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UPF based autonomous navigation scheme for probe

encountering small celestial body

Li Peng,Cui Hu-tao,Cui Ping-yuan
(Deep Space Exploration Research Center, Harbin Institute of Technology, Harbin 150080, China)

Abstract: On the basis of the optical navigation scheme with objective celestial body information, the
encounter task is realized. The accuracies of orbit determination and ephemeris are improved by using
navigation camera. On this basis, the Unscented Particle Filter (UPF) is introduced to the navigation
scheme to overcome the shortcomings of large initial estimation errors and non-Gaussian distribution
of the state or measurement errors that may exist in the determination of the deep space orbit. Taking
the advantage of UPF in tackling nonlinear and non-Gaussian problems., the disadvantages in the
approximate treatments of nonlinear and non-Gaussian state model and measurement model by
traditional EKF, UKF and PF schemes are also gotten over. The feasibility of the proposed scheme is
demonstrated by numerical simulations.
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Fig.3 X-axis position error curves of UPF scheme
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Table 1 Navigation accuracy comparison of the three schemes
1# 2 /km UKF  PF(N=400) UPF(N=200)
XAl i 2 43. 873 40. 449 37.024
Y o ¥y i 22 1. 0580 0.9118 0. 7642
Z iR 2 2. 6201 2.1908 1.7614
X i SR 22 0.2717 0.1613 0.0510
Y il S 2 0. 2157 0. 2406 0.1923
Z s soR 2 0. 4292 0.3970 0. 0529
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Fig. 4 Y-axis position error curves of UPF scheme
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