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Wavefront correction method based on wavefront prediction model
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Abstract: Aiming at the problem of time delay between wavefront sensor and wavefront correction in adaptive optics, a
wavefront real-time correction method based on wavefront prediction model for adaptive optics is proposed. The wavefront
prediction model consists of two parallel branches, in the first branch, the difference wavefront sequence is computed based
on wavefront time sequence to generate the temporal dynamic evolutionary information of the atmospheric turbulence, and it
is delivered to long short term memory network to extract the dynamic features of atmospheric turbulence evolution. In the
second branch, the wavefront time sequence is delivered to the enhanced Transformer encoder to extract the temporal depen-
dency of the time sequence, and a multi-scale convolutional neural layer is introduced to extract the spatial features of each
wavefront Zernike coefficient, to generate features including temporal and spatial information of the aberration wavefronts.
Finally, the dynamic features most relevant to current wavefront prediction are selected from the features come from the first
branch by using of cross-attention mechanism, and the future wavefront are predicted based on the information with combina-
tion of dynamic features and Transformer encoded features. Simulation results show that under the conditions of strong, mod-
erate and weak turbulent atmospheric, the root mean square error of the proposed wavefront prediction model decreases by
43.8%, 43.9% and 57.9% respectively compared to the second-best method.
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WEPM [ RMS 43 5l tb LSTM., AtLSTM A
Transformer W 7> 71.5% . 43.9% M1 59.4% ; £ &
i F ., WFPM 8 RMS 4 % It LSTM. AtL-
STM #1 Transformer ¥ /> 55.4% . 47.9% Hi
43.8% .



%2 8

BEF, 5%

R T U T T AR 2 A AL AE T

*2 AT B EE AL PERE

3 A IA T RS AR

Tyt H o FL TR ¥ RMS/rad | #5#E Ml 25 STD/rad Tji H 5 Fi 7 ¥ i RMS/rad | A5 i 25 STD/rad

LSTM 0.1812 0.0328 WFPM1 0.1032 0.0117
) AtLSTM 0.1195 0.0158 . WFPM2 0.0803 0.0098

559 i it 555 i 7t
Transformer 0.1391 0.0177 WFPM3 0.0829 0.0095
WFPM 0.0503 0.0058 WFPM 0.0503 0.0058
LSTM 0.3315 0.0647 WFPM1 0.1547 0.0175
o AtLSTM 0.1682 0.0376 o WFPM2 0.1232 0.0144

o it I - wh i I
Transformer 0.2324 0.0546 WFPM3 0.1148 0.0129
WFPM 0.0944 0.0097 WFPM 0.0944 0.0097
LSTM 0.3392 0.0324 WFPM1 0.2389 0.0270
o AtLSTM 0.2901 0.0215 _— WFPM2 0.2166 0.0243

SR it I SRt L
Transformer 0.2689 0.0206 WFPM3 0.1978 0.0224
WFPM 0.1512 0.0185 WFPM 0.1512 0.0185

3.5 HELOMR .
4 & it

Ry B UE W PM A 25 A5 B 1) A 24Pk, % i
FIH Ao B o T Rl A AL & DL AR AR BIARL . A
WEFPM 11 # B LSTM 43 32 Fl 4 Jmy ¢ AiF il 5 BB,
A Bk 4 WEPM1; fi H J& Transformer ¥ #t WFPM
%) 39 58 Transformer, i Bk WEPM2; {# FH 5
it Bf £z % e WFPM (W 4 & mil & B8, @& K
WEPM3, JIr A7 28 (4455 78 34 41 FH AR T3] 174 Y1 254 5 00
R

F 3 TR N 45 BRI AL o M 2 R .
WFPM1 5 WEPM X} LL A F i, 7255 . o 58
Wi F, WFPM [y RMS 43 Jil tb WFPMI1 B& K T
51.3% . 39.0% 5 36.7% . X # W Kk WFPM
B LSTM 4 %4 S RMS FH i, AT LSTM BEHi
PR A i it 1 3 A AL AE S, BB RE A RO K
AT U Y 3 2 AR L B T T ORS SR, 5 ) 4 iR A
B Bl A& KRBT R AE YRR ) M ok B, R
WFPM2 5 WEPM XJ LU AT E i, 755 . o5 5% i
Wi T, WEFPM ) RMS 43 ] [k WFPM2 [ ik T
37.4% . 23.4% 5 30.2% . X # B {f A Trans-
former B9 A 15 W 45 B e WEPM I Z R E B ZE &
ok AP ASE 80 gl 2 S U A A IR Zernike 5 50 &
235 ()RR AR A BE 7, DA 3 SOOI BE T R L M
WEPM3 5 WEPM Xf tL il &, 7E55 . 5 iR i
Wi T, WFPM [ RMS 43l tlb WEPM3 [ ik T
39.3% . 17.8% 5 23.6% . ixX 3R WIfi F R AE DF 42 5%
e WEPM 1) 42 J5 il 6 A5 He 2 B (IR ) A 28 il 5
fE 23k I 5 50 ), FCIE RAE T 22 43 w4
MIRRIERESS , Sy i %, L LSTM #2 B
it BN A ALAS B RSB Z M, PR
BN ERARRGIAME Gl 28 X AL
AT 22 43 5 AT P 0 R AIE v 8l 245 0 3 5 Y R R
DR DGR A5 2, 08l WS Y iAo

T B I O A v A R A AT
1E 22 (6] B4 [ A IR A2 ) AT, i 0 R T 0 I A
BR3P R R IR 5 ¥ o T i D i 0 A
UL ST b 1S | RSB e = i a1 e 1 I D
LSTM $2 U iy i 72 14 3l 25 S AL FR AR, DT 42
A XoF Bl 285 KA U 1Y H 3& N BE ) o fdE ] Trans-
former 2 fith #5% 2 U R 5 471 Fh 45 017 ot 2 ] A9 1 7
WG R, IRl T 22 RUBE 4 B2 8 i JHG o 1 i
Al Zernike Z s BAFAE M RE 11 . RIS SR E T
BN Bl 25 8 AE o [ 3 N b 57 K 520 T DR S
BA KRS AR, IS Transformer 4 % F5 1 3
fra R G o AR SCTr 2 S B T R E 1Y I8 T P
AE ., R R ST | OG5 R GRS R A5 SR B
H 3 G R R AR .

G T A S A 1R IR T T R 25 I, EAR A
M55 SRR — I E 2 H R TAE. R
K ) FH A #% 2 ~F HOR B IR B A I 2 A, il
Oy sl 3l T AN [l 37 50 R Y i A0 AE g5, ik
— AR TS
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