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Fuzzy compensation control of disturbance signal
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Al Zhi-wei"”” ,TAN Yi"? WU Qiong-yan'? REN Ge'”’
(1. The Institute of Optics and Electronics, Chinese Academy of Sciences,Chengdu 610209, China;
2. Key Laboratory of Beam Control,Chinese Academy of Sciences,Chengdu 610209, China;
3. University of Chinese Academy of Sciences,Beijing 100049 , China)

Abstract:In order to suppress the influence of disturbance signal on fast steering mirror system and ensure the ability
of suppressing disturbance signal when the structural characteristics of the fast steering mirror have changed,a com-
pound control system which can fuzzily compensate the disturbance signal is proposed. To compensate the deviation
caused by disturbance,the output parameters of fuzzy controller are used to set the control parameters of the PID con-
troller and the feed forward link at the same time. The control system don’ t need extra sensors,which will not increase
the complexity of hardware system. By using frequency domain analysis method, the initial control parameters of PID
controller are designed,and then the rules of fuzzy control are designed. Finally,the simulation experiments are carried
out. Experiment results show:whether the structural parameters of the fast steering mirror change or not, the disturb-
ance fuzzy compensation control system both has a good ability to suppress disturbance signal.
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Fig. 1 Simplified structure of fast steering mirror
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Fig. 2 Closed-loop Bode diagram of fast steering mirror
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Fig. 3 Schematic diagram of feed forward correction
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Tab. 1 The fuzzy control rules of fast steering mirror
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Fig. 5 Curved surface of tuning parameter of fuzzy controller



214 5 RS AN

4 KBHN

BRI S S 1 7 i 28 482 eI el £ R A3t
BB B ARG, B REEZH T
Pl A U R TOR e A S R S R 0 2
Horp BOv Pt i it DSP B ; D) AR AR A
YEBICAE, T DU AR5 5 RO F2 1 e >R T o
FrbLsE Bl

6 ZScku R Kl . 1 Simulink B 735135
SRR S S B 547 1 bR o B S S5 I Sl B
AR IR o PRI SR B A4 1 2R A R A
P AL PR PR OMBREAAR S, Al LUK Pk T A
AR il R B0 U PR SR B e S T
RAMMERE" . BB THH RGNS, BRI
SEAPRANE, NI RGN RS 5 5,
TR RGN PERE o

Feed forwar d

Position feedback

K6 S RGNEE

Fig. 6 Sketch for the experimental system

4.1 ZEERFEZR

T PRI SRR P B B AR S ) R GE 45 2 Y
5o BRI E A E IR R E M S . T 2
P i P ] 2R G845 P Sh A A il R 40 Ja ) i 2%
XFEC o FTLRATE H RIS i 28 G Xd 90 3 i 3 58 7 %
25 AEA PSR OU T, T ZARA AT i ) 4
5T, M EH R GRS E AL E . T
YU M i 2R GEAE 4 3l i BUR AR DLl al LUK
WBNE T 5E M, I HAE S 2581 1 Fe o v
DU
4.2 REER

] 8 2 il o 4 i R e R S B A M ) R 52
TEIEZA A 5 TR ER 2. M Hal IR 3,
B AT ) R SRR T 5 S R
P 3 A 155 R 22 AR, R BB 919 IR ]
A REPRUEERER ORI o PESh B AN il RSy
SR 2 A R A0) 0 B Bt A 1% 22 , (ELIR A LU R 5t
PEHIT S X AR/ 2, 58 M HI I 55 11
FHR VR B o] A AR R =

H4TE
20 T T T T L
=++-feedforward algorithm
15 «+=+=-disbulence fuzzy compensation algorithm
10

altitude

1 105 11 LI5S 12 125 13 135 14

time/s
T PRSI R
Fig. 7 Output curve of Zero-holding experiment

20

altitude

W
o
-~ e
~—
‘\\\

1 1.0s 11 115 1.2 125 13 135 14

time/s
&8 R i Hh 2k

Fig. 8 Output curve of tracking experiment

4.3 MEKER

PR S S BEE R I IR 6 S, s 25
AIRE LR A AN SR P M BE YRR, 3 B 2 A B
TE0(7) E—Br R BN o P9 R
A5 SRR B BR S 5 A th - 2. K
AT PUSISOR P R P 1 AR AR g 0 RSk
RO i A R P RE SR AS R R AR R U, B %

P R G R E it
IS
10g

%5%

‘\ Y
O- :.: P

10 L . L L L . ) 1 .
1 102 1.04 106 1.08 1.1 1.12 114 116 118 1.2
time/s

B9 Y GBS S B RIS (6 B B 1
Fig. 9 Step response of the fast steering mirror before

and after structure parameters change



Wt 5 204 No.2 2017 SGEAEAE PR S BT Sh 55 AR b g 215
5 & it RBRE, T, 2, . 1 ALK Sl 1 R S

PRI S B 3l T R ]y — A B iR B
TN A AERA T L5 P B, I i BT i R ik
FOMBEARHIEIRI B2 R PRE S B e 2 21
Brotsh)a , Bl R 4 i 2 5 5 & R RRIR .
TERGE GBI PR 4% FF R AR (RS S
AR ARAE S BRI ] B4 i A, 3 5 ) E A T Y
AEORA LU , Ko AR 42 il o 1% i £ 2 2R Bk T
RE PID P S BN H B S 8 ol M R A
PUBIE 38 B 2215 5, A R0 I 3 55 % 1
HRGERER . D7 B IE 2R W  AE T R 4%
il R G, PB4 1l 28 8 i Sk Pk A AR
5 g 5 PR SR R 6 AP AR AR I AR 22
] 4 PR S B 2R G B A S A T DV

SE 3k :

[1] Kluk D J,Boulet M T, Trumper D L. A high-bandwidth,
high-precision, two-axis steering mirror with moving iron
actuator| J |. Mechatronics,2012,22 :257 —270.

[2] ZHANG Limin, GUO Jin. Simulative research on dual
X =Y axis control of fast steering mirror[ J]. Optics and
Precision Engineering,2005, 13 ( supp. ) ;142 — 147. (in
Chinese)

TREE G, F8EN. P U BT X - Y il ] 0 05 BT 5
[J]. 6% A TR ,2005,13 (44 7H)) 1142 - 147.

[3] LI Ying,GE Wenqi, WANG Shaobin, et al. Adaptive in-
verse control of stable platform[ J]. Optics and Precision
Engineering,2009,17(11) ;2744 —2749. (in Chinese)
A B AT, B, SF FE T B I B I8 N 5 A
[J]. 2 K TRE,2009,17 (11) ;2744 —2749.

[4] WU Qiongyan, WANG Qiang,PENG Qi, et al. Wide band-
width control of fast-steering mirror driven by voice coil
motor [ J ]. Opto-Electronic Engineering, 2004, 31 (8) ;
15 —18. (in Chinese)

[6]

(9]

i SE R[], e T/E,2004,31(8) : 15 - 18.
LIN Junlan. The study pf control technologies base on an-
alog circuits for fast steering mirror[ D ]. Chengdu ; Institu-
te of Optics and Electronics,CAS,2015. (in Chinese)
ARAR 22 ik TR0 Pl g% 1) DR S P S 8 42 i) B AR F 5
(D], #B : R RFE B R OR DS, 2015.

XU Xinxing, YANG Hongbo, WANG Bing, et al. Research
on key technology of fast-steering mirror[ J]. Laser & In-
frared 2013 ,43(10) ;1095 — 1102. (in Chinese)
BT e, 5%, 55, DR S 5 B 5 Bt R BT 5T
[J]. 8OE5£041,2013,43(10) :1095 - 1102.

DING Ke,HUANG Yongmei, MA Jiaguang, et al. Error a-
daptive feedforward composite control of fast-steering-mir-
ror[ J]. Chinese Journal of Lasers,2011,38(7):1 —6.
(in Chinese)

TR UK, S, A PR B R R 22 A R
A A Em L], T E#OE,2011,38(7) .1 -6.

QIU Chengqun, LIU Chenglin,SHEN Fahua, et al. Design
of automobile cruise control system based on Matlab and
fuzzy PID[ J]. Transactions of the Chinese Society of Ag-
ricultural Engineering ( Transactions of the CSAE) 2012,
28(6) :197 —202. (in Chinese)

PUBCHE XU BUbR, T 4, 5. JE T Matlab FIELR] PID
BRRGT R GEvcit [T]. £0lk TR 4, 2012,
28(6) :197 —202.

PENG Shuping, YU Hongjun, WANG Weiguo, et al. De-
sign of servo system for novel fast-steering mirror[ J]. In-
frared and Laser Engineering,2014,43(5) :1610 - 1615.
(in Chinese)

A, TULE, AR, A B R GE R B B A Ik &
e it [J]. 204 5 ok 1TFE, 2014, 43 (5)
1610 - 1615.



