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Open-loop control of unimorph piezoelectric deformable mirror
based on PI hysteresis model
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Abstract: Nonlinear piezoelectric hysteresis reduces the open-loop control precision and closed-loop operation bandwidth of the
piezoelectric deformable mirror (DM ) , which limits its applications in adaptive optics (AO) system. In order to overcome the hysteresis
influence of the piezoelectric deformable mirror, the PI hysteresis model was adopted to describe the nonlinear hysteresis behavior of a
unimorph piezoelectric deformable mirror and achieve the high precision open-loop control of the unimorph piezoelectric deformable
mirror. Firstly, the mathematical model of PI hysteresis was established. The least square method was used to identify the weight value
of the PI hysteresis model. The weight value and threshold value of the Pl inverse model were calculated. The control voltage of the
unimorph piezoelectric deformable mirror after hysteresis elimination was obtained. Then, an adaptive optical test platform based on
Hartmann wavefront sensor was built. The open-loop control experiment of the defocus wavefront using a ring actuator of the unimorph
piezoelectric deformable mirror was carried out. The experiment results show that the voltage-deformation hysteresis of the unimorph
piezoelectric deformable mirror is reduced from 9.3% to 1.2% after hysteresis elimination. The open-loop reconstruction accuracy of the
defocus wavefront is improved by more than 70% , which proves that the proposed PI hysteresis model can be effectively applied in the
open-loop control of the unimorph piezoelectric deformable mirror.
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Fig.2  Unimorph piezoelectric deformable mirror
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Fig.3 AO experimental test system
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Fig.4 Zernike coefficient expansion of the reconstructed

defocus wavefront for the ring actuator (the inset is

the 3D profile of the reconstructed wavefront)

4 ER5EFHILE

4.1 TRERGEE

BT R A TR B IR Bl i 1038 i AT T B
FRIUE AR TE 53 0 30 3h 25 19 il IR T8 i 48, F F PI
RIS EOER . B X SC e i S i 7 BT R L R
BRI B2t i 0 ~ 20 V- = F1 W% T8 =X 110 38 it v
6T P U8 SRR I S LAY . (EAR S S, 2 AT AR
AR I R 2252, 2R DY PV (SR R4 B, Bk 3l
M 20 nm £ AT TR AT Zernike 55 £E T R EFR IR
B, Bk 3t /N T 2 nm, BR F EAY P Y Zernike 25 £E 0
FELL PV E A B B s e v DR e B AR T R
HREFEAL B SRFEA I . SRR I8 Al 2 an
B 5 [, HU B TR T AR T B 2R 1 B AT, FUE T B
i L AR T AR R B e R I R e, d5 R I i s L TE
11 V4,252 37.5 nm, d§ SARTE 819 9. 3% o #ESEPR7AR
TEEEH i 8 5 A R AR T — R R 4, [
SN LN S S e 5 S NS s o W e RN DA
Pl v, R AR T B B, 3T 10% 11938 T 1 AR
BE R TRIE 45 RS FE R AIG h WRRM I R 5 DS B o

A, PR B 8l O 5 222 20 R R AR 25 M50 DR Al A R P T s R 1Y)
Pl iR 22 , SR BE P (R 2 U AU B A E MDA
ARG LA LR TR, 29 T AR BRI o

KIS PRI RS9 I8 i il £k

Fig.5 The actually measured hysteresis curve of

the ring actuator

R0 (4) AT, A AT PTAR A A R R M He i, B
HRMWATHHNEZ 2R EBZ R, Irid, 7E0R
IEREARS SO0 T, 3R s S B, 53 1 Hi /b i
U TR S B T RO B, R A3 S R
2 ~ 15 AR FT I A 1) A8 i ot £ g )N e 1 fRE T %
PUB AR BRI S w, o 1] 6 (a) AN A3 750 i 5
TN 5 R RUE 2 8] (1 P 2R 22 , 48 L, M3 ROt 9
Je BRI R 22 IS/ N AR E , AU, SO 05 T4k
9 HEATHER, ST R 9 IR R 7R e Lt AR 11
EAAEMR 1 iR, B 6(b) N80 9 iR i
H55 S R il A A O, TR A RE S AR 4
PRI TG UG IR ZEDTE -6.7 ~ +3.4 nm,
FHIRZEN 1.2 nm, fy T PR 72 R i Il £k, 5%
FROGFAT UL , T D045 %) s v A2 T 08 i - T il 2k
ANGERRIFR, P BRI e R S IR A, R
1RZEH 6.7 nm,




140 & I £ ¥

38 %

K6 RHFHEBSL

Fig.6  Hysteresis modeling and optimization
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Table 1 The parameters of the PI model and its

inverse model

i r; w,(1x107%) 7/, (1x107?%) w';

1 0 16.8 0 59.5

2 2.4 2.5 40.3 -7.6
3 4.8 0.7 86.6 -1.8
4 7.2 1.8 134.5 -4.1
5 9.6 -2.9 186.7 7.1

6 12.0 1.9 231.9 -4.8
7 14.4 0.2 281.6 -0.4
8 16.8 1.0 331.8 -2.2
9 19.2 10.1 384.3 -14.3
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Fig.7 Defocus wavefront open-loop reconstruction

when the amplitude is a standard triangular wave
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Fig.8 Defocus wavefront open-loop reconstruction when

the amplitude is a triangular wave with variable amplitude
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Fig.9 Defocus wavefront open-loop reconstruction

for random amplitude
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