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Backstepping adaptive sliding-mode control for the straight-line trajectory
system of water-jet-propelled unmanned surface vessels

Liao Yulei, Pang Yongjie, Ma Weijia, Xu Yuru
(National Key Laboratory of Science and Technology on Autonomous Underwater Vehicle,
Harbin Engineering University, Harbin 150001 )
Abstract
A Backstepping adaptive sliding-mode controller was designed for the straight-line trajectory nonlinear control
system of single water-jet-propelled underactuated unmanned surface vessels. The system consisted of the nonlinear
ship response model and the rudder servosystem. The motion response model took account of the modeling errors
and external disturbances. The original system was transformed into a nonlinear system based on the global coordi-
nate transform. A straight-line trajectory adaptive sliding-mode control law was proposed based on the sliding-mode
control theory and the Backstepping method. By means of the Lyapunov function, it was proven that the proposed
control law can render the straight-line trajectory control system globally, asymptotically stable. The simulation re-
sults verified that the controller was robust to the systemic variations or disturbances.
Key words : underactuated, unmanned surface vessel (USV) , trajectory control, sliding-mode control, Back-

stepping method, water-jet-propelled
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