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Takagi-Sugeno fuzzy models are nonlinear systems described by a set of IF-THEN rules which gives a local
linear representation of an underlining system. Such models can approximate a wide class of nonlinear systems.
They can even describe exactly certain nonlinear systems. Hence it is important to study their stability or the
synthesis of stabilizing controllers.

The stability of homogeneous fuzzy systems has been considered by Tanaka and Sugeno in the discrete-time
case and by Tanaka in the continuous-time case. Two sets of sufficient conditions for stability using positive
definite matrices which satisfy linear Lyapunov equations are known. A natural approach to the design of
stabilizing state feedback controllers is to use the linear subsystems in the IF-THEN rules and is considered by
Tanaka and Sugeno Tanaka et al.. However, the stability of the closed-loop fuzzy system is not guaranteed by
its construction and only some sufficient conditions for stability are given using the stability results of homoge-
neous systems.

Observers for fuzzy systems are also important when we wish to control systems using the output available.
A certain form of observers is proposed and sufficient conditions for the asymptotic convergence have been
given by Tanaka et al.. As is well known, if the system is linear one can combine a stabilizing state feedback and
an observer to obtain a stabilizing output feedback controller. In this case the poles of the closed-loop system

consist of poles of the state feedback closed-loop system and those of the observer. Hence we can design the
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state feedback and the observer independently. This fact is known as the separation principle. However fuzzy
systems are in general nonlinear and it is not known that any form of the separation principle holds. In fact,
Tanaka and Sano gave an example where two positive definite matrices guaranteeing the stability and the
asymptotic convergence of a state feedback closed-loop system and an observer respectively do not directly
assure the stability of the output feedback closed-loop system.

We introduce a natural form of observers, and obtain sufficient conditions for the asymbtotic convergence
which are dual to the conditions for the stability of state feedback closed-loop systems. Thus our observer can be
regarded dual to the state feedback controller. We then consider the stabilization problem by tht output feedback
based on the observer. We assume that a state feedback control and an observer and two positive definite
matrices assuring the stabilizing property and the asymptotic convergence respectively are given. Then con-
structing a positive definite matrix with a positive parameter from the given matrices, we shall show that the
output feedback controller based on the given state feedback and the observer always stabilizes our fuzzy sys-
tem exponentially. In this sense it is shown that the separation principle in the design of output feedback control-
ler still holds for the fuzzy models.

We take a continuous-time fuzzy model but consider a more practical situation where outputs are taken
through analog-to-digital converters (samplers) and control inputs are realized through digital-to-analog con-
verters (zero-order holds) . Our objective is to design stabilizing contollers. This is called a sampled-data control
problem. A classical way to treat this problem in the linear case is to convert sampled-data systems to usual
discrete-time systems and then apply the discrete-time control theory to obtain desired controllers. Now the so-
called H2 and Heo theories are well-known for sampled-data systems and we can apply them to design descrete-
time stabilizing controllers. However, the fuzzy model is a nonlinear system, we cannot discritize it to obtain a
discrete-time fuzzy model. To obtain stabilizing controllers we follow the approach based on systems with
jumps.

The Hoo control problem is to find a stabilizing controller which guarantees the ratio of the norm of the
system output and the inout disturbance being less than a given number. We introduce Ho© performances
(norms) for stable fuzzy systems and derive sufficient conditions for the norm being less than number. We
consider Hoo problem with state feedback controller and find sufficient conditions for a given controller being
Hoo controller, i.e., a stabilizing controller with required Hoo performance. We also consider Hoo problem with
output feedback controller for the continuous-time fuzzy systems.

The outline of this thesis is as follow . The background and the aim of our study are summarized in Chapter
1. In Chapter 2, we recall some preliminary result concerning stability of linear systems and introduce sampled-
data systems. In Chapter 3, we discuss the output stabilization of continuous-time and discrete-time fuzzy
systems. Chapter 4 deals with the output stabilization of sampled-data fuzzy systems. In Chapter 5, we study H
oo control for continuous-time and discrete-time fuzzy systems. In Chapter 6, we treat Hoo control for sampled-

data fuzzy systems. In Chapter 7, as an application, we show computer simulation results of the stabilization of
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mass-spring system and mass-spring-damper system. We conclude our results in Chapter 8. In Appendix A, we
recall the Regulator problem for sampled-data systems. In Appendix B, we quote the solution of the Hoo prob-

lem for sampled-data systems.
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