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Abstract A non-contact satellite motion parameter identification method is proposed for the derotation of satellites
that roll in space while simultaneously spinning and precessing. The algorithm involves three main steps. First, the
point-cloud registration is used to obtain the pose transformation between two adjacent point clouds, from which the
trajectories of the points in the satellite’s point cloud are obtained. Second, because the points on the spin axis only
rotate around the moving axis, the principal component analysis and circle-fitting method are used to find a point on
the spin axis and thereby determine the direction and position of the precession axis. Finally, the rolling satellite’s
parameters are found by solving a set of nonlinear equations, established based on the relationships between the
overall pose transformation and the two motions. The simulation results show that the proposed method can
accurately identify the motion parameters of a rolling satellite for certain noise levels.
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Fig. 1 Illustration of satellite self-rotation and precession

estimate the

collect transformation search REMIIRE th identify the
(tart )~|tata o —| “betweenthe (| ApOmOn Lt PrECEON L} paiveiersy | --(Cend
S etween the the spin axis by parameters by en
cloud) adjacent point : circle fitting solve equations

clouds

K2 DEBHSHIRAERER

Fig. 2 Flow chart of satellite motion parameter identification algorithm
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Table 1 Identification results under 15 different groups of motion parameters by our method
Ground truth Estimated value
Group P P P P— P ;
w /L) s ] wn /() s 0 /) w /L) s ] wn /() s 0 /)
G1 100 30 20 99.8 30.6 19.7
G2 120 30 40 119.6 30.0 40.0
G3 90 30 40 93.4 30.1 39.8
G4 70 20 20 71.5 19.1 20.3
G5 50 20 20 51.1 19.1 18.4
G6 120 30 20 107.4 26.3 19.4
G7 100 30 20 98.4 31.1 26.1
G8 60 30 30 66.2 30.8 30.6
G9 80 30 20 79.7 29.4 21.4
G10 50 10 30 45.3 10.9 31.1
Gl11 60 30 30 60.1 29.5 29.8
G12 100 20 30 99.6 20.0 30.1
G13 100 40 10 95.8 40.8 10.4
G14 80 30 30 80.0 29.7 30.4
G15 50 10 20 50.1 10.1 19.2
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Fig. 11 Estimated error of each group of three estimated parameters. (a) Angular velocity of precession;

(b) angular velocity of spin; (c) angle of nutation
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Fig. 12 Parameter identification error changes with point cloud noise intensity. (a) Angular velocity of precession;

(b) angular velocity of spin; (c) angle of nutation
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