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Adaptive Backstepping Attitude Tracking Control for Spacecraft on SO(3)
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Abstract: An adaptive backstepping control scheme is proposed to address the problem of attitude tracking control
of rigid spacecraft. First, considering model uncertainties and external disturbances, a non-negative potential function is
introduced to describe the attitude tracking error, and the relative attitude dynamics equations are developed on the
special orthogonal Lie group SO (3) , where singularities and unwinding problems associated with other attitude
representations such as modified Rodriguez parameters (MRPs) or quaternions are avoided. By designing an adaptive
law to deal with the system total disturbance, the proposed controller can guarantee the ultimately uniformly bounded
convergence of the closed-loop system, whose stability is proved strictly by using the Lyapunov theory. In addition, the
designed adaptive control law can effectively deal with the total disturbance of the system. Finally, numerical
simulations are carried out on spacecraft attitude tracking scenarios. The results demonstrate that, compared with the
traditional proportion-derivative (PD) controller, the designed controller can effectively improve the control
performance.
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