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Abstract:

The new chaos control method presented in this paper is useful for taking advantage of chaos.

Based on sliding mode control theory, this paper provides a switching manifold controlling strategy of chaotic

system, and also gives a kind of adaptive parameters estimated method to estimate the unknown systems’ pa-

rameters by which chaotic dynamical system can be synchronized. Taking the Lorenz system as example, and

with the help of this controlling strategy, we can synchronize chaotic systems with unknown parameters and

different initial conditions.
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INTRODUCTION

Chaotic motion is a complex nonlinear mo-
tion, whose orbits trajectory in the phase plane is
very complex but not stochastic. Chaos plays an
important role in dynamical systems and is ap-
plied in many fields such as physics,; chemistry,
economics; and so on (He et al., 2002; Tong
et al., 2002). The dynamical characters of
chaotic motion have been proved to be useful in
describing and diagnosing nonlinear dynamical
systems. Research on applications of chaos in
communications has been motivated by the ob-
servation that chaotic systems can be synchro-
nized,
converted to a remote receiver by means of a
wideband chaotic system. Nowadays>

with basic idea that information can be

chaotic
synchronization is widely applied in secure com-
munication systems, biomedical science, chemi-
cal reactor, and so on. People gradually bring
out some theories and methods on chaotic syn-
chronization, such as error-feedback synchroni-
zation strategy (Leung et al .>1993; Lai et al . >
1993), Pecora-Carroll methods ( Pecora et al .
19910, and so on. Recently, Kolumban G.
proved the reality and superiority of chaotic syn-
chronization in secrecy communication at the
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theory and experiment level, which makes re-
search on chaotic synchronization more practical
in application ( Kolumban et al ., 1998) .

The switching manifold method( Fang et al . »
1999) was based on chaotic synchronization.
Taking coupling Lorenz systems as example and
using nonlinear control strategy, they researched
synchronization control problems under different
initial conditions of chaotic dynamics systems
whose parameters are known. In this paper, we
apply adaptive parameters estimated method and
switching manifold method to synchronization
systems, and achieve control of chaotic systems
whose parameters are unknown.

DEFINITION OF CHAOTIC SYNCHRONIZATION

Consider two continuous-time chaotic sys-
Al
tems >

.:X :f(X’ {Ci})’ t =1,2,°*5n 1>
Y = g( Y, {C,j,}) —+ Bu, l = 1,2,"',n
(2

Where X = (xl, X9 °tcy Xy ) and Y = (y17 Y2
***, ¥, ) are n-dimensional state variables whose

evolution are described by the function f = (f;,
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Srrofu) and g=Cgis gt g, )3 e ) are
the parameters of the system (1) and {¢;” } are
the system parameters which need to be estimat-
ed; B is the control matrix; u is the control in-
put.

The systems are said to synchronize if

llrorclH y(e)—x() || =0 3>

for any combination of initial states x (0) and

y(O).

UNCERTAIN PARAMETERS ESTIMATION

If the system state variables X = Cx;, x5,
5,0 and ¥ = Cyps 955 =5 9, ) are known,
we estimate the system’ s unknown parameters in
terms of the variable errors between two systems.
Define error e; as follows

e =Y, — X, 1=152,"""sn (4)

With the aid of adaptive control theory
(Maybhate et al.> 1999), we use the descend
method introduce the time series signal x;, y; to
identify the system’s unknown parameters .
Theorem 1 Suppose function f(x) and g(x)
of system > is continuous and can be of differ-
ential, and suppose the Jacobian matrix is of
bound and continuous, the systems uncertain
parameters can be estimated in the following
form

¢ = —8Cy () - x( I

30 (5

where ¢’ is the system’ s unknown parameter and
0 is the control factor of the system.
Proof: Define the dynamical error as

ECe ) =Cy(e) —x(1D))?=e*  (6)

We note that if ¢’ takes precisely the value
of ¢, then the systems are synchronizing. We
have y(t)—>x(t) and E—>0, as time t—> o .
The error £ and system’ s unknown parameters
has the following relationship

" (:)E(C,’t)

oc — I D)

Input error E into the above equation
IECc 5 t) - Iy, Ct)
T=26 e=2Cy(t) —x(t)) —5
(8

Furthers
( dy; ()

dc’

to the lowest order in d¢, Ay; =

) *Ac’dt. Eq.(7) can be written as

¢ oc —CyCe) = x()) D)

Ig
¢’

Sos we have

100

&= =50y~ (1))

where 6 is a proportionality constant.

CHAOTIC SYNCHRONIZATION SCHEMES

Chaotic steady-state solutions are character-
ized by sensitive dependence on initial condi-
tion: trajectories of two identical autonomous
continuous-time dynamical systems starting from
slightly different initial conditions quickly be-
come uncorrelated. It is nevertheless possible to
synchronize these systems in the sense that a tra-
jectory of one asymptotically approaches that of
the others.

For synchronization purpose, the design of
controller © (#) is very important. Based on
sliding mode control theory, the first step is to
find a suitable switching manifold, then to de-
sign an effective nonlinear control to drive the er-
ror state to move towards this stable manifold. So
the system’ s state error {e;» i =1,2,°**, n} ap-

proximate to zero» and we can realize the system

synchronization.
Select the switching manifold to be in the
form
w=fCe) 1
In order to achieve the control aim, this form

needs three implied conditions (A, B, C):

A. e=0;
B. wew <0;
g
C. 5% 0, almost everywhere (near e =

du
0).

In order to minimize the system error and let
the controller be effective near e = 0, Condition
(C) is put into use. The chaotic dynamical sys-
tem can be synchronized if the controller can sat-
isfy the above conditions.
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CONVERGENCE CONDITION

Combining system error Cy; — x;5 v, — 255
***5 ¥, — x, ) with uncertain parameters errors
(¢’ = ¢)s we can form a new variable
Z=(21722,"" zn,’zn+l)= (}’1 — X152 — Xp>

°'°’yn _x"’cl - C)
Therefore
z.: C(Z)

In order to discuss the stabilization of the sys-
tem at fixed point z, = 0> nonlinear function ¢

(12

(z) can be evolved as Taylor progression near
fixed point z, = 0.

Z.=J'(z—ze)+R(z)

where R(z) is the high rank derivative item of
the evolving expression, J is the Jacobin ma-
trix.

According to nonlinear control theory ( May-
bhate et al.> 1999), the nonlinear system can
be stabilized if all of the eigenvalues of Jacobin
matrix J have negative real parts.

In order to stabilize the chaotic synchroniza-
tion system> we can solve the eigenvalues of Ja-
cobin matrix J at fixed point z, =0, so

Ai:Ai(S’x,y) 1=1,2,°""

where A;» i =152, ""
values of Jacobin matrix J, & is control factor.

Let all of the real parts of eigenvalues less
than zero

e 2,(85x,y)} <0

(13>

sn>n + 1

*sn>n + 1 are the eigen-

t=1,2,°"

snsn + 1

(14

Therefore; we can get the convergence condi-
tion.

SIMULATIONS AND DISCUSSION

The Lorenz system is taken as examples to il-
lustrate the proposed control method

x| = —a(x] —xz)

(15>

x2=px] — Xy — X1X3
x3=x]x2—bx3

where Cx,, x5 x3) form the state space and (o>

p» b)) form the three-dimensional parameter

space. When ¢ = 10, p =28, b = %, the

Lorenz system is chaos.
Add a controller into the right-hand side of
the first equation of the Lorenz system, so

}:"1: —a(yl—y2)+u
Y2 = —By1i—y2—yiysu
Y3=Y1Y2—7¥3

(16>

where Cy 5 y,5 y3) are the new state variables
and Ca> B> ¥ ) are the unknown parameters. u
is the controller.

According to Theorem 1, the equation for
evolution of the Ca > IE ¥ ) can have the forms

=00y (o) — 2, Ce Do (1) — 2, (D)

=80y (D — 2, Ce Dy (i)

a
B an
Y

Under the control of u> we can choose prop-

erly & to realize a—>o,>3—>p> 7—>b> as time ¢
— oo . To Lorenz system> choose

wCe) = bey — el =0

18

Obviously, the above equation implies e = 0.
From Eqs.(15) and (160, we have
é1=9.’1—9'€1=a(€2—€1)+
(o‘—a)(xl—xz)+u
32=}"2—9'€2=€1(;8—x3)+
(B—e3)x; —e, — e e; (19)
€3 =Y)3 —X3=x1€ — Ye3 —
Cy—b)xy+e,Cey + x50

From Eq.(19), we have

ﬁ/:bé3—2elé1 =(b-2a)dejey + Ra — et —
bCy —bdxs +2e,Ca—0)(xy — x,) — wy +
200

bCxiey +e;x,) —2eju

_ Jw
From the above equation> we have FIia 2eq>
C

which satisfy the Condition (C) .

The aim of design controller u(¢) is to make
w in Eq. (20) tend to be zero, so the design
must follow this principle: the driving variable
error {e;»i=1,2,3} gradually tends to be sta-
ble switching manifold. We choose controller in
the form

u=Cy2—adle, —e) Q1D

where ¥ >0. When t—> o, ¢;—>0; ¢,—>0; a—
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o» Y—>b, at this time

bCeixy + x1e) +2Ca —c)e; Cxy — xy) —
b(}/— b)X3_>O

So

w=>bCe xy+x10,) +2Ca—6)e;(xy — xy) —

bw—bCy = b)xs—w = — bw (22>

From the above equation> we choose the control-
ler to be of the form in Eq. (21), when w =0,
w = — bw =0, Condition (B) can be satisfied.
To demonstrate the effectiveness of the de-
veloped control method, we have taken Eq.
(21) as the controller; and studied numerical
simulation for synchronization of the coupling

Lorenz To solute the differential
equation, we use 4-order step-varying Runge-
Kutta method. The initial conditions of Eq.
(15> is (0.01, —-0.01, 0.05), the initial
conditions of Eq.(16) is (2.2,1.01,2); the
control factor § =3.3. In Eq. (16), we choose
the initial values of the relevant parameters as «
=6~ =13+ ¥ =0.2. The simulating results
are shown in Fig. 1. Fig. la are the curves of
system variale errors e;» €55 e3. Fig.1b are the

system.

curves of estimated parameters errors a — o> 3 —
0> 7 — b. Fig.la show that we can make the er-
ror {e;> i =1,2,3} be zero rapidly under the
control of u(¢); and that the transition process
is very short.

9 487 ‘1 [ I T T T 50 T T T T
I
37.
10 — 0 ———
! — € T T
2f ok i a
S -
22,479 . a6k o
30 20 20 %0 ' -50 L 1 ! !
. 80 100 0 20 40 60 80 100
(@) .
(b)
Fig.1 The outputs of the synchronization system
(a) System Variable errors e, e, e3; (b) Parameters errors
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