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Abstract: In controlled field studies, the control problem of nonlinear systems has been a
research focus. Unable to get accurate mathematical models for complex nonlinear systems,
neural networks because of the characteristics of a powerful approximation ability to solve
complex nonlinear system control problems provides new ideas and methods. Aiming at the
problem of identification of nonlinear systems is difficult to compare the BP neural network
and RBF neural network prediction results in delay nonlinear system model prediction.
Simulation results show that RBF neural network can achieve greater recognition accuracy
results.
Keywords: BP neural network; RBF neural network; nonlinear system; Model prediction
INTRODUCTION
Artificial Neural Networks (ANNs), also referred to as Neural Networks (NNs) or Connection Models, is an
algorithmic mathematical model that mimics the behavioral characteristics of animal neural networks and
performs distributed parallel information processing. Artificial neural network algorithms include BP feed
forward neural networks and radial basis (RBF) neural networks for model prediction. BP approximates the
minimum error by constantly adjusting the weight of neurons1-2, and the method is generally the gradient
descent method. RBF is a feed forward neural network, which means that it does not adjust the weight to
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approximate the minimum error. Compared with some forward networks, it has better global optimization
characteristics and function approximation performance3-4, and the structure is relatively simple, the training
is easier and easier to implement.

MATERIALS AND METHODS
Overview of BP neural network：The process of artificial neural network can be divided into two stages,
one is training and the other is operational prediction. During training, the information to be taught to the
neural network (external input) is used as the input of the network and the required output, so that the
network adjusts the connection weight between the processing units according to a certain rule (called the
training algorithm) until it is added. With a fixed input, the network can produce a given output. At this time,
the connection rights have been transferred, and the training of the network is completed. By inputting a
signal to the trained network, it can correctly recall the corresponding output and get the recognition result.
The learning of artificial neural networks is mainly divided into two categories, with guided training: the
input samples are added to the network input and the corresponding outputs are given, and the connection
weights are obtained through multiple training iterations. Unsupervised training: The network automatically
adjusts the connection weights through training to classify the input samples. The structure of the three-layer
feed forward network is shown in Figure 1. The network consists of three layers: input layer, hidden layer
and output layer node, where x and y are the input and output vectors of the network respectively.
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Figure 1: BP network structure model diagram
The BP algorithm consists of forward propagation and back propagation.
(1) Feed forward calculation
a. The input layer input of the network is a dimension vector and the output is a dimension vector.
b. The median hidden layer of the network is:
nm

hm j   w1ij  xi  
i 1

Using the threshold as a weight, the formula can be expressed as:
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The number of input layer neuron nodes is n  m  1 .
c. The hidden layer output value of the network is:

h j  f (hm j ), j  1, 2,
Where h the number of neurons in the hidden layer is, f (x) 

h

[3]

e x  e x
is a hidden layer function.
e x  ex

d. The output layer output value of the network is:
h

y   w2 j  h j

[4]

j 1

The network calculates the loops in the two processes through feedforward calculation and feedback, and
continuously corrects the weight coefficients until the error of the network satisfies a certain precision. The
flowchart of the BP algorithm is shown in Figure 2.
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Figure 2: The flowchart of the BP algorithm
RBF neural network: The RBF neural network structure is similar to the multi-layer forward network. It is
a three-layer forward structure network 5.
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Figure 3: RBF neural network structure
The network topology is shown in Figure 3. The input layer is composed of signal source nodes. The hidden
layer has a set of unit nodes. Each node has a parameter vector called the center. Each node calculates the
Euclidean distance between the network input vector and the central parameter vector, and then passes
through a non- Linear function mapping, the result is passed to the output layer; the output layer linearly
combines the output function values of each node of the hidden layer.
Set the input x of the network be an M-dimensional vector, output an L-dimensional vector y, and the
input/output sample length is N. The hidden layer is composed of radial basis functions, and the Gaussian
function is a radial basis function. The output of the node i of the hidden layer of the RBF network is:

qi   (|| x  ci ||)  exp 
Where, ci is the center of node i , i  1, 2,3

|| x  ci ||2
2 i2

[5]

L , ||  || is the Euclidean norm. Constructing a training RBF

neural network is to learn to determine the center ci and width  i of the basis function of each hidden layer
neuron.
The output of the node j of the network output layer is the linear combination of the output of the hidden
node:
L

y j   wi j qi  
i 1

j

[6]

Where: wi j is the connection weight of qi to y j , and  j is the node j threshold.
Example simulation comparison: A time-delay nonlinear system model is:

y (k ) 

0.5 y (k  1)
 u 2 (k  2)
2
1  y (k  1)

[7]

Select the stimulus signal as 0.3sin(2 k / 300)  0.2 cos(2 k / 40) ,collect 400 sets of training data. The BP
neural network takes a hidden layer with a structure of 2-5-1, a training step size of 0.2, and a momentum
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coefficient of 0.1. The BP network model prediction curve is shown in Fig. 4. The RBF neural network prediction
model is shown in Figure 5.
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Figure 4: BP network model prediction
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Figure 5: RBF network model prediction
The system identification results using BP neural network in Figure 4 basically track the system output. As
can be seen in Figure 5, the identification results using the RBF neural network neural network have a better
effect than the BP neural network identification results in model prediction. It better approximates nonlinear
systems. The output of the network model is basically the same as the output of the system, and it also solves
the disturbance caused by the difficulty in determining the number of hidden nodes in the BP network.
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CONCLUSION
Aiming at the problems existing in the prediction of nonlinear system models with time -delay, it is
proposed that the RBF neural network can approximate the excellent characteristics of arbitrary
functions with arbitrary precision, and it is used to predict the nonlinear system model of time-delay,
and has achieved good results. At the same time, the prediction results of the nonlinear BP neural
network model with time-delay nonlinear system are compared. The results show that the RBF neural
network can obtain stronger prediction model of time-delay nonlinear system model, faster
convergence speed and better generalization ability and better predictive effect.
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