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Abstract

To overcome the poor dynamic performance of DC servo motor position leap control caused by the
limitations of the conventional PID cascade control structure and the uncertainty control effect by
the under-trained neural network feedforward controller, a control method based on fuzzy infe-
rence decides neural network feedforward compensation control quantity is proposed. The me-
thod consists of three control submodules: basic control module, neural network control module
and fuzzy decision module. The basic control module is conventional PID control, which ensures
the stability of the system at the initially stage of control and provides online learning samples for
the neural network control module. The neural network control module performs feedforward
compensation on the PID controller through learning the dynamic inverse model of the controlled
object online. The fuzzy decision-making module outputs decision factor according to the real-
time tracking situation of the motor position, which is used to adaptively decide the feedforward
control quantity of the neural network control module when it is under-trained, and to improve
the dynamic quality of the position leap control of the DC servo motor. Simulation and experi-
mental results show that the proposed method significantly improves the fast-following perfor-
mance of DC servo motor position control without sacrificing the steady-state accuracy, reduces
the overshoot and settling time, has great dynamic and steady-state performance and strong ro-
bustness.
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Figure 1. Block diagram of the control structure of the mathematical model of DC servo motor
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Figure 2. Block diagram of control structure based on neural network feedforward compensation quantity
decided by fuzzy inference
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Figure 3. Forward propagation of neural network
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Figure 5. Simulation tracking result of step signal under three control structures
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Figure 7. Simulation tracking results of square signals under three control structures
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Table 8. Comparison of simulation tracking performance of the square signal
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Figure 8. The change curve of decision factor 5 in square
signal tracking simulation
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Figure 9. Experimental verification platform
of the DC servo system
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Table 10. Comparison of experiment tracking performance of continuous step signal
= 10. EEMKES LI IRERITHI M REXTEL

P 64 I/ I TR/ SMT (g,)
PID 36.788 6.508 0.896
BP + PID 19.597 1.048 0.272
Fuzzy + BP + PID 3.938 0.712 0.247
1200
Ref
........... PID 770 ¢ Ref
1000 ———— BP+PID 760 R A R PID
Fuzzy+BP+PID | BP+PID
800 750 Pl Fuzzy+BP+PID | |
~ ~T40F o
g o s IR
73000
400 720 —H
200 710
700 £
0 1 1 L L I H L 1 1 L 1 1
0 100 20 30 40 50 60 20 2 24 26 28 30 32
Time(s) Time(s)
(a) HELF RS T SRR L (b)JEEBIBORE

Figure 10. Experimental tracking results of continuous step signal under three control structures
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step signal tracking experiment
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Table 11. Parameters of three-closed-loop PID controller with square signal experiment
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Figure 12. Experimental tracking results of square signals under three control structures
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Table 12. Comparison of experiment tracking performance of the square signal
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Figure 13. The change curve of decision factor # in square
signal tracking experiment
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