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Pseudospectral-based free sampling real-time optimal feedback control
and its application

ZHANG You-an!, WANG Li-ying?, ZHAO Guo-rong'

(1. Department of Control Engineering, Naval Aeronautical and Astronautical University, Yantai Shandong 264001, China;
2. Institute of Systems Science and Mathematics, Naval Aeronautical and Astronautical University, Yantai Shandong 264001, China)
Abstract: Owing to fast convergence and high accuracy of Gauss pseudospectral method, we solve nonlinear optimal
control problems subject to constraints by online using the general pseudospectral optimization software (GPOPS). Com-
bining pseudospectral feedback control with nonlinear optimal control, we develop a real-time optimal feedback control
algorithm with free sampling frequency, which continuously generates the open-loop optimal control for closed-loop feed-
back control application. Considering computational errors, model parameter uncertainties and disturbances, and assuming
that the nonlinear vector function in the system state-equation is Lipschitz continuous on states, controls and parameters,
we prove the bounded stability of the closed-loop control systems by using the principle of Bellman optimality. The above
algorithm has been applied to solve reentry guidance problems for hypersonic vehicles. Simulation results show the validity
of the algorithm.
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Fig. 1 The consecutive application of open-loop

optimal control
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Fig. 2 The optimization time of open-loop guidance signals
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