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Abstract In the servomechanism control of laser communication optical transceivers, the equivalent compound control
technology based on speed and acceleration lag compensation greatly improves the tracking as well as aiming accuracy of
the optical transceiver while having little impact on the system stability. First, this study establishes the two-way tracking
and aiming model for the satellite laser communication terminal, and thereafter analyzes the source of working disturbance
on the optical terminal leading to solve the equivalent sinusoidal signal of motion and disturbance. Based on the double-
loop closed-loop control of speed and position, the study of equivalent compound control technology is carried out.
Through the variance-based sensitivity analysis of control parameters, the optimal design of speed and acceleration lag
compensation parameters is completed. Finally, a motion simulation experiment is performed indoors for simulation
analysis and experimental verification. The results show that after adopting the equivalent compound control, the tracking
accuracy is 56. 8 prad in the state of double-end motion and the accuracy error is reduced by 80.06%. This suggests that
the equivalent compound control technology can greatly improve the dynamic tracking accuracy of rough tracking of the
optical transceiver.

Key words optical communication; satellite laser communication; equivalent compound control; parameter optimization;
sensitivity analysis
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Fig. 1 Schematic diagram of one-to-four networking of space

laser communication
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Fig. 2 Schematic diagram of main optical transceiver and its optical system. (a) Outline drawing of main optical transceiver;

(b) schematic diagram of optical system (single path)
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slave optical transceivers unit: nm
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laser communication
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Fig. 4 Dynamic modeling analysis. (a) Schematic diagram of one-to-one experiment of space laser communication; (b) diagram of

angular velocity and angular acceleration change
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Table 2 Sensitivity analysis of velocity and acceleration parameters

Sensitivity analysis
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Fig. 10 Equivalent sine steady state tracking error curve

B FREERMFEAPR Bomy ik s L WO F Ok s AL ML BR BR B K BR B DR 22
SLEER BN VO SEME S ER R A HZE <100 prad B R ER IR 2216 5 .

0906004-8



F£60%5 F9H/2023E5 A/HAESBFEHRE

250 . - 1500
— without compensation —without compensation
200 + velocity delay compensation N | velocity delay compensation
1501 - - - acceleration delay compensation -é 1000 ----acceleration delay compensation
E 150 e
2 = 500
5 BOf g
E o 3 I R\ AN A A A A A
S . T 2 '
~100 § —500F
E_150 |
" ~1000
200 |
—250 L I L L i 2 =t i =) 1) i
0 500 1000 1500 2000 15000 10 20 30 40 50 60
Time /s Time /s
P11 AER0s 3 B2 B 2 22 I 46 K12 AE20H0 o B 22 1 2%
Fig. 11 Equivalent motion attitude tracking error curve Fig. 12 Equivalent disturbance tracking error curve
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Table 3 Tracking error results of simulation experiment
Simulation target Control method Maximum tracking error /prad  Accuracy of ascension
Without compensation 1109 -
Motion disturbance ) )
. Velocity delay compensation 320 3.47
coupling
Acceleration delay compensation 46 24.11
Without compensation 873 -
Equivalent disturbance Velocity delay compensation 285 3.06
Acceleration delay compensation 11 79. 36
Without compensation 238 -
Equivalent movement Velocity delay compensation 47 5.06
Acceleration delay compensation 46 5.17
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Fig. 13 Coarse tracking experiment of main optical transceiver Fig. 14 Tracking error curve of disturbance
in networking experimental test
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Table 4 Tracking error results of actual experiment
Simulation target Control method Maximum tracking error /prad Accuracy of ascension
Without compensation 988. 09 —
Equivalent disturbance Velocity delay compensation 369.65 2.67
Acceleration delay compensation 58.12 17.00
Without compensation 285.21 —_—
Equivalent movement Velocity delay compensation 57.42 4.97
Acceleration delay compensation 56. 86 5.02

0906004-9



300 - 1
250 — without compensation
-- velocity delay compensation
g 200 — acceleration delay compensation
8 |
ig 150 ¢
% 100 |
; "'.
g 50f
= |I /’"
0} j

%) 500 1000 1500 2000 2500 3000 3500 4000 4500
Time /(10 ms)
F 15 iz o) % 25 52 0 I 3 R i 122 22 1l 4%

Fig. 15 Tracking error curve of motion attitude experimental test
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