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Changsha 410073, People’s Republic of China

Abstract

In this paper, the Mars final approach navigation is fulfilled using radiomet-
ric measurements from ground-based beacons and orbiters. In the navigation
system, the beacons are fixed on the surface of the Mars and orbiters can be
phased to cooperate with the probe. The trajectory of the Mars probe and
the true anomalies of the orbiters are the design variables that should be opti-
mized. The propagation process of the Fisher information in dynamical system
is clarified, and the Fisher information matrix (FIM) at the final time contains
the whole information accumulated from the measurements. The system’s ob-
servability is optimized through maximizing the eigenvalues of the information
matrix. Furthermore, the optimal geometrical configurations with three and
four measurements are analytically solved for the first time. In simulations,
an unscented Kalman filter (UKF) is applied to examine the navigation perfor-
mance in different scenarios in which three and four measurements are applied.
The results show that the position and velocity estimation accuracy can reach
10m and 0.01m/s respectively. The Fisher information increases the most when

the geometrical configuration is in the vicinity of the optimal configuration.
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