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Abstract: In this paper, intelligent fuzzy control theory is introduced in the model of neural network algorithm, and the 
neural network system is improved by the PID controller, which has realized the feedback and adjustment function of neu-
ral network system, and has made the reaction of the system be more accurate and stable. In order to verify the validity 
and reliability of the designed intelligent control PID algorithm based on the fuzzy neural network in this paper, the algo-
rithm is carried on the programming by using Matlab programming software, and the control process of PID is calculated 
by NNbox simulation toolbox, at last, it has obtained the curve of PID control response changing over time. From the re-
sponse curve, it can be seen that after the PID proportional coefficient is regulated by using fuzzy neural network intelli-
gent control algorithm, it can quickly and steadily obtain the control curve, which has realized better intelligent control ef-
fect, and has provided technical reference for the research of intelligent PID controller. 
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1. INTRODUCTION 

At present, BP neural network algorithm is one of the 
most widely used artificial neural network method, and it has 
strong learning function, self-organizing function, adaptabil-
ity and nonlinear mapping ability, which can be approximate 
to arbitrary precision of many functions. In recent years, in 
order to solve the problem of convergence speed and con-
vergence time of BP neural network, many experts and 
scholars have provided relevant improving approaches. 
NNbox neural network toolbox of Matlab provides condi-
tions for solving this problem. The toolbox contains a series 
of functions of neural network from the establishment to the 
training and to the simulation, and it can conveniently design 
the neural network algorithm by changing the training func-
tion. It also can be improved on the basis of the provided 
functions by NNbox. In the paper, neural network system 
has been improved by using the fuzzy intelligent control 
algorithm, and it has obtained better PID control effect. 

2. THE FUZZY NEURAL NETWORK METHOD OF 
INTELLIGENT PID CONTROLLER 

In the process of neural network system information 
transfer, if the neural network has no back propagation net-
work, after the signal has through the neurons, the process of 
information transfer is over. And in this paper, the use of 
fuzzy intelligent control algorithm has achieved the front-
feedback process of neural system network. For this kind of 
combined neural network system with each other, the signal  
 
 

is continuously adjusted through the feedback from the ini-
tial state, eventually, it achieves to be the balanced state. For 
the adjustment of balanced state, this paper mainly uses PID 
controller to achieve it. 

Fig. (1) shows the structure diagram of the fuzzy neural 
network intelligent control PID algorithm designed in this 
paper. In the process of information transfer, network is al-
ways in the state with constantly changing and adjustment. 
And the use of feedback information makes the response of 
neural network system be more accurate, at the same time , 
the use of PID adjustment can make the response of neural 
network system be more stable. 

3. THE DESIGN OF FUZZY NEURAL NETWORK IN-
TELLIGENT CONTROL ALGORITHM 

Fuzzy control process mainly has three variables, includ-
ing the basic domain of the training samples, the basic do-
main of training residual, and the output variable of brake 
control, and the three variables can be written as the form of 
discrete formulas, so it is as shown in the formula (1). 
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Where
  
x ![a,b] , n represents the dispersion. Neural net-

work system is a biological output process. Generally, it is a 
model with multi-input and single-output, and it is as shown 
in Fig. (2). 

Assuming that when the input variable of neurons is said 
to be

  
x

i
(i = 1,2...,m) , and the output is said to be jy , then the 

relationship between the input variables and the output vari-
ables can be expressed as shown in formula (2). 
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Where, 
 
j  represents the threshold, 

 
W

i j  
represents the 

connected weighting factor from the neuron  i  to the neuron

 
j , 

  
f ()  represents the fuzzy control function, then the mem-

bership function can be expressed as shown in the formula 
(3). 
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It can solve the fuzzy control function with the weighted 
average method. 
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Where, u represents the value adjusted by the neural net-
work feedback, and the form of PID control can be written as 
shown in the formula (4). 
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It only needs to set up three parameters of 
 
k

p
, 
 
k

i
 and 

 
k

d

, so as to achieve the process of fuzzy intelligent control. In 
order to realize the fuzzy intelligent control function of fuzzy 
neural network algorithm, this paper uses Matlab software to 
carry on the programming of this algorithm. Firstly, it carries 
on the defuzzification design of the intelligent control for the 
neural network algorithm, and the used main program is 
shown as following. 

V_R1=dikaer(E_R,7,EC_R,7); 

V_R1=reshape(V_R1,1,49); 

V_R2=jdikaer(V_R1,49,R,7); 

V_R=max(V_R2); 

v_L=mean(V_R); 

Intelligent control selection rules and procedures are as 
follows. 

brake=-flisan(-150,150,3,u_L); 

k_2=k_1; 

k_1=k; 

 

Fig. (1). Structure diagram of fuzzy neural network intelligent control PID algorithm. 

 

 
Fig. (2). Schematic diagram of the neural network information transfer. 
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if (k<0) 

    if ((k>-Eswith)||(throttle_1~=0)) 

        if(throttle<=throttle_1) 

            throttle_1=throttle; 

            v=throttle; 

            Q(k)=v; 

            W(k)=0; 

        Else 

…... 

4. COMPUTER VALIDATION OF THE FUZZY NEU-
RAL NETWORK PID ALGORITHM 

In order to validate the validity and reliability of fuzzy 
neural network PID control algorithm designed in the second 
parts, this paper uses the Nnbox neural network toolbox of 
Matlab to simulate the algorithm. Firstly, it builds the fuzzy 
control rules, as shown in Table 1. 

As shown in Table 2, the analog output is the fuzzy vec-
tor of 1 × 7, and the corresponded discrete variable of each 
row element is jz . Through the training of neural network 
training samples, finally it obtains the linear regression anal-
ysis results, as shown in Fig. (3). 

 

Table 1. Fuzzy control rules. 

 -3 -2 -1 0 1 2 3  

NB 1 0.5 0 0 0 0 0 A0 

NM 0 1 0.5 0 0 0 0 A1 

NS 0 0.5 1 0.5 0 0 0 A2 

ZO 0 0 0.5 1 0.5 0 0 A3 

PS 0 0 0 0.5 1 0.5 0 A4 

PM 0 0 0 0 0.5 1 0 A5 

PB 0 0 0 0 0 0.5 1 A6 

Table 2. Comparison of different neural network algorithm results. 

Algorithm Training Function The Number of Training Mean Squared Error 

Genetic algorithm traingd 2000 0.134968 

Neural network algorithm traingdm 2000 0.108883 

Fuzzy neural network algorithm trainrp 2000 0.0135652 

 
Fig. (3). Linear regression analysis. 
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As shown in Fig. (3), it represents a linear regression 
analysis process of the neural network training samples. All 
data are placed in a data set, and these data include the train-
ing data, validating data and test data. At last, the linear re-
gression results are output. 

Fig. (4) shows the schematic diagram before the adjust-
ment of fuzzy neural network on PID. Firstly, the integral 
item and differential item are removed, the systems control 
mode becomes the pure proportional control mode. It can be 
seen from the simulation model that when the proportional 
adjustment coefficient of the system is larger, the system will 
response rapidly, but the reaction of the system is not stable, 
so it needs to be optimized and regulated. 

 

Fig. (5) shows the output curve of intelligent adjustment 
on PID controller by using fuzzy neural network algorithm. 
From the simulation results, it can be seen that after the ad-
justment of fuzzy neural network, the response of system is 
quick, and the run is smooth. 

Fig. (6) shows the actual precise control process and the 
results of automation fuzzy intelligent control process. The 
image on the left shows the non-fuzzy intelligent control 
results, and the image on the right shows the fuzzy intelli-
gent control results. Through the comparison, it can be seen 
that the fuzzy intelligent control can achieve precise control 
effect. 

 

 

 

Fig. (4). PID intelligent adjustment process. 

 

 

Fig. (5). PID controller intelligent optimization and adjustment process. 
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From the results, it can be seen that with the same num-
ber of training, the calculation error caused by fuzzy neural 
network control algorithm is lower than that of the genetic 
algorithm and neural network algorithm, and fuzzy neural 
network control algorithm has a high control accuracy. 

CONCLUSION 

This paper established the mathematical model of fuzzy 
neural network PID intelligent control, and the front-
feedback function of neural network was used to realize the 
regulating function of proportional coefficient, which made 
the adjustment of the system be more stable.Using Matlab 
programming to verify the algorithm, and using NNbox  
 

toolbox to carry out the numerical simulation on neural net-
work algorithm, then it obtained the response curve of PID 
control with changing over time. 

Through the comparison between the curve of PID con-
trol with changing over time and the different neural network 
algorithm, it could be seen that the fuzzy neural network 
could quickly adjust the control process, and it had achieved 
a better control effect. 
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Fig. (6). The final results of intelligent control. 
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