Vol 11 No 6, June 2002
1009-1963/2002/11(06)/0543-04

Chinese Physics

© 2002 Chin. Phys. Soc.
and IOP Publishing Ltd

Parameter identification and synchronization of an

uncertain Chen chaotic system via adaptive control

*

Chen Shi-Hua([+42)»T, Zhao Li-Min(#X 37 [&)®), and Liu Jie(X] 7%)%
a) College of Mathematics and Statistics, Wuhan University, Wuhan 430072, China

b)Depalri:meut of Electrical Engineering, Shenyang Industry University, Shenyang 100021, China

(Received 30 November 2001; revised manuscript received 7 January 2002)

A systematic design process of adaptive synchronization and parameter identification of an uncertain Chen chaotic

system is provided. With this new and effective method, parameter identification and synchronization of the Chen

system, with all the system parameters unknown, can be achieved simultaneously. Theoretical proof and numerical

simulation demonstrate the effectiveness and feasibility of the proposed method.
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1. Introduction

Starting with the original work of Pecora and
Carrolll!l about synchronizing two chaotic systems in
the so-called drive-response configuration, increasing
interest has been generated in chaotic synchronization
and its practical application in different fields, such
as secure communication, chemical and biological sys-

tems, information science, biotic science and so on.[2]

In order to achieve chaotic synchronization, dif-
ferent approaches have been proposed. The pre-
liminary type of chaos synchronization consists of a
drive-response (or master—slave) system investigated
by Pecora and Carroll. They showed that a necessary
condition for chaotic synchronization is that all the
conditional Lyapunov exponents for the response sys-
tem should be negative. Another type of technique for
synchronization was suggested by Pyragas!¥ to syn-
chronize two chaotic systems A and B using an exter-
nal feedback s(A)-s(B), where s(A) is the output of A
and s(B) is that of B. The third type of method is the
parameter perturbation method which is based on the
Ott-Grebogi-Yorke (OGY)S! scheme for controlling

unstable periodic orbits.

However, the above-mentioned methods and
many other synchronization methods are valid for
a chaotic system only when the system parameters
are known. Achieving synchronization between two
chaotic systems with unknown parameters is far from
being straightforward. There has been little work

on this challenging problem because it involves both

the identification of the unknown parameters and the
design of the controller. Guan et all% applied an
observer to identification of the unknown parameter
of the Lorenz system. Lii et all” studied the same
problem for the Chen chaotic system using the same
method. But since the design of an observer is a task
full of technique and sensitively depends on the con-
sidered dynamical system, the method can be used in
the system with only one unknown parameter. For the
system with many unknown parameters, this method

no longer works.

In this paper, a novel parameter identification
and synchronization method is proposed for the Chen
chaotic system with all the system parameters un-
known based upon the adaptive control. Using this
method, one can achieve chaos synchronization and
identify the unknown parameters simultaneously. Fur-
thermore, this method provides a detailed design pro-
cess for chaos synchronization of uncertain systems
and has wide practical applications in many other
complex dynamical systems with unknown parame-

ters.

2.Problem formulation

The Chen chaotic system was founded by Chen
recently in anti-controlling chaos(® and is relatively
difficult to control as compared to the Lorenz and
the Chua systems, due to its complicated topolog-
ical structure, especially its rapid change in the z-

direction.[”! Furthermore, it has been implemented by
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circuit and has a wide applicable prospect in secret
communication. The nonlinear differential equations

for describing the Chen system are

Ty = a(yy — T4),
Yg = (c —a)zy — x424 + Yy, (1)
23 = zqYq — bz,

having a chaotic attractor when a = 35, b = 3 and
¢ = 28. We denote it as

Xy = f(Xy) (2)

for simplicity.

In practice, the state signals of system (1) could
be transmitted to the response system, but the system
parameters are unknown. Therefore, the goal of iden-
tification and synchronization is to find an appropri-
ate controller U = (uy, usz, u3) and parameter adaptive
laws of &,I;,é, such that the controlled Chen chaotic

system

could be synchronous with the drive system (1) and

lim @ = lim (@ —a) =0,
t—o0 t— oo

lim b= lim (b—b) = 0,

t—o0 t—oco
tll>r20 °= tli)rgo(c —e) =0 (4)

3.Identification and synchron-
ization of an uncertain Chen

system

In this section, a systematic design process of syn-
chronization and identification of an uncertain Chen
It should be pointed out that,

although the process is focused on the Chen chaotic

system is provided.

system with unknown parameters, we believe that the
complexity of the Chen system also justifies the practi-
cal application of the proposed method to many other
complex dynamical systems with unknown parame-

ters.

3.1. Nonadaptive design based upon a nonlin-

ear observer

In the case that the state signals and system pa-
rameters are available, there are many synchronization

methods. We use the method based upon a nonlinear

observer to synchronize the Chen chaotic system. In-
formally, an observer is a dynamical system designed
to be driven by the output of another dynamical sys-

tem. More precisely, for a given dynamical system
Xq=F(Xy) (5)

with an output Z = S(X,;) € R", the dynamical sys-

tem

Xr = F(Xr) + G(Z - S(Xr)) (6)
is said to be a nonlinear observer of system (5), if X,
converges to X4 as t — 0o, where G : R® — R" is a
suitably chosen function.!'®) Moreover, system (6) is
said to be a global observer of system (5) if X, con-
verges to X4 as t — oo for any initial condition X,.(0),
X, (0).[10,11]
Obviously, system (6) is a (global) observer of sys-

tem (3) if the error system

F(Xr) = F(Xg) + G(S(Xq) = 5(X7))
F(X,+e) = F(X,)+ G(S(X,) — (X, +e))
H(e,t) (7)

é

has a (global) asymptotically stable equilibrium point
e =0.

It is known that the control theory offers us no
general method to choose a function G(Z — S(X,.))
such that the nonlinear and non-autonomous system
(7) has a (global) asymptotically stable equilibrium
point e =0. But for the Chen chaotic system, we have
the following theorem.

Theorem 1. For the Chen chaotic system (2), if
Z=8Xy) =((a— Dz, —cygayzg — (c+ 1)y, (b—
Vzy—zzy,)7", G(Z—-S(X,)) = —Z+ S(X,.), then the

dynamical system
X, = f(X,) +G(Z - S(X,)) (8)

is a global observer of the Chen chaotic system (2).
Proof Subtracting system (2) from system (8)
yields the error system
é1=—e;+ (a—c)eq,
éx = (c—a)e; — eq,
é3 = —€s,
where ey = =, —x,,e2 = yr—y,, €3 = 2, —2z,. Selecting
a Lyapunov function as
1
V(e) = 5(el+ €5 +e3),
its derivative along the solution of (7) is
dV(e)
dt

= —2V(€),
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which implies V(e) = V(0)e=2!. Therefore, for any
initial condition X,.(0), X ,(0), tll)rgo V(e) = 0, and this
proves the theorem as desired.

From theorem 1, we choose U = G(Z — S(X,.)) as

above, and the controlled Chen chaotic system
X, = f(X,)+U (9)
is synchronous with the Chen system (2).

3.2. Adaptive synchronization and identifica-

tion

The controller designed in section 3.1 requires
knowledge of the system parameters. However, in
many real applications it is difficult to exactly de-
termine the values of the system parameters in ad-
vance. The effects of these uncertainties will destroy
the synchronization and even break it. Therefore, the
adaptive synchronization of the chaotic system in the
presence of an unknown parameter is essential. To
this end, we have the following theorem:.

Theorem 2. With the controller U = (uy,us,
ug) = —Z + S(X,), where Z = S(X,;) = ((a — 1)z, —
CYyy Tyzg — (E+ 1)y, (b il)zd —z,y,), and the pa-
rameter adaptive laws of a, b, é as below, the controlled
Chen chaotic system

&, = a(y, — ;) + u1,
Ur = (¢ — Q)T — Tp2e + CYr + ug, (10)
b = ryy — bz, + u
is synchronous with the drive system (1) and satisfies
Eq.(4), where

B: Z4€3, (11)
¢= —(z4 +yq)ez.

Proof According to the drive system (2) and
the controlled response system (10), we have the error

dynamical system

é1=—e1+ (a—&ex+ alyy, — zy),
€y =(6—a)ey —ex+ (6 —ad)zy + Cy,, (12)
ég = —€3 — Ezd.

Consider a Lyapunov function as
- 1, ~ .
Vi(e,a,b,¢) = V(e) + 5((12 + b7 + &),

1
where V(e) = E(e% +e3+¢€2). Taking the time deriva-
tive of V3 (e,&,IN), é) along the trajectories of the error

dynamical system (12) leads to

dV; _ 2
= = 2V(e) +al(va — za)er — wger + ]
+b(—zges +b) + (24 + yg)ea + )

=2V (e). (13)

Since Vl(e,&,l;,é) is a positive definite function and

d—tl is a negative semi-definite function, it follows

that the equilibrium points e = 0, a = a, b = b,
¢ = c of the systems (11) and (12) are uniformly sta-
ble, i.e. €(t) € Log, @& € Lo, b € Loo, & € Loo. From
Eq.(13) we can easily show that the square of e(t) is
integrable with respect to time, i.e. e(t) € Ly. Next,
system (12) implies é(t) € Lo, for any initial condi-
tions, which in turn implies e(t) — 0 as t — oc0.l!?l
Furthermore, from the error system, one can easily
see that é(t) is bounded, thus using a basic calcu-
lus method one can arrive at the result lim é(¢) = 0,
which, together with the above result, implies the con-
clusion of theorem 2. The proof is completed.

It should be noted that unlike most existing adap-
tive synchronization methods, our adaptive synchro-
nization method can not only achieve synchronization

but also identify the system parameters.

4. Numerical simulation
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Fig.1. Graphs of synchronization errors varying with
time: (a) e1(t) = @ (t) — 2a(t); (b) ea(t) = y(t) —
ya(t); (c) es(t) = zr(t) — za(t).
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Fig.2. Graphs of parameters identification results:

(a) a(t); (b) b(t); (c) &(t).

In order to verify the effectiveness of the proposed

method, we suppose that the drive signals are from the
Chen system (1) with system parameters a =35, b =3,
¢ =28, and the initial condition (8.0, 9.0, 10.0). We
suppose the initial condition of the controlled Chen
system (10) is (3.0, 4.0, 5.0) and the unknown param-
eters have zero initial condition. The numerical simu-
lation shows that parameter identification and adap-
tive synchronization are achieved successfully. Figures

1 and 2 display the results.

5. Conclusion

In this paper we introduce an adaptive synchro-
nization and parameter identification method for the
Chen chaotic system with all the system parameters
unknown. With this method one can achieve synchro-
nization and parameter identification simultaneously.
The Lyapunov direct method is used to prove the sta-
bility of the method. The numerical experiment shows

the effectiveness of the proposed method.
It should be noted that, although this paper is

focused on the Chen chaotic system, the systematic
design process could be used for many other complex

dynamical systems with unknown parameters.
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