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Abstract: To address the challenge of simultaneously achieving a large scanning field of view and system
miniaturization in underwater single-photon LiDAR, this paper proposes a technical solution based on mirror
scanning and a sealed annular window. By establishing the geometric relationship between scanning angle,
beam aperture, and mirror size, and integrating an annular water-isolated window structure, the system
achieves miniaturization while maintaining a large scanning field of view. The initial optical system struc-
ture is built using ray tracing, and by applying the imaging and compensation principles of cylindrical optical
elements, it improves the degradation of beam quality after passing through the annular window across differ-
ent media. Integrated optimization with the telescope system further enhances beam quality. Experimental
results demonstrate that the proposed system achieves a scanning field of view of 110°, a beam quality factor

of less than 1.3 times the diffraction limit, a beam divergence angle of 0.084 mrad, and a transmission effi-

I F5 H #3:2026-06-25; 11T B #8: xxxx-xx-XX

EEWB:EEARR RS HFFRLESRIT H (No. 62205032); %5 M2 BH & %) 8 2 8F & 5 H (No.
20260201027GX)
Supported by National Natural Science Foundation of China Youth Foundation (No. 62205032); Jilin Province
Science and Technology Development Plan Item(No. 20260201027GX)


https://doi.org/10.3724/CO.2026-0108
https://doi.org/10.3724/CO.2026-0108
https://doi.org/10.3724/CO.2026-0108
https://cstr.cn/32171.14.CO.2026-0108
https://cstr.cn/32171.14.CO.2026-0108
https://cstr.cn/32171.14.CO.2026-0108

2 FEDEE (hgEso

FExE

ciency of 91.00%. The maximum detection range reaches 24m in water with an attenuation coefficient of

0.184m™'. The proposed system provides both wide-field scanning capability and compact structural advant-

ages, offering a potential solution for the engineering development of underwater wide-area detection plat-

forms.

Key words: Underwater single-photon lidar,Laser beam quality compensation; Geometric figure; 110° wide-

angle scan
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Fig. 2 The overall structure diagram of the optical system

of the underwater single-photon laser radar
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