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Abstract: In this paper, the synchronization of Genesio chaotic system is discussed. Based on the nonlinear
cascaded system’s stabilization theory and the time-limited stabilization theory, the controlled input step is
designed. The simulation proves that step method is able to simplify Genesio chaotic system. The synchronization
of Genesio chaotic system is realized. Copyright © 2013 IFSA.
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1. Introduction

Stabilization design is fundamental problem of
non-linear system. Because many problems, such as
the design of detector, chasing, disturbance restrain,
etc, will be concluded as non-linear system’s
stabilization problem after some transformation.

After 1970, academicians advanced kinds of
methods to solve stabilization problems in common
non-linear system [1-4]. The methods can solve
different problems with their characteristics. In these
methods, zero dynamic, controlling Lyapunov
function, back-stepping method is effective. For
example, Huang [5] use zero dynamic method realizes
asymptotic chasing; Mrdjan Jankovic [6] use
controlling Lyapunov function to solve robust
stabilization problems; Zhang [7] and his coordinators
use back-stepping design to control linear system of
time-varying with known or unknown parameter.
However, every method has its limit. Zero dynamic
method demands that the zero dynamic sub-system is
asymptotic stable. When use Lyapunov function, we
must firstly find the controlling Lyapunov function in

34

the system. When use back-stepping method, the
system must be a special cascaded pattern.

This article puts forward a method of stepping
disappearing. Firstly part of the system state is driven
to origin, in the following design these states can
substituted by 0. Because of the zero substitution,
some items that are coupled with these states can be
changed to 0. This kind of stepping design method can
be applied to half decoupling non-linear system. In
fact, many systems can be converted to half
decoupling system, especially chaos system. In this
article, this method is applied to realize the controlling
and synchronization in chaos system. Stepping
disappearing method is applied to realize the
controlling and synchronization in the unified chaos
system. The theory stepping disappearing method is
researched, and it is applied to Genesio chaos system
for its controlling and synchronization.

2. Basic Definition

Considering the following nonlinear system with
p-dimesion input
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X = f(txU,)i=12,..p (1)

>

.
n _ T T T
% eR"™u e Rx=[x,x],...X] |

where and

.
u=|u,U,.,u | . .
[ e p} is the state and input of the system.

f(t,xu)(i=12,..,p) is plenty
smooth. And suppose fi(.0,0)=0(i=12,...p) ,
where origin is the balance point of the system [8].

Definition 1: If system %=fi(txu)i=12..p is
a feedback half decoupling system, system

Nonlinear function

X=H(EXUAXY) |00 =FEXWI=12.0) @)

is a feedback half decoupling model of system (1).
Theorem 1: considering the following cascaded
system.

Xi=1,(%),
X: = f,(X.%,),

Xs = £y (X%, %), )

I-II 1 —
inwhich % € R (=121 ‘gorany initial value, the

solution of system (3) is bounded.
And if the following decoupling system’s solution

Xi = 1f,(%),
Xo = £,(0.%,),

xs = f,(0,0,x,), (4)

is globally asymptotic stable, system (4) is globally
asymptotic stable.

Theorem 2: Suppose system (1) is feedback half
decoupling, which means feedback control

U=, (t%%,)(i=1.2.... p) can be found to get half
decoupling system (2). If system (2) can be globally
asymptotic stable by feedback

Vi (tx)=(1=12.... p)’ and the solution of

>2i = f(txu v (tx))(i=12,.,p) 6

is bounded, system (3) is globally asymptotic stable
[91.

Theorem 3: If we can design the following
controller

Ui =@, (6, X, X505 X)),

Us =0,(t,X,,.... X,),

...... , (6)
Upt =@y, (t X, 1. X,),

Up =¢p(ta Xp)a

>

which can stabilize the following system in limited
time [10].

X1 = 1 (60,000, X Xy U1 ) (i = 1210 P)

Controller  system  (1)’s  balance

(xl,xz,...xp)= (0,0,...,0)

(6) within limited time.

point

can be found by controller

3. Time Limited Chaotic Control
for Genesio System

Genesio chaotic system is advanced by Genesio
and his coordinators. It has many characteristics of
chaotic system. It contains a simple quadratic term and
3 general linear differential equations, which depend
on 3 positive real numbers. The dynamic system is
described as following:

X =X,

X2 = X, (7

X3 = —CX, —bx, —ax, + X,

where a, b, c is 3 positive real numbers, they satisfy
ab<c. In this part, Genesio system is used to explain
the stepping design method.

In this part, the origin time stable problem in
Genesio system is considered. The controlled Genesio
system is described as follows:

X =X, +U,
Xo =X +U, ®)
X: =—CX, —bx, —ax, + X’ +U,,

——y —x”
Step 1: Let U ==X-x(0<f<l)
equation of system (8) is changed to

, the first

35
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X, =X, +U, =X/ ©)

Vl(xl)z_xl' (10)

Along system (9) to get the solution

p+2 [+l
1 pr2 - prl
Vi(x)=-x""==22V2. n
0<@<1
Because 0 < B < 1, 2 Controller

=—x. —x? . e
U =-%-x(0<f<l) can stabilize x1 in limited
time, which means there is some time T1>0, after

which X =0
Step 2: Let =X =x/(0<p <) , the 2™
equation of system (8) is changed to
o — _x# 12
X, =X, +U, ==X} (12)

E)

Similar to the analysis did to x1, it can be proven

—_y _yB
that controller U, =—X-% (0<f <) can stabilize
x2 in limited time. There is some time T2>0, after

which 2 =0
P
Step 3: Let =% O<f<D When
t > max(T,,T,) , xle’ X =0 i get. So when
t > max(T,,T,)

_ 2 = s
X, =—CX, —bX, —ax; + X, +U, =—ax; — X} y (13)

is get.
Considering the following Lyapunov function

|
VZ(X3)=—X3. (14)
Along system (13) to differentiate (12) can get
B+l B+l

V,(x,) = X, (—ax, —x/) = —ax, ~x/" <22 v, 2 . (15)

— B
From theorem 2, controller U, ==%'(0< <)
can stabilize Genesio chaotic system (8) within
limited time.

36

4. Chaotic Synchronization in Genesio
System

In this part, applying stepping design method is
considered to realize chaotic synchronization. The
drive system is as (7), the responding system is

Y=Y, +V,
);2 =Y, +V,, (16)

Y; =_Cy1_by2_ay3+y12,’

where vl and v2 are the controller that will be
designed to realize asymptotic synchronization.
Record

€ =Y = X,6 =Y, X,6 =Y, —X,.

Equation (16) minus equation (7), the error system
is as follows:

€ =&+,

e, =6 +V,, (17)
& =-06 —be, ~a8, +6/(X +X,).

Synchronization feedback controller is designed in
3 steps.

Step 1: Let v, =8, ~ke (k> 0) where
appropriate k1 can be chosen to adjust convergence
speed. The 1st equation of error system (17) is
changed to

=e,+V, =—kpe,. (18)

Obviously, system (18) is asymptotic stable.
Hence, el can be asymptotic stabilized by linear

feedback controller ¥t =& K&k >0)

Step 2: Let 2= & K& (K >0)

equation of error system (17) is changed to

2nd

&, =6+, =k, (19)

It’s known after simple analysis. This system is
asymptotically stable.

Step 3: Take the 3rd equation in system (17) into
consider, which can be described as the following
equation
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e, =—ce, —be, —ae, +e (X +X,). (20)
when el1=0, e2=0,

e, = ae,. (21)

From the terms of theorem 1, the asymptotic

stabilization of e3 needs system (17) to satisfy

bounded terms. Under the effect of feedback control,
the error system is

=e,+V, =-Ke,

=e,+V, =-k.e,, (22)

S

e, =—Cce —be, —ae, +¢,(X + xz).’

From the up warding analysis we know
|e‘ (t)|§|e1(())|’ and |e2 (t)|$|e2(0)|' So el and e2 are

both bounded. Considering the following Lyapunov
function

1
v (e3):ze§.

Along the 3rd equation of system (22) and
differentiate it will get

V(e,)=¢,(~ce, —be, —ae, +¢ (X, +X,))

=—ae; +e,(—ce, —be, +¢ (X +x,))

o , @3
<—(a-7)x; +—(—ce, —be, +e (X, +x,))
e

=—(a-y)x +I1

I =l(—ce1 —be, +& (% +%))
where 4 7V s a
positive constant with arbitrary chosen.
Because drive system (7) is a chaotic system,
whose solution x1, x2 and x3 is bounded. From system

(22) |el (t)| < |el (0)| and |e2 (t)| < |ez (0)| is proven,

therefore el and e2 is bounded, [T is bounded. From
theorem 3 we get error (17) is asymptotic stable,
which means in the effect of linear feedback control
i=-¢-§ , V=76 -6& , the response system
(16) can asymptotically and synchronously drive
Genesio chaotic system.

5. Simulation

4.1. This is a Subtitle Example

In the process of simulation, 4-step Runge-Kutta
integral method is used to solve differential equation.

To Genesio chaotic system (8), the parameter is set
a =12, b =292 ¢ = 6. Initial value is set to

(Xl (0)’ % (0)’ % (0)) - (5’_5’1) . The parameter in the
controller is set f=23. Fig. 1 shows the state responses

of the controlled Genesion system (8), where the state
track of Genesion system (8) converge to the origin.

x1
—ox2 |4
= = =x3

1 o
= B 0 @& = »m N
T T T T T

-

1203
'
o

|
=]
o

ime(s)

Fig. 1. The state responses of controlled Genesio
chaotic system.

The initial state of drive system (8) is set to
x1(0)=-1, x3(0)=-2, x1(0) = 1. The initial state of the
response system (16) is set to y1(0) = 4, y2(0) = -4,
y3(0) = 4. Fig. 2 to Fig. 4 is the effect of the chaotic
synchronization in Genesio system. Fig. 5 is the effect
of synchronic error response, in which system’s state
track asymptotically synchronous with drive system’s
state track.

alyl

w M - =] - N w & o a
T T T T T T

o 5 10 15 20 25 30 35
tirme(s)

Fig. 2. Synchronization of Genesio chaotic
system x1 and y1.

2y

X

[+] & 10 16 20 26 30 35
time(s)

Fig. 3. Synchronization of Genesio chaotic
system x2 and y2.
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wiyd

s 10 15 20 25 30 35
tima(s)

Fig. 4. Synchronization of Genesio chaotic
system x3 and y3.

al

- — -3

-2

el eled

-4

-gL

=Bk

=12
0

L . L
2 4 8 8 10
time(s)

Fig. 5. Time response of the error system.

6. Conclusions

This article puts forward a new kind of stepping
design method for one kind of half decoupling
nonlinear system. And discuss how to apply this
method to chaotic system. Based on nonlinear
cascaded system’s stabilization theory and limited
time stabilization theory, the controlling input can be
designed step by step. After each step, in the following
cascaded sub-system more system states can be
changed to 0 terms. Therefore, the nonlinear terms in

the coupling can be changed to 0, and the system is
simpler. The step design method has been applied to
chaotic system’s design. The simulation of Genesio
chaotic system proves the effectiveness of this design
method.
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