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Design of imaging optical system for
space target with large depth of field

SUN Zhi-wei'?, LIU Wei-qi'*, LYU Bo', WU Xiao-tian'

(1. Changchun Institute of Optics, Fine Mechanics and Physics
Chinese Academy of Sciences, Changchun 130033, China ;
2. Uniwversity of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to extend the depth of field and improve the reliability of the system without reduc-
ing the resolution of the imaging optical system for space targe, this paper proposes and designs an
imaging optical system for space target based on wavefront coding technology to extend the depth of
field. On the basis of the initial imaging optical system for space target, the cubic phase plate is opti-
mized based on the consistency of the modulation transfer function curves of different object distances
and the recoverability of the images. The FOPD algorithm is used to achieve a better intermediate ima-
ges recovery effect. The effects of the initial optical system and the wavefront coding optical system
are compared, and the results show that the depth of focus and depth of field of the wavefront coding

optical system have been significantly expanded. The total length of the optical system is 41 mm, the
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focal length is 20 mm, the working wavelength is 850 nm. The simulation experiment results show

that without the need for focusing mechanism, the depth of focus of the system is 28 times that of the

initial system, and the depth of field of the system is extended from 0.956~1.100 m to 0.5~130 m.

The system can meet the needs of large depth of field imaging without focusing mechanism in the

fields of space rendezvous and docking, satellite capture and so on.

Key words: wavefront coding; space target imaging; optics design; point spread function; modulation

transfer function
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Fig.1 Schematic of WFC system
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Tab.1 Parameters of optical system

Parameters Values
Object length 0.5~130 m
Field of view 20°X 20°

F number <3
Focal length 20 mm
Total length <45 mm

Distortion <0.5%
Wavelength 850 nm
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Fig.2 Structure diagram of initial optical system
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Fig.4 Spot diagrams at different object distances
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Tab.3 PSNR
PSNR/dB
0.5 m 0.75 m 1m 65 m 130 m
LI EEXN 18.129 7 19.931 6 25.563 4 18.146 1 18.138 5
ERAEINESEE 18.952 9 19.071 7 19.113 3 18.951 8 18.950 8
2R E % 24,194 4 24.206 0 24.308 9 24.194 8 24.194 6
x4 SHEME
Tab.4 SSIM
SSIM

0.5 m 0.75 m 1 m 65 m 130 m
IR E$ 0.705 1 0.812 4 0.985 1 0.712 6 0.711 5
o ] 4 0.768 5 0.769 4 0.770 9 0.765 4 0.761 7
RN A 0.978 5 0.979 4 0.981 1 0.980 3 0.978 9
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