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Celestial Star Angle/ Time Delay Measurement Integrated Navigation
Method Considering Ephemeris Error
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Abstract: The time delay based on solar oscillation is a new type of celestial navigation measurement, which can
provide the distance information of the spacecraft relative to the reflected celestial body. Combined with the star an-
gle measurement, it can improve the navigation performance. However, both the measurement model of star angle
and the measurement model of time delay contain the position vector of Phobos relative to Mars. The ephemeris er-
ror of Phobos will affect the navigation accuracy. To solve this problem, a celestial star angle/ time delay measure-
ment integrated navigation method based on online estimation is proposed, and a state model including Phobos posi-
tion and velocity is established. The star angle and time delay measurement are used to simultaneously estimate the
position and velocity of Phobos. The simulation results show that the proposed method can effectively suppress the
influence of the ephemeris error of Phobos on the integrated navigation accuracy, and provide high-precision autono-
mous navigation information for the spacecraft.
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Fig. 1 Measurement model of time delay
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Fig. 2 Ephemeris error of Phobos
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Fig. 3 Celestial star angle/ time delay measurement integrated navigation based on online estimation
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Fig. 4 Navigation results of celestial navigation when the ephemeris error is not considered
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Fig. 5 Navigation results of celestial navigation when the ephemeris error is considered
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Fig. 6 Navigation results of celestial navigation based on online estimation
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Fig. 7 Navigation results of star angle/ time delay measurement integrated navigation
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Fig. 8 Navigation results of star angle/ time delay measurement integrated navigation

when the ephemeris error is considered
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Fig. 9 Navigation results of star angle/ time delay measurement integrated navigation based on online estimation
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