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A New Fuzzy Impulsive Control of Chaotic Systems Based

Abstract—In this project, fuzzy impulsive control is used for
stabilization of chaotic systems based on the Takagi—Sugeno
(T-S) model. The stability issue of the general nonlinear
impulsive control system is first investigated via comparison
criterion. Then, a novel impulsive control scheme is presented
for chaotic systems based on the T-S fuzzy model. Some
sufficient conditions are given to stabilize the T-S fuzzy
model. The simulation results will be proven to be less
conservative theoretically and numerically. Moreover, it is
also estimated the stable region of the impulsive interval.
Finally, the proposed fuzzy impulsive control scheme is
successfully applied to stabilize R ossler’s system and Chua’s
circuit. The numerical simulations demonstrate the
effectiveness and advantage of main results.
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. INTRODUCTION

The Takagi-Sugeno (T-S) fuzzy model is a kind of fuzzy
system proposed by Takagi and Sugeno [1], which is
described by a set of fuzzy IF-THEN rules to represent local
linear input—output relations of a nonlinear system. The main
idea of the T-S fuzzy model is to express the local dynamics
of each fuzzy rule by a linear system model and to express the
overall system by fuzzy “blending” of the local linear system
models. As a result, this model can utilize the well established
linear system theory to analyze and synthesize a highly
nonlinear dynamic systems. A highly nonlinear system can
usually be represented by the T-S fuzzy model [1]-[3].
Especially in [4]-[6], the authors have widely used the T-S
fuzzy model for the control of chaotic systems. Lian et al.
represented some well-known chaotic systems by T-S fuzzy
models in [7] and designed some locally linear controllers for
the synchronization and secure communication of these
chaotic fuzzy systems based on a different driving signal.
Hence, linear system theory can be easily used to analyze
chaotic systems by means of T-S fuzzy models at a certain
domain [8], [9]. Manuscript received November 2, 2009;
revised May 10, 2010; accepted September 30, 2010. Date of
publication November 11, 2010; date of current version April
4,2011. The work of Y. Liu was supported by the Foundation
of the National Natural Science Foundations of China under
Grant 10926066, the National Natural Science Foundation of
Zhejiang Province under Grant Y6100007, and the Zhejiang
Educational Committee under Grant Y200805720. The work
of J. Lu was supported by the Natural Science Foundation of
Jiangsu Province of China under Grant BK2010408, the
Innovation Fund of Basic Scientific Research under Operating

447

on T-S Fuzzy Model

Ms.G.Sravani® P.G Student MREC
Mr.P.Shankar Babu® Associate Professor MREC

Expenses 3207010501, and the Alexander von Humboldt
Foundation of Germany. Y. Liu is with the College of
Mathematics, Physics, and Information Engineering, Zhejiang
Normal  University, Jinhua 321004, China (e-mail:
liuyangd740@ gmail.com). S. Zhao is with the School of
Fundamental Studies, Shanghai University of Engineering
Science Shanghai 201620, China. J. Lu is with the Department
of Mathematics, Southeast University, Nanjing 210096,
China, and also with the Potsdam Institute for Climate Impact
Research, Telegraphenberg, D-14415 Potsdam, Germany.
Digital Object Identifier 10.1109/TFUZZ.2010.2090162
\There are many approaches to analyze the control and
synchronization \of chaotic systems. In [10], adaptive
complete synchronization of two identical or different chaotic
(hyperchaotic) systems with fully unknown parameters has
been stated. Based on the parallel distributed
compensation(PDC) scheme, many results have been obtained
for the synchronization of fuzzy systems [11]. The
fundamental idea of PDC is that a linear feedback controller is
designed for each local linear model. However, there exist
some systems which cannot endure continuous control inputs.
For these kinds of systems, the PDC-based conventional fuzzy
control approach cannot be efficiently utilized. However, an
impulsive control technique displayed great efficiency in
dealing with this kind of problem. There are many examples
where impulsive control can produce better performance than
continuous control, and sometimes, even only impulsive
approaches can be used [12]. For example, a central bank
cannot change its interest rate every day in order to regulate
the money supply in a financial market. In fact, impulsive
control has arisen in a variety of applications, such as orbital
transfer of satellites, ecosystem management, financial
modeling, etc. Recently, impulsive control has also gained
renewed interest for its promising applications in controlling
systems exhibiting chaotic behavior [14]. It was realized that
such a control method can stabilize chaotic systems via only
small control impulses, while the chaotic behavior may follow
unpredictable patterns. In recent years, impulsive systems and
impulsive control have been widely studied by researchers
[12]-[22]. Especially, it has been widely used to stabilize and
synchronize chaotic systems [23], [24]. By integrating the T-S
fuzzy model and impulsive control, several authors have
proposed a fuzzy impulsive controller to control chaotic
dynamical systems [25], [26]. In [27]-[31], the authors have
studied impulsive controllers for chaotic systems by using
Lyapunov functions, which are required to be non increasing
along the whole sequence of the switching. In [32], a unified
synchronization criterion for impulsive dynamical networks
has been presented.
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Il. IMPULSIVE CONTROL OF NONLINEAR SYSTEMS

An impulsive differential system with impulses at fixed moments
can be described by
An impulsive differential system with impulses at fixed moments
can be described by

t#
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Az(t) = z(t*) — z(t") = U(k, z).,

where f: BT x R* — R" iscontinuous, U': R x R" — R" is contin-
uous, x(t) € R" is the state variable, and 0 < £} <ty < --- <t <
ey < - tp —ooask — oo,
Definition 2.1: Let V: R" »x R™ — R then, V is said to belong
to class Vj if
1) V is continuous in (fz_;.f:] x R and for each z € R* .k €
Nt, limu:y.\—ui‘ o Vity) =V (t], z) exists;
2) V is locally Lipschitzian in x.
Definition 2.2: For (t,z) € (ty—y.t;] x R", k € N', we define

D*V(t,z) = lim sup %[V(t +h,z+ hf(t z))—V(t,z)].
h—0+

Definition 2.3: Comparison system: Let V' € 14, and assume that

DtV (t,z) < g(t,V(t,z)),t# tx
Vit,z+U(k,z)) < (V(t,x)),t =tp, ke NT
where g: R* x RT — R is continuous, and ¢;.: R — R is nonde-
creasing. Then
w(t) = g(t, w(t)),t # tx
w(ty) = Yel(w(ty)),t =tr, ke Nt

w(tf) = we > 0

(2)

is said to be the comparison system of (1).

I1l. TAKAGI-SUGENO IMPULSIVE FUZZY MODEL
AND IMPULSIVE CONTROL

we will derive our main results concerning T-S impulsive fuzzy

model and impulsive control. Consider the following chaotic system:

IV. SIMULATION EXAMPLES

In order to verify the performance of the proposed method, two
typical continuous chaotic systems are taken as examples with
numerical simulations carried out.
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i(t) = fla(t)) @
where () € R" is the state variable f € C[R", R"]. The T-S fuzzy
model of (4) can be described by fuzzy [F-THEN rules, where the
consequent parts represent locally linear models for nonlinear systems.
Suppose that T-S fuzzy model is given as follows:

Model rule i:
IF 2, () is M;; and---and 2, (t) is M;,
THEN (t) = A;z(t) + m;(t), i=1,2,....,r

where the premise variables 2, (f), .. ., 2, (t) are proper state variables,
7 is the number of the fuzzy rules, M;;(j = 1,2....,p) are fuzzy sets,
A; are system matrices with appropriate dimensions, and 7}; () are bias
terms, which can be time varying. Then, the final output of the fuzzy
system can be inferred as follows:

i) =) ha(2(t){Asx(t) + mi(2)}
i=1

Raossler’s system
The chaotic Rossler’s system with input terms is described by

@y (t) = —wa (t) — 23(2) + ur (F)
i‘j (f) = I {f) + ar—;{t) + 'LLQ{E’)

This system can be exactly represented by a T-S fuzzy model a:
follows:

Rule 1: IF z, (t) is F} (z (1))

THEN z(t) = A z(t) + u(t)
Rule 2: IF z (t) is Fa (z1 (1))

THEN &(t) = A»z(t) + u(t)

where and

ua (t)]”

2(t) = [z (£), 22 (£), 23 (£)]",

0o -1 -1
1 a 0 - Ap=
b 0 —h

w(t) = [uy (t),us(t)

0 -1 -1
1 a 0
b 0 M
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Fi The simulation of Rossler’s system under fuzzy impulsive control with
Fay
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Chua’s circuit with input terms is described by
T ()
Ea(t) = 21 () — z2(t) + 23 (1) + ua(t)

oy (—zy (t) + za2(t) — fz1(t))) + ui (2)

L

—aaxa(t) + ug(t)

i

e

Fig.1:Simulation Model.
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Fig.2: Simulation Outputs
V. CONCLUSION

The impulsive control technique has been analyzed in the
framework of fuzzy systems based on T-S model. According
to the general asymptotical stability criteria of impulsive
control on nonlinear impulsive systems, we have presented
some new fuzzy impulsive criteria to control chaotic
dynamical systems. In fact, the obtained fuzzy impulsive
criteria can also be used for the synchronization of chaotic
systems. Furthermore, the estimation of the stable region of
the impulsive interval has been given, which is greater than it
was in some existing results. Two simulation results, including
Rossler’s system and Chua’s circuit, have been given to
demonstrate the effectiveness of the theoretic results.
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