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Parameter Self-Adjusting Nutation Fiber Coupling Algorithm
Based on Fuzzy Control
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Abstract In the single mode fiber coupling system of space laser communication, the parameters of the traditional laser
nutation algorithm are fixed, which leads to the problem that the system convergence speed and convergence stability
cannot be achieved at the same time. Therefore, a parameter self-adjusting nutation fiber coupling algorithm based on
fuzzy control is proposed. The proposed algorithm uses a fast steering mirror (FSM) as the execution unit. According to
real-time coupling energy feedback, the algorithm parameters are self-adjusted during the process of laser nutation
convergence to improve the convergence speed and steady-state accuracy of the system. The simulation results show that
the coupling efficiency, coupling precision and coupling speed of the parameter self-adjusting nutation coupling algorithm
are better than those of the traditional laser nutation algorithm under the condition of no disturbance. Under the condition
of disturbance, the traditional laser nutation algorithm only has a good suppression effect on the disturbance under certain
conditions. However, the parameters of the self-adjusting nutation coupling algorithm have a good suppression effect on
disturbances of 1-20 Hz, and the proposed method displays obvious advantages in terms of coupling efficiency and coupling
stability. Hence, the proposed method is more suitable for application in laser communication links.

Key words free-space optical communication; single-mode fiber coupling; laser nutation; fuzzy control; parameter self-
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Fig. 1 Schematic program of single-mode fiber coupling principle
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Fig. 4 Effect of nutation step length ¢ on coupling efficiency
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Fig. 5 Simulation experiment schematic diagram
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Table 2 Coupling system parameter setting

Parameter type Value

Light wavelength A /nm 1550
Coupled lens focal length £ /mm 710
Optical fiber mode field radius w, /pm 5.2
Coupling lens diameter D /cm 0.15
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Fig. 6 Phase distribution map of introducing optical spot
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Fig. 7 Distribution map of fiber end face coupling efficiency
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Table 3 Comparison of coupling performance without disturbance

Combined parameter Coupling Standard ~ Number of
selection /pm efficiency deviation o iteration
r=0.25, d=0.60 0.681 0.0043 89
r=0.20, d=0.50 0.683 0. 0020 105
r=0.15, d=0.40 0.685 0.0019 130
Proposed 0.687 0.0001 81
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Fig. 8 Comparison of coupling efficiency without disturbance
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Table 4 8 sets of controller parameters with good coupling effect

Parameter group Controller parameter /pm

4 d=0.80, r=0. 50
5 d=1.00, r=0.50
6 d=1.20, r=0.60
7 d=1.40, r=0.60
8 d=1.60, r=0.70
9 d=1.80, r=0.70
10 d=2.00, r=0.80
11 d=2.20, r=0.80
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Fig. 9 Comparison of coupling performance under 1 Hz disturbance
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Fig. 10 Comparison of coupling performance under 5 Hz disturbance
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Fig. 11 Comparison of coupling performance under 10 Hz disturbance
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Fig. 12 Comparison of coupling performance under 15 Hz disturbance
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Table 5 Inhibition effect under different disturbances

Controller ~ Parameter Self-adjusting 4 5 6 7 8 9 10 11
n 0.796 0.794 0.790 0.783 0.777 0.768 0.759 0.750 0.738
1o Hz o 0.015 0.017 0.022 0.028 0.034 0. 040 0.051 0.055 0.068
<15 1y 7 0.729 0. 496 0.591 0. 648 0.699 0.718 0.721 0.715 0. 704
o 0. 080 0.193 0.150 0.124 0.094 0.085 0. 085 0.091 0.101
15-90 Hg 7 0.628 0.270 0. 305 0. 341 0.397 0. 469 0.519 0.572 0.628
o 0.161 0.265 0. 280 0. 255 0. 246 0.218 0. 200 0.173 0.162

Bandwidth /Hz 20 9 11 13 15 16 18 19 20
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