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Abstract Due to the complex optical path, it is difficult to ensure the multi-optical axis consistency of the compound laser
communication system that includes functions of nutation, adaptive optics, and fine tracking when the environment
temperature changes, which leads to the drifts of wavefront correction benchmark and tracking zero position and seriously
affects the establishment of communication links. In order to solve the above problems, this paper designs an integrated
system, proposes a method for analyzing the multi-optical axis consistency of the complex optical path, and establishes an
error propagation model of multiple reflective mirrors. After calculation, it is found that when the environment
temperature ranges from 10 C to 30 “C, the coaxial errors between the fine tracking path and the communication path,
between the communication launching path and the communication receiving path, and between the fine tracking path and
the adaptive optics path are less than 143. 77 prad, 27.38 prad, and 131.66 prad, respectively. The 30 ‘C temperature
adjustment experiment is carried out in the laboratory, and the experimental results show that the error between the actual
and simulated deflection angles of the optical axis is less than 13%. Furthermore, a laser communication experiment (at
28 °C) with a linear distance of 1 km between buildings is carried out to realize stable communication.
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Table 1 Maximum value of mirror deformation

unit: mm
Mirror Maximum value

FSM of fine tracking subsystem 0.059
Reflector 1 0.029
FSM of AO subsystem 0.061
Turning reflector 0.071
Deformation mirror 0.063
Reflector 2 0.074
800 nm/1500 nm spectroscope 0.062
830 nm energy spectroscope 0.058
1550 nm/1530 nm spectroscope 0.068
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Table 2 Deflection angle of each mirror surface

unit: prad
Mirror Ox; Oy
FSM of fine tracking system (8y,/6y,) —32.36 26.19
Reflector 1 (0y,/0y,) 1.39 —30.82
FSM of AO system (0ys/0y3) —186.49 22.29
Turning reflector (0y,/0y.) —1.25 —8.12
Deformation mirror (9y:/0y:) —1.58 —17.35
Reflector 2 (Oys/6ys) —1.97 26.93
800 nm/1500 nm spectroscope (0x;/0y;) —1.28 —52.43
830 nm energy spectroscope (fys/0ys) —65.64 7.07
1550 nm/1530 nm spectroscope (Gyo/0y,) —2.75 —18.97
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Table 3 Values of A, Py;, and Py,

Mirror Ao /() Py Py,
FSM of fine tracking system (i=1) —90 (0,0,1) (0.707,0.707,0)
Reflector 1 (i =2) 90 (0,0,1) (—0.707,0.707,0)
FSM of AO system (i=3) —90 (0.707,0.707,0) (0,0,1)
Turning reflector (7 =4) —90 (0.707,0.707,0) (0,0,1)
Deformation mirror (i = 5) 160 (0,0,1) (0.174, — 0. 985,0)
Reflector 2 (i =6) 110 (0,0,1) (0.574, —0.819,0)
800 nm /1500 nm spectroscope (i = 7) 90 (0,0,1) (0.707, —0.707,0)
830 nm energy spectroscope (i =8) —90 (0,0,1) (0.707,0.707,0)
1550 nm/1530 nm spectroscope (i = 9) —90 (0,0,1) (—0.707, —0.707,0)
A & TGN A A 3.5 HHE—HERESH
Table 4 Deflection angle of each reflected optical axis WA 151 2 FF 7 A IR S B 53 1 S B 1 G il
Mirror mn n —BOME G 22 Ayr 1 800 nm/1500 nm 4368 830 nm B
FSM of fine tracking system (0%,/0%,) ~ —64.72  37.05 ﬁﬁ%ﬁ‘ﬁ%ﬁ%l@,ﬁ&ﬁ .
Reflector 1 (0%,/04,) —2.78 —43.55 N J(% +0%) (0 0) = 143.77 prad.
FSMofAO system (03/0%)  —263.71  44.58 E%%E%%%%%%~ﬁﬁﬁ%gﬁ
Turning reflector (0%,/04,) —1.84 16.24 1550 nm/1530 nm 43682 518 , A
Deformation mirror (0%:/04:) 3.16  32.59 Ag=J(0%) +(0%) =27.38 prad.  (15)
Reflector 2 (0%s/0%s) —3.94 —34.37 35 N FR G0 S NG IR S B ' Tl — B e 25
800 nm/1500 nm spectroscope (0%:/047) 2.56  74.09 Ay Hi 830 nm fEHE 5L B *i@ A
830 nm energy spectroscope (04s/04s)  —131.28 —10.04 Ay =(04) +(0) =131.66 prad.  (16)

oo MRAYE A L0 BT 25 8 A58 R Ok 30 “CHY L 4%
1550 nm/1530 nm spectroscope (xo/0vy) —5.50 26.82 S B SRR S (FL S T B A S R 4 | S il
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Table 5

Record of temperature and coordinate

Temperature /°C Coordinate 1

Coordinate 2

Coordinate 3 Average of coordinates 1-3

20 (432, —261) (426, —265) (421, —264) (426.33, —263.33)
24 (390, —239) (387, 55) (387, —245) (388.00, —246.33)
28 (369, —239) (364, —250) (366, —248) (366.33, —245.67)
30 (345, —240) (341, —243) (339, —245) (341.67, —242.67)

6 CHE N

Table 6 Offset of light spot
Temperature /°C My My
20 0 0
24 —38.33 17.00
28 —60. 00 17. 66
30 —84.66 20. 66

4.2 @EEZLIE
Sy it — 2 R G R ML RE  BEE 1 km H £ B
B T AL SR R AT A L . LR B A K 9 B

N, SR PRI 2 28 °C.

T It WU £ b o S 9 o8 7 s 22 2, (A B ot A
K R ER L, T I RS BRER , 4 XU Gl % v o Bl S T
XU ) T8 R 73 28 G 24T U i A9 82 I, JeeJim I IR X
WAFC S EA IR, LA E M BOCHE . SR Pl
R W RE B R B BR AR 25 K 1 OE B 23 & GE A IEZ8CR
FL10FTR .

LR R, R G TARIE R 85 R K
BREIR A DL K 38 I 73 28 G0 5 A TE A B0 44 6 A2 &R
GERRPREK

RT LA E A RX I

Table 7 Comparison of experiment results and simulation results

Direction Simulation deflection angle /prad Experimental deflection angle /prad Error /%
X —462.55 —423.30 9.27
Y 116. 59 103. 30 12.87
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