(2958124 - 00

INFRARED AND LASER ENGINEERING

2 (PRI AR AL IE AP A T0)R & SNSPCDRTE
BRE BHE ZER B R TRORER
Meta-heuristic SPGD algorithm in spatial light wavefront distortion correction

Zhao Hui, Lv Diankai, An Jing, Kuang Kaida, Yu Mengjie, Zhang Tianqi

TELR I View online: https://doi.org/10.3788/IRLA20210759

BT BRI H A S T

Articles you may be interested in

PABESCHR Y A 3 RO AT E RO IE . (Fei )
Progress in adaptive optics wavefront correction technology of vortex beam (Invited)

LIANSGIOE T RE. 2021, 50(9): 20210428  https://doi.org/10.3788/IRLA20210428
TG B 38 R OG2E IR E AR

Adaptive optics wavefront correction techniques of vortex beams

LIANSEOE TR 2017, 46(2): 201001  https:/doi.org/10.3788/IRLA201746.0201001

F 38 W 3 75 I SPG DAL
SPGD algorithm with adaptive gain
LIANSIOE T RE. 2020, 49(10): 20200274 hitps:/doi.org/10.3788/TRLA20200274

BT FESIHOL SRR FE RO P AR IR R

Numerical simulation of array laser guide star based adaptive optics wavefront sensing
LTINS TR 2018, 47(11): 1111003 hitps://doi.org/10.3788/IRLA201847.1111003
TN rh LT IR B A AR 2 I 28 D' e AR R E R

Aberration correction for flow velocity measurements using deep convolutional neural networks
LIHNS O TRE. 2020, 49(10): 20200267  https://doi.org/10.3788/IRLA20200267
LY I S T AR (S TR EE 2 2] Tk

Method of inverting wavefront phase from far—field spot based on deep learning

LTHM SO TR, 2021, 50(8): 20200363 https://doi.org/10.3788/IRLA20200363



%5155 70 b Sk AR 202247 A

Vol.51 No.7 Infrared and Laser Engineering Jul. 2022
= [E K BT ERIEF R ITTE Z X SPGD Hik

ARV, Bl & #H R, A ERFY KRR

(1. ERipd K5 @12 5428 125 %, £/K 400065;
QIS EREABERTELEZERST, FIK 400065)

?ﬁﬁ E: H T REHERMAGTATHE T % (Stochastic Parallel Gradient Descent, SPGD) %l &% &
% H A ) TN By SRARAR GG 1B AL, 42 ﬂ T —# T B & XA 47 4 E T B (Meta-Heuristic SPGD,
MHSPGD);QT—)%O Z S k¥ SPGD kA LB A XA H 0T X 5K & WF %4, 58+ A SPGD F %
T A R A B R 30 AR AR, 2R B HAT AR AL & A7 3 By 3 AR K B0 b T e SRR R, 8 S AT A
fRMEAE AR AR O L ECR A T AT R RA S . AN RCREN AE BT &, Z AR5 LN B3 ARE
FRERMT AR RN, RN, A TBLEELN &, 25 TRICARTIERTEF F L0 REM
f, BT RIEAIRMNE AE N RF RABA 15 FPTIRFE AR B SRR T ok aTer T84T 745
AR E, 43 R F) Zernike B39 B 2 34T T8 L2 3. & =A% 3% T, MHSPGD H i AT sk
) 849 A7 4% 71 /R 1t (Strehl Ratio, SR) 2 A1 A 0.7621,0.6554,0.3749, /8 T SPGD A % 4 Al # 7+ 7
0.1%.2% #= 18.6%. I, Bwr & F & A4 % [ mait, P AR H R A8 A% 489 SPGD ik,
SROK L] 0.6 FTE 69 kR KB Y T 49 47%, B SR WA FRAAALIZI T 29 9.4%, 4R AW 5 =4
FIRMACH R A, MHSPGD 1R B4 Mol S0 JE 09 B BT, AB 5 JE & AP i A 7% 2 T iR ) B 35 69 0K St
R, A 2 ik T Fik 04 By SRR AR
KEWE: AE RS, RAUWERE; MAIGHITHETERLER;, TBAXEE
FEDHES: TN929.12 NEkFRSRE: A DOI: 10.3788/IRLA20210759

Meta-heuristic SPGD algorithm in spatial light

wavefront distortion correction
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Abstract: To improve the problem of slow convergence speed and ease of falling into the local extreme value of
the traditional stochastic parallel gradient descent (SPGD) algorithm, a meta-heuristic SPGD (MHSPGD)
algorithm is proposed. The proposed algorithm combines the exploration and exploitation of the metaheuristic
algorithm with the SPGD algorithm. First, the gradient descent search of the SPGD algorithm is used to obtain the
local optimal solution, and then the neighborhood search is carried out to obtain the possible optimal solution
outside the local optimal region. The new starting point of iteration is determined by comparing the performance

indexes of all solutions. With the adaptive expansion of the search range, the algorithm can avoid falling into the
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local extremum and tends to converge to the global optimum. At the same time, to avoid repeated searches, a
memory table is established to save the suboptimal solution generated in the iterative process. The model of the
wavefront sensor-less adaptive optics system was established, and the proposed algorithm was used to correct the
wavefront distortion under different turbulence intensities. A simulation of distortions under different Zernike
orders was also carried out. Under three turbulence intensities, the Strehl ratios (SR) of the MHSPGD algorithm
are 0.7621, 0.6554 and 0.3749, which are 0.1%, 2% and 18.6% higher than those of the SPGD algorithm. In
addition, when the distortion contains more high-order components, compared with the traditional SPGD
algorithm, the number of iterations required for SR convergence to 0.6 is reduced by approximately 47%, and the
limit value of SR convergence is increased by approximately 9.4% for the proposed algorithm. The results show
that compared with the three main optimization algorithms, MHSPGD can achieve a higher convergence limit

under various turbulence intensities while maintaining a faster convergence rate, which means it effectively solves

the problem of local convergence.
Key words: adaptive optics;

algorithm;  meta-heuristic algorithm
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Fig.1 Schematic diagram of WFS-less AO system
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Fig.2 Actuators location of 36-element deformable mirror
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Fig.5 Comparison of wavefront phase and farfield image correction
effect between MHSPGD algorithm and SPGD algorithm.
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XL AnIEl 6(a) 7R, i i o BE Ry 5 B, &5k
e BT 1 SRELAH 25 AN, 3 15 BH 45 P B 125 AT 6
W i 3t A% 1 T B e A B B A TE AR . EA
SR ik B 0.6 I 2% 5 vk e il (9 & AR B T LA
MHSPGD 5 i 1) Wi S4B AL T H A 50k o k4t
ASPGD FETEEAG 14 1 0 SR FREM LA, 1 H
b B B AT PE B o TE] 6(b) BT oA 24 i I 5
8 i, MHSPGD. ASPGD, MSPGD %7 it i 1k 21| ) e
K SR M2 A K, Hirf MHSPGD Fl MSPGD 5732 fig f#
Frsse iU S, 1 ASPGD 433 U 45 B SR
FEME L. 5 SPGD ik AH L, MHSPGD Bk e fiFF
PR S T 1 ) I 3 B B S MU, IR 6(c)
JIE 7R, i L 3 EE S 10 B, 2% ACHT I MHSPGD #1k
A% 1F 3 BE WA T APSGD %445 F1 SPGD 52.9%, {H /&
e TR B SO B fe s o 4T, ASPGD B3 Ji5 1
1545 H B SME PR35 1) IR 4, SPGDAA % 1 e & L84
AR T HABS B, 25 |, MHSPGDAE HE 7E U5 S0 i
IR T ASPGD 32 (18 L T 38 B 1 S5 e B WS 1AL
HABIRFFU SRR E

F VA T 25 R SR T A T RS
WA SRAA . 7] UL, SCHP 42 i i) MHSPGD Sk 7E & Fh
fif it 2% A HB e A8 B B s 1Y SR, L HZTED/r 53 5
8 H10 B i i AR T ARSI R . 4 D/rh
10 H, MHSPGD 5 2 fe Z W S i) SR AH L T 15 40
SPGD BHIE M #ETE T 18.6%, X i ] MHSPGD .74 ik
AR SPGD 551575 5 A A J) B AR AL A R

®1 AEImiREE T &EERN SR EXTLE
Tab.1 Comparison of SR value for each algorithm

under different turbulence intensities

D/ry Initial SR SPGD MHSPGD ASPGD MSPGD

5 0.0879 0.7614 0.7621 0.7011 0.7607
8 0.0835 0.6386 0.6554 0.6107 0.6545
10 0.0033 0.3161 0.3749 0.3516 0.3684

W 2 FioR, R EIETE A R n R BE T 191t
SEIFIE], HHER 2 ATAL YR B 5 I BR T MSPGD
SR, A A B B B T A 2 R T > i I 5 B
8 i}, MHSPGD %5 AH Xt T SPGD BiA AL 3% T 2 K4

20 s (315, {E & 6(b) BT 21 SSOa IRt B2 v
T, X AT g2 i T MHSPGD 546 2% T H £ 11
INFI) 25 T4 4 Sy B A ST iR > 10 B, MHSPGD
JITAE 2% (I 6] R 2 [ SPGD #1:4 42 s, {EATSR DT
MSPGD #5-:H1 ASPGD 55, iX [F]FE /& H1 T MHSPGD
SRV 1) Jy 0 e O DX 3B s AL T BT Al Sk 1 A i
i, {H 25 1 3 d 2 W SO BR A B 7, S RE AN 2 1E
151

R 2 AEIGIREE T & E AT ER BT
Tab.2 Comparison of computation time for each

algorithm under different turbulence intensities

D/ry SPGD/s MHSPGD/s ASPGD/s MSPGD/s
5 211.91 210.37 214.49 282.19
8 243.46 262.03 325.96 304.95
10 207.40 249.95 363.15 293.54

3.4 65 B Zernike LT EIIGE

AN TR B E5 1 Zernike 22 30 5 34 145 22 B A
] o FIZS B2 AR UG AR 22 vh i 16 2 L R
BB BIE L BRIBAR 2255, T B o0 W2 4 D
BIEM A SR, 35 Y34 Zernike FYECRE 2 i
T UE B BE, (BB il 2 SR E
FIRTE, BN A BOR R KT R, X THIE S8R
SR CF He . BRI, SO R Zernike BYACH 65,
D/rohy 5 BB BLAS ok LB IR TE A S R 2 E B
BN BIRERCR .

W& 7(a) 7R, 24 Zernike By 5 65 W, AH 7] i
WA, 4 SPGD B4 1 J5 A I8 i A 137 AH 42
MHSPGD 5 2 K B A5 98 A B 2 1 Ak PR 43, B4
PRYHORERSZ . N 7(b) AT LA Y, T I siGa i
U S BR, MHSPGD Sk #2241 F SPGD ik .
AR B 5 1, £ 35 F] SR N 0.6 B} SPGD - 32:
2y 148 Y%A, iii MHSPGD B3k R 2 78 Wikt ik
SAM BRJ7 T, SPGD 525 2 AUA5 S 1Y SR 2 0.649 5,
1M MHSPGD %34 0.7105,

A UL, 20 e AR o R 22 R B 4 B, MHSPGD
AR E SR AL T SPGD B3k, X i H] MHSPGD
BT T R B R 22 B E RE 138 T SPGD 5%
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