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Fig. 1 The relationships of control effectiveness (K,,/K, ) to the ratio
of parameter disturbance (by/b) for the first DOF of the system

(where K, for minimax control and K, for nominal control)
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Fig.2 Time history of the system displacement and velocity

(where dashed line for uncontrolled system,

while solid line for minimax controlled system )
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STOCHASTIC OPTIMAL CONTROL OF UNCERTAIN
QUASI-HAMILTONIAN SYSTEMS®
Hu Rongchun  Ying Zuguang'  Zhu Weiqiu
( Department of Mechanics, School of Aeronautics and Astronautics, Zhejiang University, Hangzhou 310027, China)
Abstract In this paper, a stochastic minimax optimal control strategy for uncertain quasi-Hamiltonian systems is pro-

posed based on stochastic averaging method, stochastic maximum principle and stochastic differential game theory.
Firstly, the partially averaged 1t6 stochastic differential equations are derived using the stochastic averaging method for
quasi-Hamiltonian systems, while the system state transits from rapid variable of velocity and displacement into the
slow variable of energy. Secondly, the stochastic optimal control of Hamiltonian system with a given performance index
is converted into a minimax control problem based on the stochastic differential game theory. Thirdly, forward-back-
ward stochastic differential equations of the system and the adjoint process were established according to stochastic
maximum principle. The worst disturbances are generated by minimizing the Hamiltonian function, while maximizing
the minimal Hamiltonian function results in the worst-case optimal controls. The worst disturbances and the worst-case
optimal controls are then substituting into the partially averaged Itd equation in order to obtain the fully averaged Ito
equation. The responses of controlled system are predicted by solving the Fokker-Planck-Kolmogorov (FPK) equation
associated with the fully averaged Itd equation. Meanwhile, the control effectiveness can also be computed. Finally,
the proposed stochastic optimal control of uncertain quasi-Hamiltonian system is applied into a two-DOF nonlinear sys-

tem. The effectiveness of the minimax control strategy is validated by numerical results.

Key words Hamiltonian system, uncertainty, minimax optimal control, stochastic maximum principle,

stochastic averaging method
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