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Abstract In the space optical communication system, the laser transmission in the atmosphere is easily affected by
the turbulence effect, and the single-mode fiber with a minimal mode field radius is frequently used at the receiving
end for space optical coupling, resulting in a reduction in fiber coupling efficiency and a decrease in communication
system performance. To improve the fiber coupling efficiency of the receiving end, the stochastic parallel gradient
descent (SPGD) algorithm and the few-mode fiber coupling demultiplexing system are combined to compensate for
the wavefront phase distortion caused by the dynamic turbulence. The numerical simulation of the space optical
communication with the transmission distance of 5 km is achieved. The simulation results demonstrate that the
coupling efficiency of two-mode fiber is 0.5 dB— 1.5 dB greater than that of single-mode fiber without SPGD
algorithm correction under various turbulence intensity and wind speed circumstances. The relative standard
deviation is lowered by 0.03—0.4. After the SPGD algorithm correction, the coupling efficiency of two-mode fiber
is improved by 0.4 dB—2.2 dB compared with that of single-mode fiber. The relative standard deviation is reduced
by 0.1—0.2 under moderate and strong turbulence conditions. Consequently, using few-mode fiber for coupling in

space optical communications has a better coupling effect than using single-mode fiber, which improves the
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communication system’s stability.
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atmosphere turbulence
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Fig. 1 Simulation schematic of space optical communication system
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Fig. 2 Phase screens with different turbulence intensities. (a)—(d) Turbulence intensity is 2,4,8,16, respectively

1901001-3



£ 41 % £ 19 #1/2021 £ 10 B/eFE4R

Taylor i it 7R 25 IS 438 1 v Ui 14 I 1] 45 14
1731 1870 N S TN o N A i D T S R TN T
Ak TR I [R] A2 (8] ROBE | 38736 12 — 5 1 Ge e 1 L 78
AR Y TA] ¢, DA i YA 1) 25 () AR R O RU AL T R A
ARZS A 2 AU 1) WA b & A= A2 Ak BV 8] 3 A Y i
PR T S o N AT ST B Y e B e AR L S e U
(ELIE YN
(1) =@(z —vplgst —1y)s @b)
Ko ) RARBHTAAL; v, Fom Bl KB, 52
0 WL 45 2R WY 0l R i W R 245 M1 4% 1 1 1) R
R 10~20 ms"™, {f B oA RD 25 5 AL AR K
A AR L BEECH SRy 400 0 L R B 3 T 05 B
TR, BhAS U T A B ) AR — % LL Greenwood A

RO R AR 5 R RS T K 55 B 50
XL o E AN
f(;:O-427*’ 2)

Ay FoR K,

TE 20 25 T it U7 FL 3 AR v, B e H i B v vk A
— PR RSE A A7 Bt i AR O =X A5 )
400 Mg H A& A0 SCHE R /AN AL B KL 3 BT . v 3E X
Shy AT B TE] AL AR P i i 28 0 Y BRSO TR v X
I AN [6]) B /N AR AL e A BOIR 3R T B 47 B o PR AR R
[l 4 0. 00078 m.v B 0. 94.4.69.9. 38 m/s, Hi
(2) A3t B 15 B R B OXCEE R i s R X R Y
Greenwood #i &K 4. 79~383 Hz.

P 3 2 i A L5 07 Hw 7 A

Fig. 3 Simulation schematic of dynamic turbulence phase screen
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Fig. 4 Log-normal curve fitting of coupling efficiency of single-mode fiber under different turbulence intensities.

(a)—(d) Turbulence intensity is 2,4,8,16, respectively
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Fig. 5 SPGD iteration curve for static turbulence
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Fig. 6 Coupling efficiency curves of singleemode and two-mode fiber when there is no SPGD algorithm correction,

D/r,=2. (a)—(c) Wind speed is 0.94, 4.69, 9.38 m/s, respectively
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Fig. 9 Coupling efficiency curves of singleemode and two-mode fiber when there is no SPGD algorithm correction,
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(a)—(c) Wind speed is 0.94, 4.69, 9.38 m/s, respectively
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Fig. 12 Coupling efficiency curves of single-mode and two-mode fiber after correction by SPGD algorithm, when D/r,=8.

(a)—(c) Wind speed is 0.94, 4.69, 9.38 m/s, respectively
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