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Abstract: Focused on the on-orbit calibration problem of the wide field of view star sensor, a novel calibration model
based on vector observations is proposed. The model uses 3 Rodrigues parameters, instead of Euler angles, as the
exterior parameters to simplify the calculation, and complete the joint solution with intrinsic parameters and third
order distortion parameters. Simulation shows that it has a higher accuracy than the traditional model with Euler
angles. In case of a standard deviation of 0.05 pixels star point error, the model can still accurately calculate the
camera parameters and the angle error after calibration is 0.483 arcsecond, and the mean residual errors are 0.019
pixels in x direction and 0.016 pixels in y direction. Furthermore, the initial parameters are simpler and there is no
need to set initial values. lts accuracy is further verified by actual star maps of ZY-3 satellite, and result shows that it
can improve the calibration accuracy largely. To further improve the calibration accuracy, higher precision centroid
algorithm is recommended in actual applications.
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Table 1 The stars for calibration.

No. x/pixel y/pixel al(°) /(%)

1 115.166 814.399 258.11589  10.585082
2 3.734 652.121 258.66189  14.390443
3 38.602 836.754 259.65416  10.864146
4 139.553 602.085 255.78290 14.091733
5 459.400 750.400 251.45787  8.582668
6 331.474 727.382 253.50179 10.165241
7 534.690 543.263 248.15061 11.487774
8 309.088 783.887 254.41608  9.374997
9 550.415 388.333 246.35411  14.033067
10 461.188 140.669 24547989  19.15328
1 316.533 83.949 24755464 21.489563
12 659.203 150.599 242.01874  17.046961
13 784.641 957.652 247.72833 1.983676
14 817.723 139.217 239.11437  15.657291
15 933.545 83.001 236.54715 15.421685
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Table 2 The calibration results of star sensor on ZY-3 satellite.
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Fig. 1 The residual errors in x and y directions after calibration.
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Table 3 The comparison between the calibrations proposed in the paper and the traditional model.
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Table 5 The application results of the calibration parameters. E%ﬁ%?ﬁ%ﬂ’ﬂﬁjﬁﬁﬁ%fﬁ, ﬁﬂﬁ%%%ﬁﬂiﬁg%{%iﬁ]
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Fig. 2 The star position error’s influence on calibration accuracy. (a) The star position error’s influence on star angle
error. (b) The star position error’s influence on the residual errors in x and y directions.
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