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Abstract: For ship dynamic positioning system with nonlinear and environmental disturbance, a fractional-order dual-
loop adaptive terminal sliding mode control is proposed. Firstly, the outer-loop sliding mode control is designed to auto-
matically locate the desired position and attitude. The inner-loop sliding mode control is used to control the velocity and
angular velocity. The stability of the system is proved and the convergence time of the sliding mode is calculated. Secondly,
the exponential reaching coefficients of the outer-loop control and the inner-loop control are theoretically analyzed respec-
tively. The chattering reduction of the outer-loop sliding mode and the inner-loop sliding mode are theoretically analyzed
respectively. Through the design of the adaptive control law and the switching function, the system is robust to uncertain
parameters of the dynamic mathematical model and the external disturbance. The results show that the dynamic response
of the designed controller is slightly faster than that of the traditional control, the terminal sliding mode and fractional order
sliding mode. And its overshoot is smaller and its adjustment time is shorter. Finally, the simulation results show that the
designed control strategy is feasible and effective.
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Fig. 7 Vessel speed curve with different A2
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