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Abstract: In order to improve the control accuracy of large —aperture piezoelectric fast steering mirror
(FSM) in precision image stabilization system in space telescope, the compound control strategy
combining hysteresis feed forward compensation with the optimal PID control algorithm was adopted.
According to the problems that the reversibility of Prandtl—Ishlinskii (PI) model based on Play operator
was limited by the constraint condition and the estimation error accumulation of model parameters in the
inverse process, the PI inverse model based on the generalized Stop operator was proposed to compensate

the PZT hysteresis. The optimal PID closed loop controller was added in the control system for the
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problems of the inverse hysteresis model uncertainty and the poor anti—interference ability of direct feed

forward control. The adaptive differential evolution (ADE) was used to optimize the hysteresis inverse

model and PID controller parameters and the chaos search mechanism was introduced to improve the

performance of ADE. The experimental results show that, compared with the traditional analytic method

to obtain the inverse model, the hysteresis inverse model based on the Stop operator can better describe

the inverse hysteresis curve, and the fitting precision increases by 78.04% when fitting the hysteresis

curve with 1 Hz frequency; the tracking accuracy of compound control algorithm increases by 38.56%,

22.92% and 13.5% respectively compared with the direct feedforward control, in the real—-time tracking

for target swinging displacements of large—aperture piezoelectric fast steering mirror with 1 Hz,10 Hz and

20 Hz frequencies.
Key words: large —aperture piezoelectric FSM;

adaptive differential evolution;
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hysteresis compensation;

chaotic search mechanism;

generalized Stop operator;

compound control
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Fig.1 Driving structure of LAFSM
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Fig.2 Structure of resilient mounting micro displacement

amplification mechanism
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Distance Displacement Resonant
Parameter X
0-100 V/pm resolution/nm frequency/kHz
60 0.6 7.5
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Fig.3 Schematic diagram of compound control
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Fig.4 Flow chart of DE algorithm
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AD H SGS signal conditioning circuit
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(a) Structure block diagram of experimental system

(b) PR RS
(b) Building of actual experiment system

Fig.5 Experimental system
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Fig.6 Convergence curve of algorithms
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Tab.2 PI inverse model parameters based on

generalized Stop operator

Parameter Value Parameter Value
a 0.556 2 T 0.2950
b, 9.418 6e-15 p 0.1596
as 0.5755 c 0.340 5
b, 4.084 3 q 1.2918
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Fig.7 Fitting inverse hysteresis curve and actual

inverse hysteresis curve
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Fig.8 Closed and open loop tracking and error curve of

PZT target displacement with 1 Hz frequency
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Fig.9 Real-time tracking and error curve of FSM target

swinging displacement with different frequencies
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R 3 RNEEHR R IRIENG B IR BB RS E
Tab.3 Tracking precision of FSM target
swinging displacement with different

control strategies

Control strategy Frequency/Hz RMSE/pm RE
. 1 0.1629 1.7%
Direct
feedforward 10 0.080 7 0.8%
control
20 0.100 8 1.09%
1 0.100 1 1.08%
C d
ompoun 10 0.062 2 0.69%
control
20 0.087 2 0.9%
4 & it

B 23 0] R SCRIE M AR R RAE R DR R
DA BEAILAG A2 RS B2 52 1 r Bl 8 IR i A e PR 5% i)
PG O , 48— Fh B T HT 5 422 A1 CADE_PID (195
GETIRNE , SLIREE R, S50 PTEIALK fif
Mrai ik b, JF T X Stop BT P AR ¥ i 5
R s B 1 52 2% (A 300 SR A 2ok ARt B8 o5 1 R i AR A
ARORE R, TR A ML A% 22 43 A0 Bk T DU G
HHEFAR R S50, 1 Hz 386 3R W il e S5 38 iR i 25
7 0.031 6 V,AHXRZEHR 0.158% .,

JE T HY B AN FI CADE_PID 1y 4 4 44 il R4
R SemFERES 1,10 .20 Hz PUBEENLAY H AR 1Esh 7
%, A R ER I 7 MR 22 23 5128 0.100 1 pm(FH
iR 22K 1.08%).0.062 2 pm (FIXFiR2E 4 0.69%)
F10.087 2 pm(FHXT TR 2E K 0.9%) , BR RS JE H B 42
A 1k 2 3R T 38.56% .22.92% Al 13.5%
LIRSS REAIE T AR G B FRE T A
R AR B
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