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Abstract: This paper introduces the significance of neural network system 

identification, the advantages of neural network and RBF neural network. The article 

focuses on the learning algorithm of RBF neural network and its application in system 

identification. The article demonstrates the initialization, training and actual results of 

RBF network with a simulation example. The simulation results show that the designed 

RBF network has faster identification speed and better identification accuracy. 
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1. Introduction 

L. A. Zadeh defined the word "identification" in 1962: "Identification is to determine a 

model equivalent to the system under test from a set of given models based on input 

and output data." Because system identification and parameters Estimation is one of 

the important ways to establish the mathematical model of the controlled system, and 

the modeling method is the premise and foundation of system analysis, design, 

prediction, control and decision-making. Therefore, the research on system 

identification is not only of great significance, but also has extensive engineering 

application value. 

In recent years, the system identification method based on neural network (ANN), as 

an emerging field, has attracted extensive attention of control workers. The reason 

why neural networks can arouse the interest of control workers is that:The neural 

network has the ability to approximate any nonlinear function;The neural network is 

composed of simple units with a parallel structure, which makes the neural network 

easy to implement with very large scale integration(VLSI) of parallel features, so that 

the neural network has the advantages of fast speed and high fault tolerance;The 
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structure of the neural network itself and its multi-input and multi-output 

characteristics make it easy to use in the identification and control of multi-variable 

systems, and it is more economical than other approximation methods;The neural 

network has the characteristics of self-learning and self-adaptation. It is mainly based 

on the data provided by the researcher. Through learning and training, the researcher 

finds out the internal connection between the data and the output, so as to obtain the 

answer to the problem, rather than Relying on the researcher's prior knowledge and 

rules of the problem, it has good adaptability. 

 

2. RBF neural network 

Radial Basis Function Neural Network (RBFNN) is a typical local approximation artificial 

neural network, which is usually composed of input layer, hidden layer and output 

layer in structure. It is the direct mapping between the input layer and the hidden 

layer unit, while the weighted linear summation mapping mode is used between the 

hidden layer and the output layer (see Figure 1). The network with this structural 

feature can reduce the complexity of the network weight coefficient  

 

 

Fig. 1 RBF neural network flow chart 

calculation and accelerate the learning process. The network of this structural feature 

is mainly used in the fast realization of functions such as pattern recognition, function 

approximation and classifier. 

RBF network is a kind of forward network with good performance. It not only has the 

property of global approximation, but also has the best approximation performance. 

The RBF network structure has a linear relationship between output and weight. At 

the same time, the RBF network training method is fast and easy to implement, and 

there is no local optimal problem in the RBF network. These advantages have laid a 

good foundation for the application of RBF network. 

 

3. Learning algorithm of RBF neural network 

There are three parameters to be learned by the RBF network: the cluster center of 
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the basis function, the expansion constant and the weight. According to the different 

selection methods of the radial basis function center, there are many learning methods 

for the RBF network. In this paper, the self-organizing selection center method is used. 

This method consists of two stages: one is the self-organizing learning stage, that is, 

the stage of learning the cluster centers and expansion constants of the underlying 

function of the hidden layer; the second is the supervised learning stage, that is, the 

stage of learning the weights of the output layer. 

3.1 Learning cluster centers ),...,2,1( Iiti  . 

The self-organizing learning process uses a clustering algorithm, and the commonly 

used clustering algorithm is the K-means clustering algorithm. Suppose there is I  

cluster center(the Numerical value I of which is determined by prior knowledge), let 

),...,2,1)(( Iinti  be The center of the basis function at the Nth iteration, the 

implementation steps of the algorithm are as follows: 

Step1: Initialize the cluster center, That is, according to experience, randomly select 

I different samples from the training sample set as the initial center

),...,2,1)(0( Iiti  .and set the number of iteration steps n=0; 

Step2: randomly input training samples kX ; 

Step3: Find which center the training sample kX  is closest to, that is, find )( kXi  to 

satisfy IintXXi ik
i

k ,...2,1,)(minarg)(  in this formula, )(nti  is the ith center of 

the basis function at the nth iteration. 

Step4: Adjust the center, use the following formula: 
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to adjust the center of the basis function.  is the learning step and 10  . 

Step5: The author judges whether all training samples have been learned and the 

distribution of the center does not change. If the author judges the answer to be 

affirmative, end, otherwise 1 nn , go to Step2. 

In the end, what the author gets is ),...,2,1( Iiti 
.
This is the cluster center of the final 

basis function of the RBF network. 

3.2 Determine the expansion constant ),...,2,1( Iii  .  

Once the learning cluster center is finished, it will not change, and then the author 

needs to determine the expansion constant of the basis function. When the RBF uses 

the Gaussian function, that is Ii
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see Fig. 2. 
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Fig. 2 RBF uses the Gaussian function flow chart 

 

The expansion constant can be calculated using the following formula.

I

d
I

2
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21     

In this formula, the number of hidden units is I ,the maximum distance between the 

selected centers is maxd . 

3.3 The author determines the weights ),...,2,1,,...,2,1( JjIiij  .  

The author of the weight learning algorithm uses the pseudo-inverse method to solve, 

namely: DGW  . DGW   is the expected response, G  is the pseudo-inverse of the 

G matrix. TT GGGG 1)(   see Fig. 3. 

 

Fig. 3 RBF uses the Gaussian Simulation Convergence Analysis 

 

where is the expected response and is the pseudo-inverse of the matrix 

The G matrix is determined by:  kigG 
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The weight matrix W is:   JjIiwW ij ,...,2,1;,...,2,1,  . 
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4. Simulation research 

The identification object is randomly generated by the system with 100 random 

numbers. The author trains the network model accordingly, and the author uses the 

test sample to test the effect of identification. Firstly, the author normalizes the 

samples, and then the author uses the clustering algorithm to learn all the training 

samples. The learning results show that the samples are divided into 10 subclasses 

and there are 10 cluster centers. Finally, the author uses the obtained model to test 

the test sample. Figure 4(a) and Figure 4(b) show the initial data (represented by the 

red + sign), training samples (represented by the black curve), test samples 

(represented by the blue curve) and error curves of the identification process, 

respectively. The simulation results show that the identification results obtained by 

the identification method proposed in this paper are satisfactory. 

 

  

Fig. 4(a) Simulation results of the RBF network     

 

Fig. 4(b) Error curves of the identification process 

 

5. Conclusion 

In this paper, a class of system identification algorithm based on RBF neural network 

method is proposed. In the network training stage, the method adopts the K-means 

clustering algorithm and obtains the cluster center of the basis function, and the 
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method uses the pseudo-inverse method to solve the weights of the network. 

Simulation experiments show that the neural network designed by this method has 

faster identification speed and better identification accuracy. The network has a 

certain generalization ability. 
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