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Application of model reference adaptive sliding mode control to
forward compensation system in camera
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Abstract: In order to improve the flight resolution of a aerial camera, a new Model Reference Adaptive
Sliding Mode Control (MRAC-SMC) solution is presented. The model reference adaptive algorithm is
used to identify time-variant system parameters and modify switching function of sliding mode control-
ler,and the variable rate reaching law based on attenuation control is taken as the switching function of
SMC to quicken the convergence in system and reduce the chattering caused by switching. The experi-
ment results indicate that the velocity compensation error can be reduced by 60% and accordingly
flight resolution can be increased by 200% by MRAC-SMC compared with PID control. Therefore,
forward image motion compensation system based on MRAC-SMC can improve velocity tracking accu-
racy and robust performance and can overcome the effect of uncertain time-varying forces also.
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Fig. 1 Block diagram of forward image motion com-

pensation in reflecting mirror servo system

MRAC-SMC ¥ il J5 ¥ LA AH ML AT 9] 45 78 #b
PR G B R s i 4, AT SE R e T . SR
HARHLLL 28. 4 () /s fH IR, B CHLHE &t
Sy /N HE 0. 01 rad/s HOKHLI IR AT/ Y A0
W f P ¥ oy 2, 38 3 4008 R 48 R O 1k 15 3
I X RIS HCN J,=0.0072 V/ () « 577,
B,=0.11 V/(®*) « s~ il it Sy 2450 56015 5 R 45045



986 P o

K% T

515 &

RSt T, 5530 &8 B 2L
0.002 V/(%) » s77<(J<C0.012 V/(°) = s77,

0.06 V/(°) + s *<C{B<C0.11 V/(*) » s ',

B s iEdl =% J=17.,.B=B,,SMC ¥l 4%
SR c=20,ky=0. 6,k =20, W] 4 BEHE 155
r=0.2865sin 0. 49562(°), ¥ritZH A [{ i&E B
TR T I [ R B8 D R T L 4 i U] A [
2 i

@y N = 2|
Dol 13

: Bl

TinL b o e @) it [ e

B 2 5T MRAC-SMC Ry & 4845 il J5 5 5]
Fig. 2 Block diagram of MRAC-SMC control system

S5 T o ok MRAC-SMC #5475 3 i
JEA B PID 454 05 ik AT 505 . ot TR ™ A

§ 0.5 T . T . .
S v
> =
o
2 . ‘ . . .
0% 05 1 15 2 25 3
t/s
(a)PID
§ 0.1
5o
20
E _
2 ) ‘ . . .
0'10 0.5 1 1.5 2 2.5 3
t/s
(b) MPAC-SMC
E3 FRoiirzEM&RE
Fig.3 Chart of system error
S % 3k

M PR S T R L S B P S 1R B iR 2
e & 3 7w . o & () S A PID 45 41 55
RS R 22 2, B (D) i F MRAC-SMC #2
R A R 25 4R

FBLR 96 2% TDI CCD A g B A& I A4 L
W LI E] Ry 1/1000 s, MAHLAERE A 450 mm, X 52
5T R ISR 1 iR .

x1 HEGBIMERFEERERMERELER
Tab.1 Comparison of forward image motion

compensation with different controllers

HERE  FRBEE AT oHEER

P Oy ik
(m « rad/s) (pm) (Ip/mm)
PID 1. 4419 62.3 16
MRAC-SMC  0.5024 21.7 46

X B b R A 4 ] 5 A ORI 1)
R F 2 45 v T MRAC-SMC $5 il 75 v 1] LA
e TR 1R 2EREAIR 65, 120 X FEFRIE AT LUK AT
SrPERAR 2. 875 £FY . A k. MRAC-SMC 4%
7 R AN ERT A 0 HEA B B E AR
15 S HCEA R DL A7 RE DR 45 A5 5 0 3 BE B
B E [a] I 85 B S PERE

A SCER X AR HILHT 0] Fh £ R G AR T 32 A EB
T FECRAT /P PR TR ) A $2 10 T —
PR A 22 19 35 I A 4 1l O 1 fe ) S E A A
PRER S HRIRY 32 B R0 i 0 R 4 T S
SE R RAR LR R TR A& N R G S R
b, W5 B AS TR RE 5 B AR BE . G SR
WE SR H MRAC-SMC J5 ¥ 1T LA R0 i B A 4 b £
BRRE 1R 22, B2 = AH N Y RAT o R

[1] ROHRS, CHARLES E. How the paper ‘Robustness of model-reference adaptive control systems with unmodelled

dynamics’ misrepresents the results of rohrs and his coworkers[ J]. International Journal of Control, 1985, 41

(2):575-580.

[2] SIRA R H,LLANES S O. Adaptive dynamical sliding mode control via backstepping[ Cl. Proceeding of the 32nd
IEEE Conference on Decision and Control , 1993, 2. 1422-1427,
[3] BOLIVAR M R, ZINOBER A S 1, SIRA-RAMIREZ H. Dynamic adaptive sliding mode output tracking control of

a class of nonlinear systems[J]. International Journal of Robust and Nonlinear Control s 1997 ,7(4) :387-405.



55 6 401 X s S AR 22 VR R D 3 A I 1) R R A B o ) 1o 987

[4]

[6]

7]

(8]

(9]

(10]

[11]

[12]

(13]

[14]

YAN J J,HUNG M L,LIAO T L. Adaptive sliding mode control for synchronization of chaotic gyros with fully un-
known parameters[J]. Journal of Sound and Vibration ,2006,298:298-306.
YAU H T. Design of adaptive sliding mode controller for chaos synchronization with uncertainties[ J]. Chaos, So-
lutions and Fractals ,2004,22.341-347.
CHEN X K. Adaptive sliding mode control for discrete-time multi-input multi-output systems[J]. Automatica,
2006,42.427-435.
YAN J J,SHYU K K,LIN J SH. Adaptive variable structure control for uncertain chaotic systems containing dead-
zone nonlinearity[ J]. Chaos, Solutions and Fractals,2005,25:347-355.
X BB, kAT AR IRGE L RS BUBR AR IR AR G i — OB B B O N AR R ek L) s R = 5 m R, 2004,21(2)
239-241.
LIU Q, FENG SH T, ER L ]J. Novel adaptive sliding mode control scheme of high precision mechanical servo sys-
tem[J]. Control Theory & Application, 2004,21(2):239-241. (in Chinese)
ROPI, SHMW, JEONG S. Robust friction compensation for sub-micrometer positioning and tracking for a ball-
screw-driven slide system [J]. Precision Engineering , 2000, 24. 160-173.
XIAO Y H, ZHOU J G. The reaching law for variable structure control of discrete time system based on attenua-
ting control [J]. Control Theory and Applications, 2002, 19(3): 450-452.
#HEE. aEpEMIM] JuatFRIRE AL, 1999.
HAN Z J. Adaptive Control[ M]. Beijing: Tsinghua University Press, 1999. (in Chinese)
XL R R ELCEEMN,F S AR AME TR RNHT ] e M T A2,2004,12(4) - 30-34.
LIU M, WU H SH, KUANG H P, et al.. Method and application of image motion compensation in aerospace
cameral J|. Opt. Precision Eng., 2004, 12(4):30-34. (in Chinese)
k3 205 K T CHLS S A A2 A WL RS R TR0 ). 6% AF % 42.2006.14(3) : 490-494.
ZHAI L P,LIU M, XIU J H. Calculation of image motion velocity considering airplane gesture angle in oblique
aerial camera[ J]. Opt. Precision Eng., 2006,14(3): 490-494. (in Chinese)
R R F i B B M. TDLCCD 4 Bt s MIHLI R B AL IR 220 AT ). b5 5% T42,2003,11(6) :345-348.
WU H SH,PAN N,ZHAI L P. Image motion compensation error analysis for TDI CCD panoramic aerial camera
[J]. Opt. Precision Eng. . 2003,11(6): 345-348. (in Chinese)

EER A X A (1978—), 55 B 2 e I D~ B LB 0 BT 5 O 1o T 9 A 3 A L4800 v 388 6l M 42

HlH RWFFE . E-mail: bluedrops-78@163. com



