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Fuzzy Adaptive Control Based on MRAS for SISO Nonlinear
Systems with Uncertainty

A. Kazemi?, Msc; N. R. Abjadi?, Associate Professor

1- Faculty of Engineering, University of Shahrekord, Shahrekord, Iran, Email: afshikal0@gmail.com
2- Faculty of Engineering, University of Shahrekord, Shahrekord, Iran, Email: abjadi.navidreza@eng.sku.ac.ir

Abstract: In this paper, a fuzzy adaptive control for SISO nonlinear systems is presented. The nonlinear system is modeled using
Takagi-Sugeno (T-S) model. Then, a fuzzy adaptive control based on reference model (MRAS) is designed to track reference signal.
The parameters of the controller are calculated on-line at each instant. For each bounded input reference signal, the states of the system
follow the states of the reference model. In this paper, first a lemma called extended estimation lemma is introduced and proved. Then,
to select the control law, adaptation law and to prove the overall system stability, this lemma is used. The stability proof of the adaptation
algorithm with system parametric uncertainty is presented fully. Moreover, for two very popular linear systems, using the extended
estimation lemma, adaptive controls are designed. The proposed controller is designed for inverse pendulum nonlinear system and the
performance of the controller is verified with MATLAB software.

Keywords: Parameter estimation lemma, takagi-sugeno fuzzy model (TS), adaptive control based on model reference, nonlinear SISO
systems, parametric uncertainty.
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