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Abstract: In order to reduce the influence of atmospheric turbulence on the transmission performance of
free-space optical communication systems, an adaptive optical correction system is established to correct
high-order aberrations. The mixing efficiency, bit error rate, and iteration times of the system are studied.

First, the Zernike coefficient of the image is divided into 8 categories and 256 sub-categories, and the cate-
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gories of input spots are predicted by a CNN model. For each small class of aberrations, the midpoint of
the coefficient range of each order is taken as the standard point to form a standard Zernike coefficient vec-
tor, and its corresponding standard voltage is taken as the initial correction voltage. The experimental re-
sults show that the number of iterations required by the SPGD algorithm to achieve mixing efficiencies of
0.80, 0.85, and 0.9 1s 110, 161, and 280, respectively. To reach the same mixing efficiencies, the num-
ber of iterations required by the CNN-SPGD algorithm is 4, 37, and 141. For the same number of itera-
tions, the mixing efficiency of the CNN-SPGD algorithm in the system is higher and the bit error rate is
lower. Moreover, the CNN-SPGD algorithm has a faster aberration correction speed compared to the SP-

GD algorithm. The CNN-SPGD algorithm can considerably reduce the number of iterations required by

traditional adaptive optics systems and meet the various needs of laser communication.
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Fig. 7 Image sample of partial category spot
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Tab.3 Experimental hardware environment

CPU GPU
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=200, SER—RI%P FENGE BTN
A %L steps_per_epoch=80000/200=400 & , Il
S 1] LAl 5d 98 ] evaluate _generator PR KR
VEAL o UNZREE R 9 o . &ad 20500145 )5
I 25 85 19 HE 1 22 R 97. 62 %0, I 3K 4 19 M 1 R Ry
91.46%.
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Tab.4 Number of iterations required for the two algo-
rithms to make the mixing efficiency greater than

or equal to 0. 90

Number of iterations

Experiment
SPGD CNN-SPGD
1 233 23
2 155 36
3 224 26
4 128 43
5 215 26
6 248 30
7 148 36
8 194 23

P, Z B BB JE A Rk £E I &  CNN-
SPGD # 3k 5 SPGD B ik M He A s 4> T 2 40IK
B AR EROE AR B T T

KT ik 8 AE CNN-SPGD % s 78 A [ it
TR BE RO AR AT S 30 45 4 5 B A 5 55
T bn , MR AE Davis AN XA TR E AR =4
T o H i R A BER B 822 5 iR .

R5 AEHEREEHNBERTL

Tab.5 BER variation with different turbulence intensity

BER after cor-

Turbulence intensity Initial BER

rection
417 X 107 "m 9.5x10°* 4.5X10°°
6.63 X 10 “m*? 5.0 X 1077 6.8 10
3.24 X 10 ¥m 7.4X10°° 6.9x10°°

Sy BT 5 ATAL, AR AL IE B ) BER 5 i i 35
A O, i R FE SR, W) IR BER BRI 28
CNN-SPGD # ¥k W £ 1E J5 , BER AJ LR B = A~
B RGeS 24 IR T AL
A R

AR SCEE R SPGD B35 X R i Ui 1 1A 15
SR A R R AU 22 iy A e o A

f R AL, R T AR B8 O NG B A IE AL 42
7 CNN-SPGD 4k 75 i% o 1% 07 ik 1 i )il
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