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Calibration method of high-accuracy star sensor

Yi Min', Xing Fei’,Sun Ting' , Wang Hong'
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University, Beijing 100192, China; 2. Department of Precision Instruments, Tsinghua University, Beijing 100084, China)

Abstract : Star sensor is a high precision attitude measurement instrument widely used in spacecraft. The star sensor’ calibration is very
essential for the high precision measurement of star sensor. In order to improve the overall accuracy of the star sensor, a simulation
analysis is carried out for the traditional star sensor calibration method. The model parameters are difficult to decouple for the traditional
star sensor calibration. To solve this issue, a direct mapping calibration method is proposed in which the focal length, imaging plane tilt
and distortion, etc. as a whole parameter are calibrated. This simple method can achieve higher accuracy, which avoids the shortcomings
caused by the error analysis of the traditional method. Experimental results show that the calibration method fully meets the system
requirements of 2".
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Fig. 1  Pinhole model
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Fig.2 Common parameter calibration flow chart
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Fig.3  Corrected figure of traditional calibration method
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Fig.4 Flow chart of parametric integral calibration process
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Fig.5 Experimental equipment
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Fig.6  Schematic diagram of sampling process
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Fig.7  Star sensor

3.1 EAERE

SRS

FAURES leicab100A [ ELZE L6 IR CRE .
SRR R AR R SR

B 26U 1042 05 R USRS AT 8Ok T 2 8
A AR LUk T = IS . b SE &l 8 B .

HHEE L4

K8 Smiste
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Fig.9 Calibration results of main point
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Table 1 Main point calculation data

('pixel)
e X h Y
1 641.536 1 513.924 6
2 641.521 1 513.924 6
3 641.536 2 513.919 2
4 641.535 4 513.929 8
5 641.526 8 513.919 4
6 641.530 6 513.929 6
7 641.547 4 513.924 5
8 641.530 9 513.924 8
9 641.540 8 513.9192
10 641.546 8 513.9251
11 641.531 0 513.9295
12 641.542 3 513.908 3
13 641.531 0 513.929 9
14 641.525 6 513.924 5
15 641.542 2 513.913 9
16 641.531 8 513.929 6
17 641.531 6 513.903 3
18 641.531 6 513.914
19 641.536 6 513.924 3
20 641.542°5 513.9353
21 641.531 7 513.914 0
22 641.5319 513.940 5
23 641.546 7 513.9352
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gx1 (pixel) x3I ITEEMNERAIRE A9
e X Y i Table 3 Measure Angle error A9
24 641.531 6 513.919 3 % S/ () [ S/ (")
25 641.537 5 513.919 5 1 1.089 1 22 1.298 0
26 641.542 4 513.924 3 ) 0.847 3 2 1.459 9
27 641.548 4 513.903 2 3 L5237 » NS
28 641.536 2 513.924 7
4 0.662 5 25 1.503 1
29 641.542 1 513.929 6
5 0.8413 26 1.366 4
30 641.531 1 513.924 7
S 641.535 9 513.922 9 6 0.7333 27 0.8658
7 1.217 6 28 0.984 8
3.2 HihsHRE 8 0.938 6 29 1.1872
MR 2.2 TR AR E TR BN R R e RS 9 0.7850 30 1.2416
Wi 74 I A% T A0 Rk 4 R 22 TR 3R AR IR AR, iE AT A E SE 5 10 0.769 2 31 0.756 2
ot e PN .
AU LRSI 2 R B . . .
#2 ﬁi%ﬁﬁ*ﬁ 12 1.380 6 33 1.052 3
Table 2 Calibrated parameter data ’ '
5 — ™ N ) 13 0.876 1 34 0.867 9
W/ (°) BICRSF/mm 433/ pixel AL E/ pixel
15x12 0.005 3 1280 x 1024 641.535 9 x513.922 9 14 0.840 5 35 0.692 6
15 1.171 1 36 0.592 4
PRGN 16 1.437 1 37 1.274 8
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Image plane correction
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