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An Adaptive Kalman Filter for Mars Spacecraft Acquisition Phase

NING Xiaolin', LI Zhuo', HUANG Panpan’, YANG Yuqing', LIU Gang', FANG Jiancheng'

(1. School of Instrumentation Science & Opto-electronics Engineering, BeiHang University (BUAA), Beijing 100191, China;
2. School of Civil and Environmental Engineering, University of New South Wales, Sydney 2052, Australia)

Abstract: Celestial navigation is an energy saving and efficient way of autonomous navigation for deep space probes. Kalman
filter has been successfully applied in the Celestial navigation system. During the acquisition phase, due to the complex dynamic
environment, unmolded acceleration error and the ephemeris error etc. may cause the statistics of process noise uncertainty. To
overcome the problem, a method named AQSCKF based on the trend of the innovation sequences and residual sequences to scale
the process noise covariance matrix is proposed in this paper. In the first place, it calculates the scale factor based on the innovation
and residual separately. Then, by comparing the trend of the two factors, the scale factor of the new method is set as the average. In
addition, the navigation performance of traditional SCKF, the method only using innovation or residual to scale Q and AQSCKEF is
also compared by simulation. The simulation results show that the new method yields better performance than the traditional methods

in solving the problem caused by the uncertainty of the process noise, furthermore it also shows a good stability.

Key words: adaptive filter; celestial navigation; process noise; Kalman filter
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Study for Celestial Speed Detection of Integrated Navigation in Deep Space

Exploration

NING Zongjun', LIDong', DAI Yu’

(1. Key Laboratory of Dark Matter and Space Astronomy, Purple Mountain Observatory, Nanjing 210008, China;
2. School of Astronomy & Space Science, Nanjing University, Nanjing 210093, China)

Abstract: The main idea of autonomous navigation based on velocity measurement is to detect the on-sight speed of the star in
the space when the satellite sees it using the spectrograph. The Sun is one of the most important observation targets in space. In this
paper, we analyze the data of the space-born spectrograph to observe the Sun at five different positions. Each data set has a period
of about one hour. Using the Gaussian profile fitting, we can get the intensity, width and speed. The mean speed is about 10 km/s

with a standard deviation of 3 km/s, which is caused by the small scale activities on the solar surface.

Key words: integrated navigation; high resolution; astronomy speed-detection

[R5



