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ABSTRACT

In this paper, a class of uncertain chaotic and-
chaotic systems is firstly introduced and the ¢
observation problem of such systems is explc
Based on the timdemain approach with inted and
differential equalities, an exponential state owse
for a class of uncertain nonlinear systems
established to guarantee the global expone
stability of the resulting error system. Besiddse
guaranteed exponential convergence rate cal
calculated correctly. Finally, numerical simulatk
are presented to exhibit the feasibility ¢
effectiveness of the obtained results.
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1. INTRODUCTION

In recent years, varioushaotic systen have been
widely explored by scholarsee, for example, -8]

and the references therekrequently, chaotic signa
are often the main cause of system instability

violent oscillations.Moreover, chaos often occurs

various engineering systems and applied ph; for

instance, ecological systems, secure commuon,

and system identification.Based on practic:
considerations, not all state variables of mostesys
can be measure&urthermore, the design of the st
estimator is an important work when the sensos.

Undoubtedly, the state observdesign of systems
with both chaos and uncertainties tends to be 1|
difficult than thosewithout chaos and uncertainti

For the foregoing reasons, the observer desig
uncertain chaotic systems is reakygnificant and

essential.

In this paper, the observiibj problem fora class of
uncertain nonlinear chaotic or nchaoticsystems is
investigated. By using the tim#®main approach wit

integral and differential equalitie, a new state
observer for a class afncertainnonlinear systems
will be provided toensure the global exponent
stability of the resulting error system. addition, the
guaranteed exponential convergence rate cal
precisely calculated. Finally, some numer
simulations will be given to demonstrate
effectiveness of the main rdt:

This paper is organized as follows. The prob
formulation and main resulare presented in Section
2. Several numericaimulations ar given in Section
3 to illustrate the main result. Finally, conclus
remarks are drawn in Sectic4. Throughout this
paper, 0" denotes the dimensional real space,

|| =+x" & denoteghe Euclidean norm of trcolumn
vectorx, and |4 denotes le absolute value of a real
numbera.

2. PROBLEM FORMULATION AND MAIN
RESULTS

In this paper, we explor¢he following uncertain

nonlinear systems:

% (t) = AF, (% t) % (£). % (1)),

%, (t) =2, (t) + £ (x (t), %, (t))
)'(3(t)= f3(X3(t))+ f4(X1(t))’ (1c)
y(t)=bx,(t), Ot=0, (1d)
[X’l(o Xz(o) Xs(o)]T = [Xlo X0 Xso]T , (le)

(1a)
(1b)

where x(t):=[x(t) x{) x({t)] 00 is the state vector,
yt)o is the system outpullx, x, x| is the
initial value, Af, is uncertain functionand a,b00

indicate theparameters of the systs, with a<o and
bz0. Besides, n order to ensure the existence
uniqueness of the solution, we assume all the
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functions of af, and f()J0in{234 are smoot and
the inverse function of, exists. Thechaotic sprott E
system is a special case of systdjswith Af, = x,x, ,
f,=x*, f,=1, f,=—-4x, anda=-1. It is a wel-known
fact that since states are not always availabléifect
measurement, particularly in thevemt of senso
failures, states must be estimatedheTaim of this
paper is to search a novstate observerfor the
uncertain nonlinear systenf&) such thaithe global
exponential stability ofhe resulting error systems c
be guaranteed.

Before preseting the main result, the ste
reconstructibility is provided as follov

Definition 1

The uncertain nonlinear systems étgexponentially
state reconstructible if there exist a state olege
f(z2,y)=0 and positive numberg and o such that

Jele)]:=x(t) - 2} < wexpl-at), Ot=o0,

where z(t) representsthe reconstructed state

systems(1). In this case, the positive numkea is
called the exponential convergence |

Now, we are ima position to present the main resi
for the exponential state observemoicertairsystems

().

Theorem 1.

The uncertain systems (1) aexponentially stat
reconstructible. Moreover suitable state observer
given by

Q=130 3w0)}  @a)
5,(t)= az,(t)+ ,((t). () (2b)
Zs(t)Z%y(t), 0t20. (2c)

In this casethe guaranteed exponell convergence
rate is given by :=-

Proof. For brevity, let us define thabserver errc
e(t)=x(t)-z(t)0io{123 andt=0. (3)

From (1d) and (2c), one has
e(t) = %(t) - z(t)

=Ly~ ()

b/ b
(4)

From (1c), it can be readily obtained

fa0q (1)) = 56(t) - o)

It results that

x(t)= £(5(t) - 1,0 t))

- f;l(% y(t)- f{% y(t)j] -
Thus, one has
e(t)= x(t)-z()
- {20- 120
— f;l(% y(t)- fg(% y(t)D
=0, Ot=0, 6)

in view of (5) and (2a)In additior, from (1b), (1c),
(4), and (6), iis easy to see tr
&(t)=%(t)-2(t)
= [y t) + 1,00, (6). % 0))]
~[az,(t) + 1,z (t) 2]
= [y (8) + £, (6) %, ()]
~[az,(t)+ ,(x (t) %, (0))]
= e, (t)- 2, (t)

= ag(t), Ot=0.

It follows that
&(t)-ae,(t)=0, Ot=0.

Multiplying with exp(-at) yields
%(t)[éxd— at)— ag(t)[e‘exd— at) =0, Ot=0.

Hence, it can be readily obtainedt

dlet)expl-at] _ o isg
dt

Integrating the bounds frow andt, it results
j d [e t) Cexpl- at]
: dt

This implies that
e(t)=e(0)@xpat), Ot=0.

t
dt=j0dt=0, 0t>0.
0

(7)

Thus, from (4), (6), and (Ye hav
lefe)] = Ve t)+e2e) +e3te)
=le,(0) Explat). Ot=0,
Consquently, weconclude thathe system (2) is a

suitable state observer withe guaranted exponent
convergence rate =-a. This completes the pro o
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3. NUMERICAL SIMULATIONS

Consider the uncertain nonlineaystens (1) with
Af, = Ackx,, f,=x7, f,=1, (8a)

f,=-4x, a=-1, b=2, -1<Ac<1. (8b)

By Theorem 1 we conclude that theuncertain

systems (1) with (8) is exponentially stat
reconstructible by the state observer
_loy, 1
2(t)=— ¥+, (9a)
2,(t)=-z,(t)+ Z(t) (9b)
zg(t)=%y(t), Ot=o. (9c)

The typical state trajectory of thencertainsystems
(1) with (8) is depicted in Figure Eurthermor, the
time response of error statssdepicted in Fiure 2.
From the foregoing simulations results, it is sdeat
the uncertain systems (1) with (8je exponentially
state reconstructible by the state obsenrf (9), with
the guaranted exponential convergence a =1.

4. CONCLUSION
In this paper, a class of uncertathaotic and nc-

chaotic systems has been introdu-and the state
observation problem of such sysis has been

studied. Based on the ting®main approach wit

integral and differential equalitiesa novel state g
observer for a class ohcertain nonlineesystems has

been constructed to ensutke global exponenti
stability of the resulting error systenrMoreover, the
guaranteed exponential convergence ratcan be
precisely calculatedFinally, numerical simulation
have been presented to exhithie effectivenesand
feasibility of the obtained results.
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Figure 1: Typical statdrajectory  es of the uncertain nonlinear syste(1) with (8).
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Figure 2: The time response of error states.
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