£53%& F11M ot 5 a st Vol. 53, No. 11
2023 4E 11 f LASER & INFRARED November,2023

XE4HS:1001-5078(2023) 11-1764-07 - REEH A
I A L ) 728 T8 SUSOR 42 ) v

gﬁﬂ:}?’,]@ﬁ j&a}%ﬁﬁ,%ﬁ%ﬂ%aé%{%
(Bt TR i A LR, Wl Ll 063210)

i B ENOEFREBCR W AW PID KM TR G e AR v MRS Z 35
B B e Ar R RN A Ao X ] AR ) — AR R KOO T B e AR A B R 9 R 1
TE R EMEA TR KEFNETNAEZSREREZLSREA LB EM
TR B BN, AR B ST B R, SR E N FIH Matlab 347
BB ER TR G REMEH T ERTANERFTE, RAREZRERKNA, L
WRTERERRAREL T EREMBER TR, FAAZNRTREGCE N, BHERS
M hd  AEMEHENEREERA IR LI BEMERN BN AELEAT, AN H
Bl E i, RRHBEMER T EERLARNEEE BRI AR REENFAN, ARS8 H
B MR TR T 20 B R xR G v AR A B R AR, R T RIE AR, A T AT AR
I H AL

KEEIA : B O AT IE 5 Y 55 5 72 90 3 5 4 4

FE 43S TH74;TP391. 41 SCEkFRIRAD : A DOI :10.3969/j. issn. 1001-5078.2023. 11. 021

Variable domain fuzzy control method for wavefront correction

ZHANG Yi-rui,CHEN Bo,ZHOU Yi-lin,JIA Jing-jing, LI Zhao-yi
(College of Electrical Engineering,North China University of Science and Technology , Tangshan 063210, China)

Abstract: The PID control commonly used in adaptive optical correction technology depends on the response model of
the deformable mirror,which is susceptible to disturbance , making the calibration process more complex. To address
this problem,a fuzzy control method based on variable domain is proposed which does not depend on the response
model of the deformable mirror. The residual parameters of the wavefront evaluation index extracted from the Hartmann
reconstructed wave front and the residual difference parameters are taken as the input of the fuzzy controller in varia-
ble domain,and the proportional integral and differential parameters of the output are self-tuned to realize the adaptive
control. Matlab is used to compare the variable domain fuzzy control method with the traditional fuzzy control method.
The experimental results of wavefront correction show that the wavefront data corrected by the variable domain method
is better than that of the traditional fuzzy control method,and the root-mean-square value of the wavefront residual is
also smaller. In the controller system performance experiments,the overshoot of the traditional fuzzy controller is lar-
ger, while the overshoot of the variable domain fuzzy controller is almost zero,and the adjustment time is shorter. The

variable domain fuzzy control method not only guarantees the robustness of the system and improves the rapidity of the
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system, while utilizing the characteristics of parameter self-tuning to overcome the unfavorable effects of disturbance

factors on the response model of the deformed mirror, and improves the correction efficiency, which is more practical

for the wavefront correction.

Keywords : adaptive optics; wavefront correction ; deformable mirror ;variable domain ;fuzzy control
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Fig. 1 Variable domain fuzzy control model with wavefront correction
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Fig. 2 Variable theory domain fuzzy control rule change diagram
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Fig. 3 The wavefront correction results of two algorithms
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Tab. 4 Wavefront correction result evaluation index

The wavefront correction results Dypy/Wiys

4.8681/0. 6751

Original wavefront

Wavefront reconstructed by H — S 4.9211/0. 670

Residual wavefront error 0.1341/0. 031X

Fuzzy control wavefront correction 4.5101/0. 6851

Feedback compensates for aberration of fuzzy control |2. 0371/0. 157

1.6841/0.232A

Variable domain fuzzy control wavefront correction

Feedback compensates for aberration of variable do- 3. 712000, 455

main fuzzy control
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Tab. 5 Performance comparison of two controllers
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