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Fig. 1. Schematic diagram of Fraunhofer diffraction in OPA.
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Fig. 2. Flowchart of the Adam algorithm for calibrating the OPA output beam.
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Fig. 4. Different adjusting results of output beam in serial OPA with Adam algorithm: (a) Adjusting results of 4x4 array; (b) ad-

justing results of 8x8 array; (c) adjusting results of 16x16 array.

094206-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 73, No. 9 (2024)

094206

SPGD

GS

Adam

0.01 . . . . . . . . 0 . . . .
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
BRI IEARREL AU
() 0.07 — 0.07 - 0.07 —
0.06 i (1000, 0.0684)] 0.06 1 (1028, 0.0686)] 0ok /1 (267, 0.0686) |
: [T ket 06 | r———- : I r—-=
0.05 - ! ! 0.05 [ y 0.05F [ ! v
& I (2409, 0.0687) # O I (2113, 0.0687) e | (1236, 0.0688)
= 0.04 |+ I = 0.04 : = 0.04 \
S 003} | s | S 003 1
B | B L | B |
0.02} | - 008 | T o002
| | |
0.01} | 0.02 | 0.01 I
() 1 II 1 1 1 () ()1 1 II 1 1 (] I 1 1 1
0 500 1000 1500 2000 2500 3000 70 500 1000 1500 2000 2500 0 500 1000 1500 2000
BRI EARREL BRI
Kl 5 i1 SPGD, GS, Adam B EEXS 4x4 BB OPA Hi il OE A EL R () ARG EMRALT HEE R (b) HiAbik Rt 1000 KAIH

SRR VAN BB R IR (o) DEARAS BRUREOA 7 B A1 e Bt £ E
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tion of curve graphs of evaluation function when iterating unlimited times with different algorithms.
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Fig. 8. Adjusting results of beam with SPGD and Adam algorithm: (a) Grey-scale map of different iterative times with Adam al-

gorithm; (b) grey-scale map of different iterative times with SPGD algorithm; (c¢) curve graph of evaluation function with Adam

and SPGD algorithm.
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Optical phased array output beam calibration
method based on Adam algorithm”
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Abstract

Optical phased array (OPA) technology, as a pivotal component of laser detection and ranging (LiDAR)
systems, plays a crucial role in augmenting the application efficiency in fields such as autonomous driving,
precision measurement, and remote sensing detection. With the escalating demands for high-resolution imaging,
the array size of OPAs is continuously expanding, imposing higher requirements on the calibration precision and
efficiency of the output beam. Existing calibration algorithms, such as the simultaneous perturbation stochastic
gradient descent (SPGD) and the Gerchberg-Saxton (GS) algorithm, often face challenges of prolonging
calibration times and insufficient precision when dealing with large-scale OPA systems.

In order to address this problem, our study introduces the Adam optimization algorithm, renowned for its
adaptive learning rate feature, into the calibration process of OPA output beams. Through simulation modeling
and experimental validation, this work comprehensively examines the differences in performance between the
Adam algorithm and conventional SPGD and GS algorithms in beam calibration, especially under various OPA
array configurations. For a 16x16 OPA array, the application of the Adam algorithm significantly enhances the
peak side lobe ratio (PSLR) to over 15.98 dB, while notably reducing the number of iterations to less than 600,
thereby shortening the calibration cycle and improving calibration precision effectively.

Furthermore, this work provides an in-depth analysis of parameter selection, convergence speed, and
stability of the Adam algorithm in OPA calibration, offering detailed guidance for achieving more efficient and
high-quality beam calibration. Through comparative analysis, this work not only demonstrates the substantial
advantages of the Adam algorithm in enhancing OPA calibration efficiency, reducing calibration duration, and
optimizing output beam quality but also emphasizes its critical role in advancing OPA technology.

The main contribution of this work lies in providing an innovative algorithmic approach for achieving
efficient calibration of OPA output beams, which has important theoretical and practical significance for
advancing the LiDAR technology, particularly in the field of high-precision beam control. Moreover, by
applying optimized algorithms, this study not only improves the performance of OPA technology within existing
domains but also paves new ways for its application in emerging fields such as optical communication, optical

networking, and high-resolution imaging.
Keywords: optical phased array, calibration algorithm, Adam algorithm
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