§30 4% 45 23 e M TR Vol.30 No.23
2022 4 12 H Optics and Precision Engineering Dec. 2022

XEHS 1004-924X(2022)23-3081-09

E %Eﬁ'l?%if:)i%‘f% \ﬁﬁﬁt)'lf"ﬂ'l%l‘f'“

AA9", BRE, gA, HikE', 2 B!
(1. PERFR KELFHENMEWER B, F 4K K& 130033;
2. PEAFR A¥,LE 100049)

FE O 1A T e P R B O R G R B A H bR R R AR X 1R i AR M R A e Y S ) B HCRMEE T vk
T T W98, B4, 5T Prandt-Ishlinskii (P-D A A, ¢ 37 P-TR RS 5 F [ 4 J7 A2 B3 (Auto-regressive Exogenous Model,
ARX) G RY R IR 1Y) 2R AH SR AT AN o SRS 42 1 T 36T P-TIY B A G B G4 il e S vk . Jem 38 T2 TR K
PR S HBE 19 S B0 L % A B R A R SN HEAT T RE A PR, e T R R It T A A A ] B AR T 8 R A
JEX B A BARERER RGN LALAE ] o SCO0 85 SR 2B 3L T P-110 S A SRS ) T 8l H AR BRER R 40, R & A F i 4
AL, ZhAS H bR IR ER R G0 i 22 A SE 82 85 T 26 Haz, A 30 & T 3l HARBRER R A ny i 22 T 5E 77 .

*x 8 W EEME;RRRHE; RS LA BAARE P IR 44

RESES TP273  XHKARIRA:A  doi:10. 37188/0OPE. 20223023. 3081

Compensation of hysteresis effect of piezoelectric
fast steering mirror in dynamic target tracking of

ground-based large aperture telescope system

LIU Yongkai', LU Furui'?, GAO Shijie', DENG Yongting', WU Hao'

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)
* Corresponding author, E-mail: liuyk@ciomp. ac. cn

Abstract: To improve the dynamic target tracking performance of optical systems based on piezoelectric
fast mirrors, the effect of hysteresis nonlinearity and the corresponding compensation methods are investi-
gated in this study. First, based on the Prandtl - Ishlinskii (P-I) model, a rate dependent hysteresis model
in series with the P-I model and the auto regressive empirical model is established. Then, a rate dependent
model compound control compensation algorithm based on P-I is proposed. Finally, an experimental plat-
form using a piezoelectric fast mirror is built to identify the hysteresis effect of piezoelectric ceramics, and a

feedforward controller is designed based on its inverse model. Simultaneously, the optimization effect of
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the hysteresis compensation method on the dynamic target tracking system is verified. The experimental

results show that the rate dependent model based on P-I is suitable for moving target tracking systems.

When the compound control compensation algorithm is applied, the error suppression bandwidth of the dy-

namic target tracking system is increased by 26 Hz. Thus, the error suppression capability of the dynamic

target tracking system is effectively improved.

Key words: piezoelectric ceramic; fast steering mirror; hysteresis effect; compound control; target track-

ing; P-I model; rate dependent
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Fig. 3 P-I model simulates hysteresis characteristics

2R JE TR A AR R A 5 PR PEA
14 3R s A P S SR A S 1Y AR R AN AN Z A5 5 R
H A, 255 R . X T B AR 22k
BRI B 250 B bR R EE RS, H 2
SR I 4 A5 5 A R R AR A TR, A s B
TE MG EE Al b S — > 5 A S A DG Y B
IR AR
2.3 ETFPINERMBXER

T g ST H R S S A 1 A DA
A% 3R Hammerstein 45 £ 1 25 4 42 M P-1A
W55 E 25 2k M ARX RS R ER IRE | L5 4 40 8] 4 B
Ro B u RN AME S 2 FRon A F T &t
P-TRE AL (R 85 5,y W E 5 .

u P-1 X ARX Yy
model model

4 ARG P-IRAL S5 1

Fig.4 Structure of rate-dependent P-I model

ARX B A F 3k 20h
A(z™)
G() — B 4
(2) B (4)

Hor:B(z " )=bot bz '+ by et by,
A(zfl)z avtaz 't az P Fanz ™

[A1 5 Sy T P-T ) 5 A XA 2L 75 i A AH ] 0
f, ARV AS ST i R i 2k . %l & 5
e BR PEA 75 A [7) iy AR A5 5 T (19 38 i i 2k 4
(], Fh AT UL B P-THY A AR SC AR AL 5 5 PR PEA

_15[’ L " L
-10 -5 0 5 10
Input/V

FE5  AN[Rl AAUER (¥ 23240 56 P-TRE 2L i i

Fig. 5 Rate-dependent P-I model output at different input

frequencies
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