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Calibration method of optical errors for star sensor based on

particle swarm optimization algorithm
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Abstract: Aiming at the problem that the calibration result of two—step calibration method for star sensor
optical error depends on the initial value too much, a modified calibration method was proposed based on
particle swarm optimization (PSO) algorithm. Taking advantage of the global searching ability of PSO
algorithm, a set of suboptimal initial value for two —step calibration of optical errors was provided via
optimization. In sequence, the two—step calibration method was utilized to obtain the final calibration result.
Numerical simulations demonstrate the effectiveness of the proposed method in overcoming the shortages that
two—step calibration method is heavily influenced by initial values as well as the improvement of the stability
of the calibration.
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According to the invariance of the interstar angular
distance, the sine model is calibrated with the focal
length f'and the principal point (x,,y,)

I

Focal length fand the principal point (x,,y,) are
used as input values, and the first-order radial
distortion coefficient is calculated by combining
the ideal star point coordinates and
the actual star coordinates
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Fig.1 Flow chart of two—step calibration
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Fig.2 Flow chart of particle swarm optimization algorithm
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Tab.1 Calibration results of two—step method under different initial conditions

Initial condition

Calibration results

nslf;rllsir X—axis principal ~ Y—axis principal Focus X—axis principal Y-axis principal Focus First—order radial
point position/mm point position/mm  values/mm  point position/mm point position/mm  values/mm  distortion coefficient/10~*
1 0.50 0.50 42.50 1.178 2 1.1657 43.5850 4.446 0
2 0.55 0.55 42.60 1.1891 1.176 5 43.5919 4.458 4
3 0.60 0.60 42.70 1.160 0 1.2071 43.579 4 4.4751
4 0.65 0.65 42.80 1.176 0 1.190 8 43.584 6 4.470 1
5 0.70 0.70 42.90 1.1750 1.207 8 43.566 7 4.466 2
6 0.75 0.75 43.00 1.1812 1.169 8 43.608 4 4.468 6
7 0.80 0.80 43.10 1.201 2 1.166 0 43.594 3 4.4725
8 0.85 0.85 43.20 1.198 5 1.1877 43.604 8 4.4793
9 0.90 0.90 43.30 1.1847 1.1710 43.561 4 4.474 8
10 0.95 0.95 43.40 1.203 5 1.196 6 43.599 6 4.461 1
11 1.00 1.00 43.50 1.209 4 1.1955 43.562 0 4.476 0
12 1.05 1.05 43.60 1.169 6 1.203 2 43.594 6 4.471 4
13 1.10 1.10 43.70 1.198 2 1.186 1 43.602 6 4.476 8
14 1.15 1.15 43.80 1.1678 1.190 1 43.568 9 4.4513
15 1.20 1.20 43.90 1.1927 1.167 3 43.597 1 4.4499
16 1.25 1.25 44..00 1.176 7 1.1979 43.576 28 4.4870
17 1.30 1.30 44.10 1.1898 1.1701 43.586 0 4.4787
18 1.35 1.35 44.20 1.1970 1.2103 43.584 1 4.4750
19 1.40 1.40 44..30 1.1849 1.2051 43.581 7 4.457 4
20 1.45 1.45 44..40 1.1893 1.1974 43.604 6 4.478 5
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