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Abstract

In order to study the synchronization and parameter identification of different
chaotic systems with uncertain parameters, a parameter identifier and a full
synchronic controller are designed based on Ulyanovsk stability theory. Take

LU system as target system and Rossler system as response system to verify its

effectiveness. The simulation results show that LU system and Rossler system
can achieve complete synchronization by the parameter identifier and
synchronization controller, and the parameters of LU chaos system can all get

recognition.
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1. Introduction

Chaos is a kind of common phenomenon, since Pecora and Carroll proposed the
concept of chaotic synchronization and applied it to the circuit for the first time in
1990, the application potential of chaotic synchronization in communication and
control in industries had been discovered™. In order to realize the application of
chaos in practical, the first important thing to solve is chaos synchronization!®!.

There are a lot of methods and techniques to realize chaotic synchronization ,
such as drive - response method, APD splitting method, the mutual coupling
method, adaptive method, variable feedback perturbation method (. Park put
forward the adaptive method to the unknown parameters of of uncertain chaotic
systems, and realized the synchronization control of super Chen system ), Kim
used the adaptive method for the adaptive synchronization control of Duffing
systems!®, Elabbasy completed the adaptive synchronization of uncertain
systems'™. The researches above are synchronizations of the same structures and
parameters determined. Since the two chaotic systems with the same structures
have the same nonlinear function, only the initial conditions of two systems are
different, it is relatively easy to achieve the synchronization. Meanwhile, it is
almost impossible to find two completely same chaotic systems in the practical
application. And due to the reason of the system itself or the limitations of actual
application technology , the system parameters are unstable and cannot be
accurately predetermined .
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This paper design a parameter identifier and a full synchronic controller based
on the theory of stability, which make the two different structure of the chaotic
systems to achieve synchronization. When two systems achieve synchronization,
the parameters of the response system and the target system achieve consistently,
synchronous controller disappear right now, all the parameters of the target system
are identified.

2. Synchronization principles

Consider the nonlinear dynamic equation of chaotic system as
x=f(x) xeR";
y="1(y) yeR"™;

The two dynamic systems have different structures, to achieve the
synchronization of this two systems is to realize

lim|Jx(t) - y(®)] =0 ;
while m =n, consider X = f (X) as target system, Yy = f(y)as response
system, exert control A(t) on every component of the response system, that is
y=f(y)+A):
Define the error system of every state variableas € =y —X,
e=Tf(y)-fT(X)+A{);
Design the controller as
Alt) =B() - f(y)+ F(x);
While the error system is
e=A(+B(t);

Assume that the parameters of the target system are unknown, when two
systems achieve synchronization, the designed parameter recognition

system C(t) can be used to realize the recognition of target parameters, C (t) has
to meet the lyapunov stability theory, which is to construct a continuous first order
partial derivative of positive definite functionV (X, t), and make V (X, t) for the
positive definite (or negative semi-definite).

3. Parameter identifier and fully synchronous controller design

LU System was found in 2002 by Lv Jinhu and Chen Guangrong, the system
could be regarded as the transition between Lorenz and Chen chaotic attactor, it
has three unstable equilibrium point.

Consider LU System as target system,While a=236,b=3,¢c=20 ,
LU system is in a chaotic state.
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X = fl(X11 X Xs) = a(x2 _X1)
X, = £, (X, Xy, X5) ==X X5 +CX, (1)
Xy = T3(X, %, %;) = X X, —bX,
Rossler system as a response system, Whilea =0.2,b =0.2,c =5.7¢,
Rossler system is in a chaotic state.

X = £ (X X0 Xg) ==X, — X
Xy = T, (X, Xy, X3) = X, + X, )
Xy = F5 (X, X, %) =b + X%, —C'x,

x@3)
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Fig. 1 :(a) LU chaos system diagram; (b) Rossler chaos system diagram

Rossler system was found by German scientists Q.Rossler, it has only one
non-zero balance point, LU system and Rossler system are different chaotic
systems both in terms of their nonlinear function forms or graphic structures, so
the two systems are chaotic systems of different structures, which meet the
conditions for research.

Add the synchronous controllers to the response system as follows:

X = fl (X1’X2’X3) ==X X +U
X, = F,(X, %, %) =X +aX, +U, 3)
Xg = F3 (X, %, %) =0 +XX —CX; +U,

Define the error system as

E=X—X
e, =X, —X, (4)
63=X;—X3
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Get the changing process of error variables by time from Formula(1)(2)and(3) ,
get Formula(5).

él ==X =X _a(xz _X1)+u1
€, =X +aX, +XX; —CX, +U, (5)
&, =b + XX, —C X, — XX, +bX, +U,

Assume that all the parameters of the system (1) are unknown, to make the goal
system(1) and response system (2) completely realize synchronization,

synchronization controller is designed asu = (U, U,,Us,) ;
u, =a(x,—x)—28e +e,+e,+X, + X,
u, =—15e, —e, —x, —a (e, + X,) — XX, + X,
Uy =—26, —b — (&, + X )(&; + X;) +C (& + X;) + X X, —bX,
(6)

Parameters Q, b_, T are estimated values of a,b,C.

Define the error variable e, =a —a, €, = b-b, e =C-c.
Design parameter identifier as

a= _(Xz - Xl)el
b = x.e, (7)
T =-X8,

Theorem  For response system (2), if the synchronous controller satisfy
Formula(6), the parameter identifier satisfy Formula(7), the target system (1)
and the response system (2) can be synchronized for any initial values.

Proof Design Lyapunov function

V() =%(el2 +6 +6 +e2+6l +e7);
Get derivative of the Formula V (t)
V(t)=ée +ee, +6,3+6,0, +6,6 +68,
= —28e? —15e2 —2e2 <0 '
v (t) is negative semidefinite, the system is consistent and stable by
Lyapunov  stability  theory. When V(t)<0 ,  there s
e.e,,e el ,e.,e,e el , 6,6,6el,,aV=-e,

0! Yal!

t t t
[le]dt = [e"edt = [Vt =V (0) -V (t) > 0;
0 0 0
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In whein V (0) is the initial value of Formula (11), V (0O) is bounded,
so €,6,,6; € L2 , according to Barbalat Lemma, whiel t >0,

e,e,,e —0, lim ||e(t)|| =0, theerror is tend to zero, that means target
t—o

system and response system gradually achieve synchronization.

4,  Simulation

Simulation experiment using MATLAB in synchronization, take the initial value
of the target system and response system respectively X, (0) = -1, X, (0) = 0.4,

x,(0)=0.3,x,(0) =0.2,x,(0) =01 x,(0) = 01, take estimated parameters

of the initial value a(0) = 0.8,b (0) =0,T(0) =1.

Fig. 2 .(a)shows the changes of state variable x(1) and x(1)” in two systems by
time. Fig. 2.(b)shows the error variables by time, the state variable error are close to
zero by time, that is when the two systems to achieve complete synchronization.
Fig. 5.shows the parameter identification process. The unknown parameters
gradually tend to be 36,3,20 in the 40 s, 5 s, 2 s,which achieved the goal of
parameter identification, it suggests that parameter identifier is effective.
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Fig. 2: (a) The changes of state variable x(1) and x(1)” by time;(b)The changes of
X(1)-x(1)’by time
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Fig. 3: (a) The changes of state variable x(2) and x(2)’ by time;(b) The changes
of X(2)-x(2)’by time
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Fig.4: (a) The changes of state variable x(3) and x(3)’ by time;(b)The changes
of x(3)-x(3)’by time
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Fig. 5: parametér identification process

5. Conclusion

Based on the theory of stability, a parameter identifier and full synchronic
controller are designed, analalyzed the feasibility of theidentifier and the
controller by Ulyanovsk stability theory. Simulation test furtherly verifed the
effectiveness of the control scheme, two different chaos systems can realize
synchronization and all parameters can be identified by the parameter identifier
and full synchronic controller.
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