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Optical design of catadioptric infrared panoramic sky camera

Wang Jian*?, Jing Lei?, Guo Banghui*?, Sun Qiang!, Lu Zhenwu!

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

Abstract: By use of an infrared all -sky camera, the distribution and thermal information of cloud in the
sky can be obtained, thus the weather conditions can be further estimated and predicted. with the
equidistance projection imaging method, every point in an all -sky image can be mapped into its
corresponding spatial angle via simple data processing and conversion. An easy -to-use numerical method
was proposed to acquire the profile of a catadioptric mirror, which brought the property of equidistance
projection and played the most important role in a catadioptric panoramic lens. With this numerical
method, an f-theta catadioptric infrared panoramic sky lens operating at 8-12 um was designed for cloud
observation. The sky lens had a wide field of view of 360°x(5°~80°), the calibrated distortion was less
than +0.02%, and the MTF was over 0.4 at the Nyquist frequency of 14 Ip/mm. The designed camera
was very suitable for all-sky observation.
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Fig.1 Operating principle of panoramic sky camera
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Fig.2 Rays propagation in the reflecting model
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Tab.1 Parameters and specifications of optical system

Parameters Specifications
Wavelength range/pm 8-12
Field of view/(°) 360x%(5~80)
F/# 1
Spatial resolution/(°) 0.28

Imaging quality MTF > 0.4 @ Nyquist frequency

f- 6 distortion <+0.1%
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Fig.3 Mirror sampling points and their rays tracking
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Fig.4 Optical system layout
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Fig.5 MTF curves for different field of view
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Fig.6 Encircled energy versus radius
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Fig.7 Field curvature and f-@ distortion
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