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Longitudinal control of nonlinear supercavitating vehicle based on
extended state observer and backstepping method
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Abstract: The control of a supercavitating vehicle considering the cavitation memory effect is difficult, which is mainly
reflected in the strong nonlinearity of the planing force, time-delay properties in models and unknown perturbations in
motion. For this kind of complex nonlinear system with multiple inputs and multiple outputs, the traditional backstepping
controller is improved to be suitable for longitudinal motion control of supercavitational vehicle. In order to compensate
the unknown disturbances in the system model, a linear extended state observer (LESO) is designed to combine the distur-
bance estimation with the controller design, and the system stability is analyzed by using the Lyapunov method. Finally,
simulations are carried out under different conditions. The results verify the accuracy of the designed LESO for estimating
unknown disturbances, and the effectiveness of the proposed control method for the longitudinal control of supercavitating
vehicles.
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