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Impact analysis of star distribution on least square attitude
measuring precision in star sensor

Zhang Lei, He Xin, Wei Zhonghui, Liang Guolong
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: As the highest measurement precision attitude sensor, attitude determination is the most basic
and critical section in navigation. To analyze the impact of star distribution on least square attitude
measuring precision, the definition of the attitude angle was described, the problem -solving process by
least square method was researched, and the condition number of the coefficient matrix, that leads to poor
precision under a certain observational error, was derived from the view of mathematical. Lastly, three
sets of typical star distribution under different conditions were simulated, calculate the results and conduct
the statistics, the simulation results indicate that measurement precision is influenced by different locations
of the star group in image and different device parameter models for star sensor, besides the relative
position of the star group described by condition number.
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Fig.1 Definition of attitude angle
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Tab.1l Model parameters of star sensor

Item Parameter 1 Parameter 2
Focus/mm 30 90
Image resolution 1000x1 000 1000x1 000
Pixel area resolution/(") 54.7 18.3
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Tab.2 Statistical result 1

Condition Std/(//)
Fig. number of :
coefficient matrix Yaw Pitch Roll
Fig.2 6.173x102 10.3 11.6 114.1
Fig.3(a) 2.837x10% 18.5 14.4 127.3
Fig.3(b)  8.65166x10* 357.1 2239 21543
Fig.3(c)  6.774234x10° 488.7 549.5  6738.4
Fig.3(d) 7.049 9x10° 89.7 27.2 280.1
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Tab.3 Statistical result 2

Condition number Std/(")
Fig. of coefficient
matrix Yaw Pitch Roll
Fig.4(a) 8.651 66x10* 32.1 14.7 2114.9
Fig.4(b)  6.774234x10° 168.2 198.3 5902.6
Fig.4(c) 7.049 9x10° 36.8 25.2 278.1
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Fig.4 Star image distribution 2
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Fig.5 Star image distribution 3
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Tab.4 Statistical result 3

Condition number

Std/(")
Fig. of coefficient
matrix Yaw Pitch Roll
Fig.5(a) 865 166x10* 12.7 4.6 692.5
Fig.5(b) 677 423 4x10° 56.3 67.2 2191.3
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