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Inverse optimal backstepping control of dynamic positioning ships

XU Haixiang”'?, QU Yang’, YU Wenzhao'”*

( 1.Key Laboratory of High Performance Ship Technology of Ministry of Education, Wuhan University of Technology
Wuhan 430063, China;
2. School of Transportation, Wuhan University of Technology, Wuhan 430063, China )

Abstract: In view of the characteristics of high and low frequency motion in ship dynamic locating
and positioning, an inverse optimal backstepping controller is designed cascaded with a passive filter.
Firstly, the nonlinear equation of the ship is established. Then, the Riccati equation corresponding to
the linear equation is used to carry out the backstepping transformation of the nonlinear equation.
Finally, the adaptive law and the asymptotic stable control law for disturbed environmental force
without modeling are designed based on the Lyapunov function, which meets both the local cost
function and global cost function. This new approach obtains a solution of the optimal control of
nonlinear system in a new direction, avoids solving the Hamilton-Jacobi-Isaacs (HJI) equation in
traditional H.. controller design and simultaneously guarantees the stability of filter and controller.
The influences of error and control weight matrix Q and R on the system performance are discussed,
and the optimal energy consumption during dynamic positioning of ship at slow speed is achieved. The

simulation results of a dynamic locating and positioning ship show the effectiveness of this approach.

Key words: dynamic positioning; passive filter; backstepping transformation; optimal control



