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Computational imaging system of single mirror for
space solar ultraviolet observation

BIAN Yinxu', ZHANG Chao!, YU Qian?, PENG Jilong?, SHEN Hua', ZHU Rihong!
(1. College of Electronic Engineering and Optoelectronic Technology,
Nanjing University of Science and Technology, Nanjing 210094, China;
2. Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

Abstract: The space-based ultraviolet imaging is one of the principal approaches for the solar observation.
In order to meet the requirements of the high resolution and lightweight imaging for the ultraviolet space-based
remote sensing system, the single mirror computational imaging system for the space-based ultraviolet remote
sensing is studied in this paper. By combining the idea of the “optical mirror design” and the “computational
imaging”, the optical system design using the spherical surface, the sixth-order even order aspheric surface, the
tenth-order even order aspheric surface, the Q-type surface, and the Zernike polynomial surface are carried out,
respectively, together with the computational imaging based on the Fourier lamination super-resolution. It is
shown that the designed systems with the algorithmic image reconstruction can achieve a circular field view up to
5.4° and a resolution better than 0.11 mm at the ultraviolet wavelength of 135 nm. The reflective sixth-order even
order aspheric surface system enjoys certain comprehensive advantages.

Keywords: space-based remote sensing; single mirror imaging; computational imaging; optical design;
image reconstruction
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Table I Design indexes of the ultraviolet single
mirror telephoto system
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Table 2 Basic design parameters of spherical single mirror
imaging system
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Table 3 Basic design parameters of sixth-order even
order aspheric system
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Fig.3 3D optical path diagram of sixth-order even order
aspheric system
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Table 4 Basic design parameters of tenth-order even
order aspheric system
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Fig. 5 3D optical path diagram of tenth-order even order
aspheric system

Vel

posen,

+ v

RMS radius: 121.143 pm

Scale bar: 2000 um
e 8
Wj

RMS radius: 101.315 pm RMS radius: 42.822 pm

GEO radius: 159.368 pm GEO radius: 71.738 um GEO radius: 280.474 pm
(a) 0°¥137% (b) 1.0°%3% (c) 2.7°13%

Ko HUABRARERIN R 551K
Fig. 6 Spot diagrams of tenth-order even order aspheric system
124 Q-type If
HRARERTIAN L, £ BT R Q-type H
F R T, B V8 b A R T AR T TR AR G T B



196 il K 2% % 5%

T & 38 %

THT P v 25 5 ?%JEM%F%U&/J\B@%%%EE
., BE A [ A S 257 i TR T TR AR I £ A S,
TR R, BRI AS - Q-type ﬁffié}ﬁ%zx&
B HnE 5 pis, 2o A0~A3 A Q-type RH.
%5 Qtype ARZGEKNFITSH

Table 5 Basic design parameters of Q-type surface system
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Table 6 Basic design parameters of Zernike polynomial
surface system
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Fig. 9 3D optical path diagram of Zernike polynomial surface
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Fig. 12 Resolution and Fourier spectrum of the single mirror
imaging system
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