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ABSTRACT

In this paper, the concept of robust filter is established and the filter
design for a class of uncertain chaotic systems is investigated. Based
on differential and integral inequalities, a linear filter is proposed to
realize the global exponential stabilization of uncertain chaotic
systems. The guaranteed exponential convergence rate can also be
correctly estimated. Besides, some numerical simulations with circuit
realization are provided to show the capability and feasibility of the

obtained result.
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1. INTRODUCTION

The development of noise filters has always been an
urgent task for engineers and scholars. In the past ten
years, related documents have proposed various
methods of filtering noise; see, for example, [1]-[8]
and the references therein.

In this paper, we will firstly propose a new concept
about robust filter and a filter design for a class of
uncertain chaotic systems will be developed to
guarantee that the resulting signals can converge to
zero in some exponential convergence rate.
Furthermore, the guaranteed exponential convergence
rate of the closed-loop system can be correctly
estimated. Finally, some numerical simulations are
given to exhibit the effectiveness of the main results.

Throughout this paper, 0" denotes the n-dimensional
Euclidean space, |x| denotes the Euclidean norm of

the vector xO0O",

a| denotes the modulus of a real
number a, and A, (P) denotes the minimum
eigenvalue of the matrix P with real eigenvalues.
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2. PROBLEM FORMULATION AND MAIN
RESULTS

Consider the following uncertain chaotic systems

with single input described by

X, =Dagx, +Dayx, +Aa7x32 > (Ia)

X, = Aa,x, +Aayx, + Aa,x,

-Dagxx, +u,

(1b)

X; =Dagx, + Dagx, +Nagx,x, —Da,x,x,, (1¢)

where x(t):=[x() x() x()] T3> is the state vector,
u(t)00 is the control input, and Ag,, 0:i0{1,2,---.9} are
uncertain parameters with

Aq|<a, 0iD{1,23,-7}, (1d)
Dag < -1, <0, May < -1, <0. (le)

Remark 1: It is worth mentioning that both of Lii
chaotic system and Chen chaotic system are special
cases of uncertain systems of (1). Besides, the typical
state trajectories of Lii chaotic system and Chen
chaotic system are depicted in Fig. 1 and Fig. 2,
respectively.
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Before presenting the main result, we provide a
definition as follows.

Definition 1: The system (1) is said to be globally
exponentially stable if there exist a control u and
positive numbers a and k, such that

|x()|<ke, Or=0, i0{12.3}.

In this case, the positive number a and control law
of u are called the exponential convergence rate and
robust filter, respectively.

The goal of this paper is to search a simple robust
filter such that the global exponential stabilization of
uncertain chaotic systems of (1) can be guaranteed.
Besides, an estimate of the exponential convergence
rate of such stable systems is investigated.

The main theorem of this paper is stated as follows

Theorem 1: The uncertain chaotic systems of (1) is
globally exponentially stabilizable at the zero
equilibrium point by the linear filter

u=-rx,, (2a)

with

r>;3+(;1+;2)2+(;4+“_5)2. (2b)
4r, 4r,

Meanwhile, the guaranteed exponential convergence
rate is given by A, (P), with

P _(a12+a2) 0
—\a +a_ — —\a +a_
P= 1 2 r—a 4 311 .(3
2 > 2 )
—! + ’
0 a42 % r

Proof. It can be readily obtained that det([r;])>0,

’ - (al +a_2)
l . .
det (: _) 2 >0, and det(P)>0, in view

r,—a
2 "4
2

of (1d), (1e), and (2). This implies that the matrix of
P 1s positive definite. Let

w)=x()+250)+x56). @

The time derivative of W(;) along the trajectories of
the closed-loop system (1) with (2)-(4), is given by

dwit
d—() =2x, [Aalgxl +Aa,x, + Aa7x32]
t
+2x, [Aale +Aa,x, +Aa,x,
—Dagx,x; — rxz]
+2x, [Aa5x2 +Aayx, + Dagx,x,

- Aa7x1x3]

< 2nrx) + ZQAa1| +|Aa2|)x1||x2| + 2|Aa3|x§
2 ] - 22 -2
< 217 + 20+, |+ 20,2
+olay v o2 - 2n
R A
+2la, +a_5 x2||x3| -2r,x;
-2\r —a_3 ]
=-2x"Px
<2, (P
=24 (PW(),0r>0.

Therefore, we have
P 7 (1) + 2P )

= %[e”‘“‘" (P) EW(t)] <0,0¢20.

It follows that

j'i[e“mm Pk D}V(t)]dt

o dt

= a0k iy ()= )

stdt:o, O¢20. (5)
0

Thus, from (4) and (5), it can be readily obtained that
@) =wl)s e Pw(o), Drzo0.

Consequently, we conclude that

This completes the proof. O

3. CIRCUIT IMPLEMENTATION WITH
NUMERICAL SIMULATIONS

Example 1: Consider the system (1) with

a,=36,a, =0,a, =28,a, =a, =1, (6a)

ag=a; =2,1, =351, =3. (6b)

It can be readily obtained that

worslara)  luraf
o4 4r,

Consequently, by Theorem 1 with the choice r =38,
we conclude that the system (1) with (6) and
u=-38x,, is globally exponentially stable. In this
case, from (4), the guaranteed exponential
convergence rate is given by

A (P)=0.2946.

The typical state trajectories of the feedback-
controlled system are depicted in Fig. 3. Besides, the
control signal and the electronic circuit to realize such
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a control law are depicted in Fig. 4 and Fig. 5,
respectively.

4. CONCLUSION

In this paper, the concept of robust filter has been
established and the filter design for a class of
uncertain chaotic systems has been studied. Based on
differential and integral inequalities, a linear filter has
been developed to realize the global exponential
stabilization of uncertain chaotic systems. The
guaranteed exponential convergence rate can also be
correctly estimated. Besides, some numerical
simulations with circuit realization have been
provided to show the capability and feasibility of the
obtained result.
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Figure 1: Typical state trajectories of Lii chaotic

system.
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Figure 2: Typical state trajectories of Chen
chaotic system.
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Figure 3: Typical state trajectories of the
feedback-controlled system of (1) with (6) and £ 5

u=-38x,.
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Figure 5: The diagram of implementation of
Example 1, where R1=10kQ and R2 =380kQ.

@ IJTSRD | Unique Paper ID — IJTSRD49111 | Volume -6 | Issue—1 | Nov-Dec 2021 Page 1738



