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Control of a Class of Underactuated Mechanical Systems by Using Fuzzy Sliding Mode
Control With Low Computing Volume and Without Chattering

M.R. Soltanpour
! Assoc. Prof., Department of Electrical Engineering, Shahid Sattari Aeronautical Univ. of Science and Technology, Tehran, Iran.

Abstract
In this paper, a fuzzy sliding mode controller is presented for controlling a class of underactuated systems. In
order to present the proposed method, at first, the sliding mode method for a single input-single output
system is expressed. In the following, based on this design method, a sliding mode controller for a class of
single input-multi output systems is presented. The mathematical proof shows that the closed loop system, in
the presence of structured and un-structured uncertainties, has global asymptotic stability. In the proposed
control due to the use of the sign function in the control input, the incidence of chattering is inevitable. For
this reason, a fuzzy system is designed with a small number of fuzzy rules and very low computational
volume and is added to the sliding mode control. The proposed fuzzy sliding mode control eliminates
existing problems and its design is done in such a way as to ensure the global asymptotic stability of the
closed loop system. Finally, to demonstrate the proposed control performance, three-stage simulations are
implemented on the inverse pendulum system. Simulation results show the performance of the proposed
control.

Keywords: Underactuated Systems; Structured and Un-structured Uncertainties; Chattering; Fuzzy System;
Fuzzy Sliding Mode Control.
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* Sliding Mode Control

® Fast Terminal Sliding Mode Control

® Nonsingular Terminal Sliding Mode Control
" Chattering
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