"ﬂ Check for updates @ @@
ISSN(print) 1226-5012 A
J Korean Ophthalmic Opt Soc. 29(4):215-219, December 2024 http://dx.doi.org/10.14479/jk00s.2024.29.4.215

Lidar Sensor Optical System Design for Miniaturization and Weight Reduction

Byung-Ho Ha'?, Dong-Seok Choi*", Young-Bin Kwon**, Suk-Hun Jung®‘, Bo-Sun Kang®*, Seong-Ryul Lee*/,
and Ki-Hong Kim®>&*

'Dept. of Optometry & Vision Science, Daegu Catholic University, Post-doc, Gyeongsan 38430, Korea
Dept. of Optometry & Vision Science, Daegu Catholic University, Student, Gyeongsan 38430, Korea
SDepartment of Radiological Science, Konyang University, Professor, Daejeon 35365, Korea
*Dept. of Optometry & Vision Science, Gimhae University, Professor, Gimhae 50811, Korea
Dept. of Optometry & Vision Science, Daegu Catholic University, Professor, Gyeongsan 38430, Korea
(Received August 30, 2024: Revised September 13, 2024: Accepted September 26, 2024)

Purpose: Recently, the importance of LiDAR sensors has been emphasized in various applications. This study aimed to
design an ultra-wide-angle LiDAR sensor optical system to achieve miniaturization, reduce costs, and enhance optical
performance. Methods: A miniaturization design was implemented for both the relay and fisheye lenses. The design goal
was to minimize the total track length (TTL). The performance was evaluated by analyzing distortion and spot diagrams for
the same field of view and minimized thickness in the initial design. Results: A compact design was achieved by
maintaining a field of view of 176° while reducing the TTL to 13.53 mm, thus meeting the design target. The analysis of
distortion aberration revealed values comparable to those found in previous studies at wider field angles, and the spot
diagram analysis demonstrated improved optical performance, with light converging to a more focused spot compared to
those presented in prior literature. Conclusions: This study successfully designed a miniaturized LiDAR sensor optical
system. This achievement is expected to contribute to the commercialization of advanced technologies by reducing costs
and increasing production efficiency.
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Table 1. Fisheye lens specifications

Parameters Target Value
F# number 2.5
Field of View (FOV) (degree) 176°
Total Track Length (mm) 13.53
Number of lenses 6

Table 2. Relay lens specifications

Parameters Target Value
Effective Focal Length 19.69
Total Track Length (mm) 12
Number of lenses 5

Table 3. Relay lens specification
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Fig. 1. Relay lens design.

Surface Radius (mm) Thickness (mm) Index Abbe No.
1 (STOP) 0.0000 20.0000
2 0.1057 1.2251 1.721 292
3 —0.0082 0.8633
4 —-0.0175 0.9025 1.721 29.2
5 —0.0087 0.5781
6 0.1663 0.9400 1.721 29.2
7 0.1414 1.5218
8 —0.0609 0.8772 1.721 29.2
9 —0.0433 0.7986
10 0.0017 0.9745 1.564 63.6
11 0.1662 7.9187
Image 0.0000 0.0000
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Fig. 2. Fisheye lens design.
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Fig. 3. Fisheye lens distortion grid.
Table 4. Fisheye lens specification
Surface Radius (mm) Thickness (mm) Index Abbe No.
1 0.0647 0.5281 1.656 54.1
2 0.5492 1.4370
3 0.2455 0.8156 1.743 44.8
4 0.6854 1.0000
5 0.2028 0.9000 1.487 70.4
6 -0.2724 0.2812
7 —0.3449 1.0000 1.600 61.3
8 —0.4453 0.3599
9 (STOP) 0.0000 0.2492
10 0.0650 0.9229 1.514 67.6
11 -0.3778 0.1433
12 —0.4243 0.2600 1.755 27.5
13 -0.3163 5.6295
Image 0.0000 0.0000
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Fig. 4. Relay lens distortion grid.
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Fig. 5. Fisheye lens spot diagram.
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Fig. 6. Relay lens spot diagram.
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Fig. 7. Design result.
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