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Optical system design of plenoptic camera main objective in

sub-kilometer-scale 3D imaging

Ji Pengzhou', Mu Yu'”?, Zhang Chenzhong'", Meng Junhe', Zhao Kan', Xu Dawei'

(1. Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China;
2. School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The plenoptic camera can refocus after imaging, and obtain the position and direction information of
the target at the same time with one exposure. Compared with the active distance measurement method and the
traditional passive distance measurement method, the depth measurement method based on the plenoptic camera
has the advantages of being difficult to detect and easy to calibrate. The plenoptic camera 3D imaging technology
is a computational imaging technology that integrates the front-end optical system and the back-end information
processing. The current research works mainly focus on the back-end information processing algorithm et al.
There are few reports on the research of the front-end optical system. Therefore, the design of the front-end
optical system was researched. Firstly, a calculation model was established for the depth resolution of a plenoptic
camera based on multi-eye vision and the influence of optical system performance parameters was analyzed such
as focal length and F-number on the object depth resolution. Secondly, the influence of factors was analyzed such

as the blocking ratio of the two-mirror optical system and the magnification of the secondary mirror on the system
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parameters. Finally, a plenoptic camera main objective optical system for sub-kilometer-scale 3D imaging was

designed comprehensively considering the design, processing, assembly, and ranging performance. The focal

length of the system is 500 mm, the total length of the system is less than 163 mm, the telephoto ratio is less than
1/3, and the working temperature range is —40 -70 °C. The full field of view MTF in 80 Ip/mm is better than 0.3 at

different temperatures. If the plenoptic camera uses this objective and a sub-pixel recognition accuracy algorithm

of 1/8 pixel, a depth resolution of less than 5 m can be obtained at 0.5 km.

Key words: 3D imaging;  plenoptic camera;
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Tab.1 Index requirements

Index Parameter
Distal range 500 m
Depth resolution <5m
Wavelength Visible light
Space volume requirements ¢110x 150
Operating temperature —40-70 °C

SR M £ = 0.93 mm, £ = 0.83 mmAlf; = 0.74 mm,
9 S RS0k

22 HITER Fig.9 Light path diagram of optical system
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Tab.2 MTF under tolerance@80 lp/mm

FOV Theoretically After tolerance Theoretically After tolerance Theoretically After tolerance
@20 °C @20 °C @—40 °C @—40 °C @70 °C @70 °C
0 0.4303 0.3711 0.3105 0.2623 0.5147 0.4485
0.2 0.4469 0.3770 0.3492 0.2879 0.5044 0.4301
0.5 0.4125 0.3296 0.3828 0.3015 0.4013 0.3180
0.7 0.3825 0.3068 0.3635 0.2903 0.3655 0.2809
1.0 0.3842 0.2962 0.3679 0.2734 0.3614 0.2629
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