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Abstract An adaptive stochastic parallel gradient descent (SPGD) control algorithm with a variable gain coefficient
is applied in coherent beam combining (CBC) of a large scale fiber laser array. The influence of different gain
coefficients on convergence speed of the control algorithm is computed. The relationship between control
bandwidth, iteration rates, beam quality of combination, laser numbers and the feasibility of a large scale coherent
beam combining based on this adaptive algorithm is analyzed. The results show that in CBC of 7 fiber lasers, this
adaptive SPGD algorithm using a variable gain coefficient control strategy holds advantage of high iteration rates,
high control bandwidth and good applicability to coherent beam combining of fiber laser array. The fast convergence
speed can also be obtained and the convergence speed is increased by 37.8%, 63.8% and 75.0% respectively, when
this algorithm is applied in CBC of 37, 91 and 100 fiber lasers. We believe the proposed adaptive SPGD technique
has the potential to be scaled to a large—scale array with high output power.
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Table 4 Relations between variable gain coefficient y and iteration step in CBC of 100 fiber lasers

C, 0.2 0.3 0.4 0.5 0.6
G, 1 1 1 1 1
Step 530 380 540 700 Oscillation

BRI AR R AT )y 2.969 MHz.

Wi 2 6T 0K 7 T 36 A0 8 A0, FE 67 R 75 T SR 5% A AR A S A (0 2 b T B s 4 55 40 1o 4 kH 2
110 kHz, 5 KR EE R £1.0 rad, W13 5 Fr 7R, % T 7 ROGEF SO AR T & Bl 6 A5 94 pR 4 J>0.95, 5307 Bk
AR R 43 1) 25036 3] 288 kHz A1 720 kHzo 25 8 B 42 il 4l 58 K /0 5 5 PAT 3 AR M O &, % T 100
L B I A AL AR ), B H AR R J>0.95, T T LR A7 1 o 2 0 B Uk 3% R R (R AT B ) 43 R
2.969 MHz 11 7.423 MHz, 1ESEPRIGHCT , AEAE A B PR 5 M A XU HILAMCER 20 5 1S (% AR A2 4R 2l | i BRI 5
P HE 550 100 kHz A6 320, 25 01 T 230k 14 728 189 25 22 % SPGD B3 45 7 100 3R, U5 3k 1) o S0 AU A 7 0 B 22 /0
k1 74.230 MHz,

5 ARSI S R AGH R R

Table 5 Relations between control bandwidth and iteration rates

Iteration rate

Control band width

7 beams 37 beams 91 beams 100 beams

4 kHz 288 kHz 1.758 MHz 2.696 MHz 2.969 MHz

10 kHz 720 kHz 4.395 MHz 6.740 MHz 7.423 MHz
100 kHz 7.012MHz 43.950 MHz 67.400MHz 74.230 MHz

5 45 i
5 — ol g 170 7 94 35 2R B0 B SPGD 5 7 v 187 P B K B B 6 4R MO AR T 4 P L T OR R 35
FOBON B 1 WSO B B AR . SR R AR TR 379 91 SR 100 S AR OB KT A R TR
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