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Lens design of star sensor with large relative aperture and wide
spectral range

Meng Xiangyue', Wang Yang", Zhang Lei', Fu Yuegang', Gu Zhiyuan®

(1. School of Electro—Optical Engineering, Changchun University of Science and Technology, Changchun 130022, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: In order to improve the relative aperture of the star sensor and broaden the spectral range of
the detection, the detector sensitivity calculation model was applied to determine the parameters of the
optical lens in a star sensor, then an optical lens based on satellite platform was designed. The lens was
composed of 7 spherical lenses, with the spectral region of 500-800 nm, the focal length of 50 mm, the
relative aperture of 1/1.25, the field of view (FOV) of 8.45°x8.45°, and the total length was 83.33 mm.
This lens used the telecentric structure in the image to reduce measurement errors caused by image
defocus and other factors. After the optimization, the lens distortion was less than 0.5%, the center of
mass color deviation was controlled within +2 wm, and the diffraction encircled energy (within 3x3 pixel)
was greater than 80%, the maximum magnification chromatic aberration was —0.073 pm, the dispersion

spot energy concentration of all the fields of view was almost the same. In different temperature
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environments, the small change in focal length of the system verified the athermalization. The optical lens
had good image quality.
Key words: optical design; star sensor; large relative aperture; wide spectrum;

telecentric in image space; athermalization
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Tab.1 Star sensor functional requirements
Limiti Angul Total 1 h i 1 E ircl
Waveband/nm 1m1Fmg FOV ngu ar otal length/ Distortion Cent.ro.ld color nergy enc1.rc ed
magnitude resolution/prad mm deviation/pm concentration
500-800 m=7.5 =8.4°x8.4° Better than 150 <100 <0.5% +2 >80% (in 3x3 pixel)
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Tab.2 Main parameters of CCD

CCD detector pixel number CCD detector pixel size

Quantum efficiency

Fill factor Dark noise/e” - rms
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Fig.2 Structure after optimization
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Fig.3 Spot diagram after optimization
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and performance testing of optical system for star sensor
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