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Abstract The very high precision star sensor is the most accurate attitude sensor at present. According to the star
sensor system detection requirements, the optical system parameters are figured out. A kind of optical structures of
star sensor with small F-number and good imaging quality is realized on the stage of Code V software. The system
has an effective focal length of 90 mm, an F-number of 1.5, a field of view of 7°, and a working wavelength range of
0.45~0.85 pm. The imaging quality is enhanced and special requirements of the spot, energy concentration,
distortion, lateral color etc. , are all satisfied. The total system length is only 90.36 mm, which meets the demand of

miniaturization and light weight in engineering. Meanwhile, it works steadily with high optical quality in the required
temperature range and has good athermal and anti-defocus performances.
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Table 1  Specifications of optical design

Focal length /mm 90
Aperture /mm 60

Field of view (diagonal) 57X 5°(7%)
F number 1.5

Optical transmission =0. 80
Spectral range /pm 0.45~0. 85
Primary wavelength /pm 0. 65

Back working length /mm =10

CCD detector pixel number /pixel 1024 X1024
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Table 3 Lateral color value il Bisl
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Field /(*)
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0 0 0
1.00 0. 045 0.018
1.75 0.107 0.052 +1.75
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3.50 0. 460 0. 283
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Table 4 Energy diameter for different temperatures (mm)

TEM (C) (0°,0°) (0°,1.75%) (0°,2.45%) (0°,2.8% (0,3°.5%)
—10 0. 02396 0. 02481 0.02806 0. 02930 0.02458

20 0.01797 0.01861 0.02104 0.02197 0.01843

30 0.02186 0.02264 0. 02560 0.02674 0.02242
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# 5 AR 0.05 mm AR BE A 2 RO A (mm)

Table 5 Centroid offsets for different temperatures and fields under 0. 05 mm negative defocus (mm)

0°,0°) (0°,1.75% (0°,2.45° (0°,2.8% (0°,3.5%
Zooml (—10 C) 0 —0.39585X10* —0.33473X10°° —0.19485X 10 0.34325X10°*
Zoom2 (20 C) 0 —0.40152X 107" —0.32423X107° —0.18362X107° 0.36551X10°*
Zoom3 (30 C) 0 —0.38672X10°*% — 0.31171X10°* —0.17170X10*° 0.37422X10°*

# 6 IEMEAE 0.05 mm AR BE A 2 R A (mm)

Table 6 Centroid offsets for different temperatures and fields under 0. 05 mm positive defocus (mm)

(0°,0% (0°,1.75%) (0°,2.45%) (0°,2.8% (0°,3.5%
Zooml (—10 C) 0 —0.35478X10°° —0.19421X10°° —0.46952X10° 0.47150X10"*
Zoom2 (20 C) 0 —0.35817X10* —0.18562X10° —0.35475X10° 0.43231X10°*
Zoom3 (30 C) 0 —0.34565X10* —0.17123X10°° —0.21791X10°° 0.44652X10"*
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Table 7 Distance from the last surface to the imaging surface for different temperatures

Temperature / C —10 20 30

Distance /mm 12. 7152 12. 7140 12. 7141
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