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Abstract: The performance of vehicle inertial navigation systems degrades severely in GNSS-denied envi-
ronments. To address this limitation, a starlight - inertial integrated navigation method based on satellite
celestial observation is proposed. Targets (stars and satellites) within the sensor field of view are first iden-

tified through image preprocessing. Attitude is then determined from star measurements obtained by the
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star sensor. Using satellite ephemerides, the satellite position in the Earth-centered, Earth-fixed (ECEF)
frame at the current epoch is computed, and the resulting geometric vector between vehicle and satellite is
formed to establish the measurement equation. By combining this measurement with an inertial navigation
error model, a state equation is constructed and position and attitude estimates are updated via Kalman fil-
tering. Compared with conventional star-only observations, the relatively limited range to satellites per-
mits direct provision of position information from satellite observations, preventing divergence of naviga-
tion position error and enhancing practical applicability. The effect of satellite position error is analyzed
through simulation, which demonstrates that the proposed integrated navigation algorithm achieves high
accuracy. The algorithm was further validated in a static navigation test, yielding a 2-hour navigation posi-

tion error of 41.42 m; across tests with varying initial position errors, navigation position error remained

below 150 m.
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A C¢ is related to astronomical calendars and various effects such as nutation and precession
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Tab.1 Error of integrated navigation system

Error term Error value
Zero bias of gyroscopes 0.01(")/h
Angle random walk 0.001 (*)/h*’
Scale factor error of gyroscopes 25 ppm
Zero bias of accelerometers 40 pg,
Velocity random walk 5 pg,/Hz"’
Scale factor error of accelerometers 20 ppm
The error of star sensor 5"(16)
The error of satellite position 600 m(30)
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