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Abstract: To solve the course control problem with input saturation and unknown control direction, a minimal learning
parameter (MLP) based adaptive recursive sliding-mode dynamic surface course control method is proposed in the presence
of the model uncertainties and unknown external disturbances for the unmanned sailboat non-affine course motion model.
The non-affine system is first transformed into a time-varying system with a linear structure using the Taylor expansion
method. The hyperbolic tangent function is used to handle the input constraint, and the MLP is adopted to approximate the
model’ s uncertain part. The problem of unknown control direction is properly solved by using Nussbaum gain function.
Then a recursive sliding-mode dynamic surface rudder control law is designed based on the relationship between yaw
angular velocity and course errors. Moreover, the adaptive law is introduced to estimate the boundary value of neural
network approximation error and compound disturbances. The application of Lyapunov function proves that all signals of
the resulting closed-loop system can be guaranteed the uniformly ultimate boundedness by the proposed controller. The
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external disturbances.
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