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Abstract The Earth is the largest visible celestial body on the moon, whose range of motion on

the celestial sphere is small. Moreover, it has no phenomenon of rise and set. When lunar rover is

exploring on the moon surface facing toward the Earth, the Earth sensor can be used to photograph

the Earth, thus achieving long term autonomous celestial navigation. Geocentric position extraction

algorithm for Earth image is one of the key techniques of celestial navigation using Earth sensor,

which directly determines the precision of the sensor�In this paper, the Earth imaging law is analyzed

by studying the projection model of Earth sensor lens. An algorithm for extracting the geocentric
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position of the Earth sensor image free from Earth phase change is presented. Two steps are proposed

to realize full screening of the real edge of the Earth, including semi search method and cyclic

search method, and then geocentric position can be fitted. The semi-physical simulation experiments

show that the algorithm can effectively extract geocentric positions for different phase images and it

earns the external average accuracy of 9.78′′∼16.68′′. Under the circumstance of random change of

experimental conditions, the maximum difference of standard deviations of external accuracy exceeds

no more than 0.98′′.

Key words Celestial navigation, Earth sensor, Earth phase, Geocentric position, Semi-physical

simulation
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Table 1 External accuracy statistical results
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c 2 UVRhij
Table 2 Experimental statistical results

	�fi �[i fj/m 	b�
/(′′) 	c�
/(′′) ���
/(′′) ���/(′′)

	� 1 11 1.32 15.75 3.73 10.14 3.84

	� 2 12 1.12 13.89 2.12 9.78 3.23

	� 3 10 0.97 17.23 1.89 13.20 4.14

	� 4 13 1.57 18.12 5.23 12.11 3.19

	� 5 11 1.79 16.10 5.13 11.73 3.55

	� 6 14 2.04 19.12 3.23 16.68 4.17

	� 7 12 2.27 18.21 4.21 13.23 4.06

	� 8 11 2.46 14.31 6.43 10.92 3.28

	� 9 13 2.69 18.23 6.32 14.43 3.53

	� 10 14 2.81 16.76 5.29 12.39 3.65

� 9 ���
�
�i_j
Fig. 9 Influence factors of Earth center

extraction accuracy
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