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Abstract: The underactuated characteristic of surface vessel motion in horizontal plane creates new direction in the
research field of ship steering. Based on the kinematic and dynamic equations of surface vessel in horizontal plane, a set
of second-order dynamic equations are given. Due to its underactuated characteristic, two sub-systems are obtained based
on the diffeomorphism transformation and input transform. The state feedback control laws to form a smooth time-varying
feedback stabilization law with exponentially convergence rate for original system are then derived. The proposed smooth
time-varying feedback stabilization law guarantees all the states of original system to converge to the equilibrium point

exponentially. The stabilization law could be used in the cases of dynamic positioning and auto-mooring for underactuated

vessels. Finally, the effectiveness of the proposed method is illustrated by simulation tests.
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3 4H R4 (Stabilization control laws)
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3.1  by(t) ¥ il H(Stabilization control law for
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Fig. 3 Time responses of the force and torque
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