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Three—dimensional fiber nutation algorithm with
self-adjusting parameters based on BP neural network
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Abstract: To address the issues that single-mode fiber coupling in free-space optical communication is susceptible to static de-
viations and dynamic disturbances, and that fixed-parameter nutation algorithms lack robustness, a parameter self-adjusting
three-dimensional fiber nutation algorithm based on a back propagation (BP ) neural network is proposed. The algorithm takes
the real-time coupled optical power and its rate of change as inputs. Leveraging the nonlinear mapping capability of the BP neu-
ral network, it autonomously and online determines the optimal nutation radius, nutation step size, Z-axis scanning radius, and
Z-axis scanning step size. Combined with a three-dimensional nutation search mechanism, it achieves joint correction of lateral
and axial alignment errors. Simulation results show that under static deviations, the proposed algorithm improves steady-state
accuracy by 19.51%~67% and increases coupling speed by 11.94%~53.32% compared to fixed-parameter algorithms. Under
dynamic disturbances, it maintains high coupling efficiency and steady-state accuracy, demonstrating excellent wide-frequency
adaptability.
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