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Abstract A robustness control of uncertain switched fuzzy 
systems is presented. Using the switching technique and the 
Lyapunov function method, a continuous state feedback con-
troller is built to ensure that for all allowable uncertainties 
the relevant closed-loop system is asymptotically stable. Fur-
thermore, a switching strategy that achieves system global 
asymptotic stability of the uncertain switched fuzzy system is 
given. In this model, each subsystem of the switched system 
is an uncertain fuzzy system, and a common parallel distrib-
uted compensation controller is presented. The main condi-
tion is given in the form of convex combinations which are 
more solvable. This method transforms a certain switched 
system and has strong robustness for various system para-
meters. Simulations show the feasibility and the effectiveness 
of this method.

Keywords switched systems, fuzzy systems, robust 
control, asymptotic stability, global model, switching law

1 Introduction

A switched system is an important hybrid system, which con-
sists of a family of continuous-time or discrete-time subsys-
tems and a rule that specifies the switching among them. In 
recent years, the stability analysis of switched systems has 
acquired many results [1–5]. For uncertain switched systems, 
the results of robust control are relatively few. In Ref. [6], 
the stability of a class of nonlinear switched systems having 
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disturbances is addressed. In Ref. [7], a robust controller is 
designed for a class of uncertain linear switched systems 
using a common Lyapunov function of nominal systems.

In addition, the fuzzy logical control has emerged as 
one of the most active and fruitful areas. Recently, some 
useful stability analysis techniques have come forth. Linear 
matrix inequality (LMI)-based designs for Takagi-Sugeno 
(T-S) fuzzy systems have sparked a move towards the fuzzy 
control technique [8]. In Ref. [9], the uncertain T-S fuzzy 
model is represented as a set of uncertain linear systems 
and a controller design algorithm is proposed. Specifically, a 
switching static output-feedback fuzzy-model-based con-
troller is designed by solving some LMIs, which are derived 
from the developed local representations.

A switched system is called a switched fuzzy system if all 
the subsystems are fuzzy systems. Comparing the stability of 
switched systems and those of fuzzy control systems, the 
results on switched fuzzy systems are very few. In Ref. [10], 
the combination of hybrid systems and fuzzy multiple model 
systems is described, and a fuzzy switched hybrid controller 
is put forward. In Refs. [11,12], a switching fuzzy model is 
studied. Such a switching fuzzy system model has two levels 
of structure, the first level is a region rule level and the second 
level is a local fuzzy rule level. This model is switching in 
the local fuzzy rule level of the second level according to the 
premise variable in the region rule level of the first level. In 
fact, it is switching according to the same premise variable. 
Stability conditions are given. References [13–15] give some 
extensions based on Refs. [11,12].

A new model of a class of uncertain switched fuzzy 
systems is proposed in this paper. A system of this class is a 
switched system whose subsystems are all fuzzy systems with 
uncertainties. Continuous controllers for all switched subsys-
tems and a switching law are designed to give a robust asymp-
totic stability. In contrast with the existing results, we study 
switched fuzzy systems without the levels of structure. The 
method provides a different premise variable switching 
directly. We design both continuous controllers for subsys-
tems and the switching law while only fixed state-dependent 
switching is considered in Refs. [11–15].
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2 System model

Consider the continuous uncertain switched fuzzy model 
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where M tip
l jr ( )( ) denotes the membership function and jr(t) 

belongs to the fuzzy set Mip
l .

3 Main results

Assumption The admissible parameter uncertainties are of 
the norm-bounded form
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Here, the parallel distributed compensation (PDC) fuzzy 
controller design method is used for every sub fuzzy system 
—the global control
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Then the global model of the ith sub fuzzy system is 
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Theorem 1  Suppose there exists a positive definite matrix 
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where H A B Kij ij ij ii i i i iϑ ϑ= + , then Eq.  (1) is stable under the 
switching law
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Proof  From Eq. (6) we know that for any xc0, it holds 
that
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Thus, the switching law is well-defined by Eq. (7). We 
now compute the time derivative of V(t) = xT(t)Px(t)
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Take D DA B D F E Eil il il il il il[ ] [ ]= 1 2  into Eq. (10), and 
define Hilr = Ail+BilKir. We obtain
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Take Eqs. (3) and (9) into account and we deduce that 
�V<0. Therefore, system (1) is stable under the switching law 

defined by Eq. (7).

4 Simulations

Example Consider a continuous switched fuzzy system as 
follows
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The state feedback gains of subsystems are obtained as
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Then, the system is asymptotically stable under the 
following switching law
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The simulation results with the initial condition [1    1]T are 
shown in Fig.  1.

Fig.  1 The state response of the system according to PDC fuzzy 
controller

5 Conclusions

A model of uncertain switched fuzzy systems has been pre-
sented. Sufficient conditions for stability are given. According 
to these conditions, in order to check the stability, we only 
need to check the stability of a certain combination of sub-
system matrices, which is easy to realize. The stabilizing 
switching laws of the state-dependent form are also 
designed.
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