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Abstract: By taking Mars probing for an example, an autonomous navigation method for a Mars probe
based on the optical observation of Martian moon is proposed. By carrying the Mars probe on an opti-
cal camera, the method uses the camera to take the images for natural satellites of the Mars (Phobos,
Deimos)and their backgrounds in the process of flying to Mars. The star position is used to determine
precisely inertial pointing, then, the autonomous navigation of Mars is completed by obtained right
ascension and declination data from optical observation. The sequential estimation algorithms based on

Extended Kalman Filter(EKF) and Unscented Kalman Filter(UKF) are given. The results show that
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the precision of EKF is similar to that of the UKF, which means that the precision loss of the EKF is
not much in the linearization process. At cruising in the second half, the closer is the camera to Mars,
the higher the navigation precision is. When the distance is (1—5) X 10" km from Mars and the data
interval is set to be 1 min, the navigation accuracy can reach 10— 100 km magnitude, and the speed ac-
curacy is 0. 01 m/s. When the measurement precision is 0. 1", the navigation precision is lowered an
order of magnitude. In addition, the navigation precision of Deimos alone is higher than that of the
Phobos, and both of them to be used will get the highest accuracy. Simulation computation results

show that the autonomous navigation for Mars detectors by the Martian moon optical measurement

can satisfy the requirement of high precision navigation.
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Tab.2 Results of simulation with measuring precision of 0. 1"
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