International Journal of Innovative
Computing, Information and Control ICIC International (©)2012 ISSN 1349-4198
Volume 8, Number 1(A), January 2012 pp. 403-418

DESIGN OF STABLE AND QUADRATIC-OPTIMAL STATIC OUTPUT
FEEDBACK CONTROLLERS FOR TS-FUZZY-MODEL-BASED
CONTROL SYSTEMS: AN INTEGRATIVE
COMPUTATIONAL APPROACH

WEN-HSIEN Ho', SHINN-HORNG CHEN?, I-TE CHEN?, JyH-HorRNG CHOUZ**

AND CHUN-CHIN SHU?

IDepartment of Medical Information Management
3Center for General Education
Kaohsiung Medical University
No. 100, Shi-Chuan 1st Road, Kaohsiung 807, Taiwan
{ whho; itchen }@kmu.edu.tw

2Department of Mechanical Engineering
National Kaohsiung University of Applied Sciences
No. 415, Chien-Kung Road, Kaohsiung 807, Taiwan
shchen@cc.kuas.edu.tw

4Institute of System Information and Control
National Kaohsiung First University of Science and Technology
No. 1, University Road, Yenchao, Kaohsiung 824, Taiwan
*Corresponding author: choujh@nkfust.edu.tw; u9516815@nkfust.edu.tw

Received September 2010; revised January 2011

ABSTRACT. By integrating the stabilizability condition, the orthogonal-functions approach
(OFA) and the hybrid Taguchi-genetic algorithm (HTGA), an integrative computational
method is presented in this paper to design the stable and quadratic-optimal static out-
put feedback parallel-distributed-compensation (PDC) controller such that (i) the Takagi-
Sugeno (TS) fuzzy-model-based control system can be stabilized, and (i) a quadratic
finite-horizon integral performance index for the TS-fuzzy-model-based control system
can be minimized. In this paper, the stabilizability condition is proposed in terms of
linear matriz inequalities (LMIs). By using the OFA and the LMI-based stabilizability
condition, the stable and quadratic-finite-horizon-optimal static output feedback PDC' con-
trol problem for the TS-fuzzy-model-based dynamic systems is transformed into a static
constrained-optimization problem represented by the algebraic equations with constraint
of LMI-based stabilizability condition, thus greatly simplifying the optimal static output
feedback PDC control design problem. Then, for the static constrained-optimization prob-
lem, the HTGA is employed to find the stable and quadratic-optimal static output feedback
PDC controllers of the TS-fuzzy-model-based control systems. A design example of sta-
ble and quadratic-optimal static output feedback PDC controller for a nonlinear inverted
pendulum system controlled by a separately excited direct-current (DC) motor is given to
demonstrate the applicability of the proposed integrative computational approach.
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1. Introduction. Recently, it has been shown that the fuzzy-model-based representa-
tion proposed by Takagi and Sugeno [1], known as the TS fuzzy model, is a successful
approach for dealing with the nonlinear control systems, and there are many successful
applications of the TS-fuzzy-model-based approach to nonlinear control systems [2-15].
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