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Study on Phase and Tip-tilt Control Using Adaptive SPGD Algorithm for
Coherent Beam Combining

o 540] 1 of ot 1 ZIxkaH =12 HFO %|2 =42 2 oxoylt
=0, o|&al, "xi', o|Zsl’, Fxiel’, d&de, 2EHE", W2X°, 478, E=4, 2&5Y

Hyeong Min Yoon', Sangmin Lee', Jae Woo Jung', Kang Hee Lee', Jae Heon Jung', Chang Hwan Kim',
Byunghyuck Moon?, Eunji Park? Ki Hyuck Kim?, Seongmook Jeong?, and Jun Young Yoon'#

1 HM|CHSt . LHtCHSH 774 S Skt (Department of Mechanical Engineering, Graduate School, Yonsei University)
2 LIGHIA R HHEKSIHATA (Laser System R&D, LIG Nex1)

# Corresponding Author / E-mail: junyoung.yoon@yonsei.ac.kr, TEL: +82-2-2123-2817

ORCID: 0000-0001-5893-3477

KEYWORDS: Coherent beam combining (ZSS 21Z§!), Stochastic parallel gradient descent (SPGD), Adaptive control (Z12Sd X|0H)
Phase control (214} X|01), Tip-tilt control (El-ELE H|0{)

Coherent Beam Combining (CBC) is a promising technique for enhancing laser output power by accurately aligning the
phase and position of multiple laser beams. The Stochastic Parallel Gradient Descent (SPGD) algorithm is commonly used
in CBC systems due to its simplicity and scalability. However, its dependence on fixed control parameters can result in slow
convergence rates and diminished control stability. To overcome these challenges, this study introduces an adaptive SPGD
algorithm that dynamically adjusts the perturbation amplitude and learning rate based on the real-time value of the objective
function. This approach accelerates convergence during the initial stages by increasing control inputs when the objective
function value is low, while ensuring stability as the function nears its maximum in later stages. Numerical simulations of 7-
channel and 19-channel CBC systems revealed that the adaptive SPGD algorithm reduced average iteration counts by
26.4% and 18.1%, respectively, compared to the basic SPGD. Furthermore, the overall control performance improved,
achieving high beam combining efficiency with reduced total computation time. This proposed algorithm serves as a
straightforward yet effective enhancement to the conventional SPGD method, improving both convergence speed and

stability.
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NOMENCLATURE Omin = Minimum Perturbation Amplitude
o ) ) E = Electric Field at the Target Plane
J® = Objective Function at the #™ Iteration o _  Distance from the Beam Center
i = Control Input of the #* Channel A = Amplitude of Electric Field
N = Number of Ch 1 .
umber o anness I = Beam Intensity at Target Plane
# = Adaptive Gain Coefficient at the n™ Iteration M = Window Function
Qpin = Minimum Learning Rate
o™ = Learning Rate at the #” Iteration
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Table 1 Coherent beam combining simulation results of the proposed adaptive SPGD algorithm compared to basic SPGD algorithm

Channel Number 7 19
Algorithm Basic SPGD Adaptive SPGD Change Basic SPGD Adaptive SPGD Change
Average Iteration 326.6 240.5 -26.4% 639.8 5243 -18.1%
Mean Convergence 0.97 0.96 -1.0% 0.94 0.93 -1.1%
Average Simulation Time (s) 0.87 0.68 -21.8% 3.82 322 -15.6%
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