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Design of a variable structure PI controller and its
application in photoelectronic tracking systems

XIONG Ai, FAN Yong-kun, WU Qin-zhang
(Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu 610209 ,China)

Abstract: With the aim to provide a high performance servo control for photoelectronic tracking sys-
tems, a simple Variable-structure PI controller (VSPI) is presented by combining the traditional PI
controller theory and the variable-structure idea, then the principles of the controller are introduced
and its design parameter selection is also discussed. Based on the structure of a photoelectronic track-
ing system , the servo control systems by using VSPI, Anti-windup PI controller(AMPI) and Integral
Separation PI controller(ISPI) are simulated, respectively, and the experiments on positioning track-
ing and equivalent sine tracking are also carried out. The experimental result shows that the system
with VSPI controller has no overshoot and its rise time, settling time and tracking precision are 0. 378
s,0.488 s and 1. 26", respectively. Compared with the systems using other two algorithms, the system
with VSIP can complete real time control and can offer better comprehensive performance, which com-
pletely satisfies the requirements of photoelectronic tracking systems for high precision and fast re-
sponse.

Key words: photoelectronic tracking system; variable-structure; PI controller; anti-windup; integral

separation; servo control
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Fig. 2 Integral separation PI controller

HANIRTT

I T

_‘ eswilch‘ 0 ‘eSWllCh‘ €

B3 R J B PT A thl i b 142 Al il 2%

Fig. 3 Proportion variation curve of ISPI controller
Rt e 3h A s P42 il #4% 19 L ] F0 4k 4

YRR 0645 2 58 B AT d5e /) 14 ) 8 A A S 19 |
TV ] AR RE P ] A 22 45 4 P 42 il 2 1oz o i 24

WNE 4 FR . EFXF G R B R Gt /N K TS
Fil i 2l 2R 0 (AR 2 OKG B8 46 00T 5 T 4k s 1) 31
25 MR R A A XS A 4 o T ORI T —Fb
BT L1 A2 45 0 PT 45 il £ (VSPD) o A% Ak #1004
T

K,=(a+(1—a) * sech(e * ¢,))K,,

K, =sech(e * ¢) Ky
Horp:0<Za<<l,e iR ZE . Ko, Ml Ko 23551 2 LA AN
o3 48 2 1 d5c KAB ¢, F i 53 501 S L A9 01 638 344
fit AL AR SR

, (D)

ERIEZST
/
¢ B v "
T

U Rt

\
&4 ARgEH P4 4%

Fig. 4 Variable-structure PI controller
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Fig. 7 Diagram of servo control structure of photo-

electronic tracking system
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Fig. 8 Diagram of step response simulation
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Tab. 2 Performance of step response simulation
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Fig. 9 Diagram of large-range setpoint response sim-

ulation
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Fig. 11 Diagram of step response experiment
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