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Star sensor image motion model and its simulation analysis

Liu Chaoshan, Liu Guangbin, Yang Bo, Zhou Hao
(College of Science, the Second Artillery Engineering University, Xi’an 710025, China)

Abstract: Image motion model on star sensor is an important component of dynamic simulation algorithm
of stars, and it lays the foundation for motion blur modeling simulation of high resolution star sensor.
Firstly, with the help of the normal distribution of static star image energy model, introducing the star
image motion speed, the energy distribution function of moving stars was obtained. Secondly, in order to
obtain the star image motion speed, two solution methods were studied: (1) star image motion model
based on the coordinate transformation, (2) image motion model based on the stellar rotation vector.
Finally, the simulation environment was established. Through adjusting input parameters such as integral
time, rate of change of three attitude angle, the launch time, location, important simulation data of stars
observed by star sensor in orbit could quickly be obtained, such as navigation stars information, value and
direction of image motion, intensity distribution, signal to noise ratio. This work is very important to
study and evaluate the star image motion compensation algorithm.
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Fig.1 Geometry description of image motion
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Fig.2 Image motion computation and simulation
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Tab.1 Coordinates of navigation star in image

plane (mm)
No. 1 2 3 4 5 6
X -2.406 -2.472 -2.539 -2.605 -2.671 -2.738
z 1.201  1.217 1.233 1.249 1.265 1.281
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Tab.2 Image motion(number of pixel), pixel
size 0.025 mm

No. 1 2 3 4 5

M1 2.677 2.678 2.678 2.679 2.68
M2 2.795 2.795 2.796 2.796 2.796
M3 2.726 2.726 2.726 2.726 2.726
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Tab.3 Speed of image motion vy(pixel/s)

No. 1 2 3 4 5

Vex -8.72 -8.72 -8.72 -8.72 -8.72

Vs, 1.96 1.96 1.96 1.96 2.0
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Fig.3 Relationship between pitch angle and image motion
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Tab.4 Gray distribution of moving star image(gray

value ratio of dynamic and static image)

No. 1 2 3 4 5 6
0 0 0 0.001  0.004 0.007 0.003
0.003 0.016 0.039 0.081 0.144 0.179  0.068
0.067  0.243  0.359 0.42 0.433 0.345 0.105
0.105 0.299 0.282 0.192 0.115 0.056  0.013

0.013 0.03 0.018 0.007 0.002 0.001 0
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Fig.5 Ratio of gray value on dynamic and static star image
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