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Backstepping-based relative-attitude control for
the leader-follower spacecrafts

MA Guang-fu, ZHANG Hai-bo, HU Qing-lei
(School of Astronatics, Harbin Institute of Technology, Harbin Heilongjiang 150001, China)

Abstract: An attitude-control scheme based on the backstepping technique is developed for controlling the relative
attitude between the leader spacecraft and the follower spacecraft, and the adaptive control law is applied to deal with the
uncertainties in the follower spacecraft attitude system. According to the current relative positions between the leader and
the follower, this scheme determines the required attitude of the follower to align its observation axis to the leader, and the
required attitude of the follower to track the orbital coordinates of the leader. With the above-obtained results, an adaptive
backstepping attitude controller is synthesized for the follower with unknown inertia matrix, based on the follower attitude-
error dynamic model represented by modified Rodrigues parameters (MRP). Lyapunov stability analysis shows that the
developed controller ensures the relative-attitude control system for globally asymptotical stability. Simulation results of
the application to a spacecraft formation flying show the effectiveness and feasibility of the designed controller.
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Fig. 1 The relationship of the leader spacecraft and
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Fig. 2 The orbital coordinate system of the leader spacecraft
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Table 1 Initial orbital elements of the two spacecraft
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