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ABSTRACT—In this paper, the mathematical properties of the proportional Takagi-
Sugeno (T-S) fuzzy controller are first investigated. Based on these properties, the L2-
stability of the fuzzy control systems, in which the proportional T-S fuzzy controller is 
utilized, is analyzed by using the well-known circle criterion. A sufficient condition with 
elegant graphical explanation in the frequency domain is next derived to guarantee the L2-
stability of the fuzzy control systems. Finally, the proposed sufficient condition is 
examined with two numerical simulations. 
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1.  INTRODUCTION 
The Takagi-Sugeno (T-S) fuzzy model [1] is a landmark in the history of fuzzy control 

theory. For a given T-S fuzzy model, a fuzzy controller design method named Parallel Distributed 
Compensation (PDC), has been proposed by Sugeno and Kang [2]. The corresponding stability 
analysis is made in one of their papers [3]. More relaxed stability conditions are proposed in [4] 
and the references therein. For the recent results on the stability analysis of the T-S fuzzy control 
systems, refer to [5] [6]. In addition, the research on the robust control design and robust stability 
analysis are also reported in [7] [8]. Almost all the fuzzy control issues, such as stability analysis, 
systematic design, robustness, tracking, and optimality, have been addressed within the 
framework of this T-S model [9]. However, most of these results are in the time domain instead of 
frequency domain. 

As a popular classical control technique, the frequency response methods [10] have been well 
developed and widely used in linear control systems, which are straightforward and easy to follow 
by control engineers. One of the most prominent features of the frequency response methods is 
that they can make use of some graphs, such as the Bode and Nyquist plots of the open-loop 
transfer function, to analyze the overall performance of the closed-loop system. Moreover, these 
graphs can be obtained directly from the experiments. Since a T-S fuzzy model is usually 
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