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Motion Prediction of Free-Floating Space Non-Cooperative Targets

WANG Qishuai', ZHOU Bangzhao®, LIU Xiaofeng', CAI Guoping'
(1. Department of Engineering Mechanics, State Key Laboratory of Ocean Engineering, Shanghai Jiao Tong University,
Shanghai 200240, P.R.China;
2. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang, Sichuan 621900, P.R.China )
(Contributed by CAI Guoping, M. AMM Editorial Board)

Abstract: Motion prediction of space non-cooperative target is an important issue for spacecraft on-orbit service. With
obtained high-precision motion prediction results, the chaser can plan its motion trajectory to approach the target and then
capture it. A motion prediction method was proposed for free-floating space non-cooperative targets. The core idea of this
method is to identify kinematic parameters of the target’s mass center and attitude dynamic parameters, and then with
dynamic equations for the target to realize the motion prediction. In the identification of the attitude dynamic parameters,
inertia parameters of the target were preliminarily identified firstly, then an adaptive unscented Kalman filter (UKF) was
used to roughly identify the attitude dynamic parameters, and finally the identification precision was further improved
through optimization. In the identification of the kinematic parameters, the parameters were roughly identified firstly with
the optimal attitude dynamic parameters obtained above and the kinematic equations for the target’s mass center, and then
the identification precision was further improved again through optimization. In the end, the effectiveness of the proposed
motion prediction method was verified by numerical simulations. Simulation results indicate that, the proposed method can
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achieve long-time high-precision motion prediction of the non-cooperative target whether the target is in uniaxial rotation or

tumbling motion.

Key words: free-floating space non-cooperative target; motion prediction; parameter identification; UKF; optimization
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Table 1 ~ Setting of the parameters in the numerical simulations

parameter value
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[5 mm, 1°], [10 mm, 2°],

noise levels [0yan, Orot] (Gaussian white noise), and from small to large denoted by S, M, L and XL [15mm, 3°], [20mm, 4°]
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Fig. 4 The histograms of frequency distribution of e;ot(1 087 s), e, (1 087 s) and e,, (1 087 s) in 100 simulations

®2 EAHGTEL T RSB I E TR Mg (BB s)
Table 2 The values of fy, obtained with the proposed method under all working conditions (unit: s)
noise level ke
0 0.01 0.035 0.05 0.1 0.3 0.5 0.8
S 229 2298 2054 2051 2430 2375 2296 1453
M 219 1087 936 935 1228 1075 1162 740
X 346 621 1095 1093 810 811 582 932
XL 932 933 523 621 794 703 478 296

® 3 TEATAAGTEILT TSI Sy i R O I 18] Taverage (A s )

Table 3 The mean observation time Tayerage 0f 100 simulations obtained with the proposed method under all working conditions (unit: s)

noise level ke
0 0.01 0.035 0.05 0.1 0.3 0.5 0.8
S 732.5 701.4 702.8 702.8 708.7 704.2 704.2 700
M 830.2 793.2 784.5 784.5 785.0 783.2 783.1 792.7
X 1159.7 1059.6 1046.2 1046.2 1039.2 1038.5 1038.3 1045.6
XL 1341.7 1305.1 1274.5 1274.5 1277.7 1289.6 1268.6 1277.7
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