065e-4 0.968e-4 0.985e-4 0.983e-4 1.159e-4 1.194e-4

12 
SE 0.987e-4 0.952e-4 0.844e-4 0.855e-4 0.889e-4 1.055e-4 1.043e-4

SE-T 1.164e-4 1.058e-4 0.896e-4 0.886e-4 0.913e-4 1.168e-4 1.173e-4
 
 

V. CONCLUSIONS 

In this article, PSO is focused researched, the improved 
PSO is connected to fuzzy neural network. New type of 
neural network modelling method is put forward, which 
enhances the model precision. The innovative research 
achievement is as bellows: 

1. Improved PSO is put forward against to standard PSO 
algorithm, which improves computing method of the 
individual optimal solution in the inertia weight and rate 
update equations. This method improves the convergence 
rate and the convergence precision. 

2. The improved PSO is connected to fuzzy neural 
network, the fuzzy neural network modelling method based 
on improved PSO is put forward. The parameters in the 
fuzzy neural network are optimized by improved PSO. The 
disadvantage of the distinguished local sub-optimal point in 
the parameters adjustment process of fuzzy neural network is 
overcome. The learning err and generalization error the 
network is reduced. 
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