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Self-calibration optimization method for laser
tracking multilateral measurement
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Abstract ; During the measurement of large space objects with the laser tracking multilateral method, the measurement accuracy is
affected by a lot of factors. The accuracy of the self-calibration is one of key factors. In this paper, a self-calibration optimization method
is proposed. Through introducing the cross spatial distribution model of the points for the optimized calibration, the data of the laser base
stations obtained from the initial self-calibration are calibrated once again, and the optimization algorithm is used to get the more accurate
data of the laser base stations, so as to reduce the error in the self-calibration process and improve the accuracy of laser tracking
multilateral measurement. The distance measurement experiment on a groups of space points in the x-axis direction was carried out, the
optimization effect of the data of base stations was verified through introducing calibration points. The experiment results indicate that the
distances of the measured points obtained based on the data of the base stations after the optimized calibration are closer to the reference
distances, and the distance difference is reduced from —2.3 pum to —1. 6 wm after optimization at the position with the x-axis coordinate
of 750 mm. So, the self-calibration optimization method proposed in this paper could improve the accuracy of the laser tracking
multilateral measurements.
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Fig. 1 Measurement principle of the laser tracking

multilateral method
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Table 1 Comparison result between the measured distances
of 8 measured points on X-axis based on the base station data

of the initial calibration and the reference distances
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AFR/mm T /mm HRERAL) /mm pwm
1 50 0. 000 000 0. 000 000 0.0
2 150 100. 000 000 99. 999 999 0.0
3 250 199. 999 767 199.999 951 0.2
4 350 299. 999 900 300. 000 152 0.3
5 450 400. 000 000 400. 000 256 0.3
6 550 500. 000 133 500. 000 093 0.0
7 650 600. 000 067 599.999 315 -0.8
8 750 700. 000 033 699. 997 702 -2.3
9 750 700. 000 067 699. 997 786 -2.3
10 650 600. 000 133 599.999 207 -0.9
11 550 500. 000 133 500. 000 036 -0.1
12 450 400. 000 067 400. 000 278 0.2
13 350 299. 999 900 300. 000 211 0.3
14 250 199. 999 767 200. 000 034 0.3
15 150 99. 999 900 100. 000 165 0.3
16 50 -0. 000 067 0. 000 177 0.2
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Table 2 Comparison result between the measured distances
of 8 measured points on X-axis based on the base station data

of the optimization calibration and the reference distances
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1 50 0. 000 000 0. 000 000 0.0
2 150 100. 000 000 99.999 976 0.0
3 250 199. 999 767 199.999 911 0.1
4 350 299. 999 900 300. 000 111 0.2
5 450 400. 000 000 400. 000 241 0.2
6 550 500. 000 133 500. 000 162 0.0
7 650 600. 000 067 599.999 587 -0.5
8 750 700. 000 033 699. 998 453 -1.6
9 750 700. 000 067 699. 998 537 -1.5
10 650 600. 000 133 599. 999 480 -0.7
11 550 500. 000 133 500. 000 105 0.0
12 450 400. 000 067 400. 000 263 0.2
13 350 299. 999 900 300. 000 169 0.3
14 250 199. 999 767 199. 999 994 0.2
15 150 99. 999 900 100. 000 142 0.2
16 50 -0. 000 067 0. 000 177 0.2
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Table 3 Repeated measurement results of 3 points

on X-axis before and after optimization
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WEC Abr/mm T /mm BREAL) /mm /pum

50 0. 000 000 0. 000 000 0.0

1 650 600.000 067  599.998 340 1.7

750 700.000 033 699.997 453  -2.6

50 0. 000 000 0. 000 000 0.0
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750 700.000 033 699.997 398  -2.6

50 0. 000 000 0. 000 000 0.0
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