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Abstract—An modified dislocated feedback method is proposed
to acquire the synchronization of the whole unified chaotic
system. This method is based on the Lyapunov stability theory,
and overcome the limitation of the original dislocated feedback
method. Numerical simulations are also provided to show the
effectiveness of the method.

Index Terms—unified chaotic system, Lyapunov stability the-
ory, dislocated feedback, synchronization

I. INTRODUCTION

Since the pioneering work of Pecora et al. in 1990[1], chaos
synchronization has recently attracted great attentions, and a
great deal of efforts have been devoted to its study. Previously,
many different techniques and methods have been proposed
for achieving chaos synchronization, such as, feedback syn-
chronization[2,3], adaptive synchronization[4,5,6], generalized
synchronization[7,8], impulsive synchronization[9,10], etc.

In 1963, Lorenz found the first classical chaotic attrac-
tor[11]. In 1999, Chen and Ueta found another chaotic attrac-
tor[12], which is similar, but not topologically equivalent to the
Lorenz attractor. In 2002, Li and Chen also found the critical
attractor between the Lorenz and Chen attractor[13]. To bridge
the gap between the Lorenz attractor and Chen attractor, Lii
et al. presented a unified chaotic system[14]. It includes the
Lorenz and Chen systems as two extremes, respectively, and
Li system as a transition system[15].

Recently, Tao[l16] investigated the dislocated feedback
method, which has been used to control the Lorenz sys-
tem[17,18] and the unified system[19], and has also realized
the synchronization of the Lorenz system[16]. However, we
found that it can’t realize the synchronization of the whole
unified chaotic system according to the original dislocated
feedback method, can only do the part when o < 1/29. In
this paper, according to modify the control input u;,7 = 1,2,
an modified dislocated feedback method is proposed to acquire
the synchronization of the whole unified chaotic system. This
method is based on the Lyapunov stability theory, and over-
come the limitation of the original dislocated feedback method.

The rest of this paper is organized as follows. Section
IT describes the unified chaotic system. A modified dislo-
cated feedback synchronization is proposed in Section III.
Numerical simulations are provided in Section IV to show the
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effectiveness of the proposed method. Section IV gives some
conclusions and discussions.

II. THE UNIFIED CHAOTIC SYSTEM

Fig. 1. Lorenz chaotic attractor

Fig. 2. Li chaotic attractor
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Fig. 3.

Chen chaotic attractor
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The unified chaotic system can be described by the follow-
ing differential equations:

= (25ac + 10)(y — )

y=(28—35a)r —xz + (290 — 1)y (1)
¢=ay— M2z,

where « € [0, 1], which contains the canonical Lorenz system
and Chen system as two extremes and Lii system as a special
case. What is interesting is that, as the parameter o changes
continuously from 0 to 1, the resulting system remains con-
tinuously to be chaotic. Obviously, when « = 0, a = 0.8,
and o« = 1, it is the Lorenz chaotic attractor, Lu chaotic
attractor and Chen chaotic attractor, as shown in Figs. 1, 2,
3, respectively.

IIT. MODIFIED DISLOCATED FEEDBACK
SYNCHRONIZATION OF THE UNIFIED CHAOTIC SYSTEM

In Ref.[16], the dislocated feedback method was given
to synchronize the Lorenz chaotic system. However, as this
method is carried on the unified chaotic system, we found that
it can not synchronize the whole unified system, can only do
the part when o < 1/29. In this section, we will synchronize
the whole unified chaotic system through a modified dislocated
feedback method.

A. the synchronization of the unified chaotic system according
to the original dislocated feedback method

Let the system (1) is the drive system, then the response
system is described by

= (250 + 10)(y1 — x1) + uq
= (28 — 35a)x1 — x121 + (290 — 1)y; + ue 2)
2’1 =T1Yy1 — %2’1,
where w1, ug are the dislocated feedback gains.

According to the original method of dislocated feedback
synchronization which was given in Ref.[16], let the dislocated
feedback gains u; = 0, ug = —ko(x1 — ), respectively, then
the response system can be described by:

= (25 + 10)(y; — 1)
= (28 — 35)x1 — z121 + (29 — 1)y1 —

8
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3)
Let the system errors be 1 = x1 —x, e = y1 — ¥y, €3 =
z1 — z. Thus, the error system is given by:

é1 = (25a+ 10)(e2 — e1)

€2 = (28 — 3ba)e; — xeg — zep — ejes
+(290¢ — 1)62 — koey

é3 = xes + yep — 8+ es3 + eres.

“

Consider the Lyapunov candidate function

poll

2 ﬁélQ +e” + é5%),

where 3 > 0. Then we have

V = l616.1 + eo€s + e3€3
= 20102 4 [1(250 4 10) — = + (28 — 35a)
—ksleres + (290 1)e2 + yeres — St

< — 21063 4 [1(950 + 10) + Ms + (28 — 350)
—kalerep + (29 — 1)e3 + yeres — H2ed
25&;10 e? + (a — ka)eres + (29a — 1)e3
+yeies — 8J§ 837
where o = 22040 4 Mj + 28 — 35q,

when ky < o, we have,

V<-— 25a5+10 e + (o — k2)lerea] + (29 — 1)e3
+Msleres| — 8J§Q‘33 ®)
= —|e|TP|€|,

where M5 and M3 are the boundaries satisfying |y|, |y1| < Mo,
2], [21] < M3, [e] = (|ea], [ea],e3])" and

250410 ko—0o _ My

B 2 2

pP= koo 1990 0
Q 0 8+a

2 3

To make the origin of error system(4) be asymptotically
stable, the symmetrical matrix P should be positive definite.
That is,

25(1[;-10 >0
25(1[;-10(1 _ 29&) > (k210)2
((8“1’0&)(32;)014’10) o MTS)(]. o 290[) o (8“"@)5];2*0')2 > 0

(6)

From the second inequality of (6), we can notice that, only

when o < 29, this formula is reasonable. So it is limited to

synchronize the whole unified system with original dislocated

feedback method. In the next section, we will modify the

dislocated feedback method to synchronize the whole unified
chaotic system.

B. Modified dislocated feedback synchronization of the unified
chaotic system

In this part, according to modify the control inputs u;,: =
1,2, the modified dislocated feedback method is proposed to
realize the synchronization of the whole unified chaotic system.

Theorem 1. Let uy = 0, ug = —ko(zy — ) —
29(y1 — y). Then the new response system (7) and
the drive system (1) realize synchronization when o —

VSO 81230 — 200) < b < 01
Proof. Let uy = 0, uy = —ko(z1 — ) — 29(y1 — y), then
we have the new response system as follows:

= (250[ + 10)(y1 — 1'1)
91 = (28 — 35) w1 — 2121 + (290 — 1)yy
—ko(z1 —2) —29(y1 — y)

— 8+a
Z1 = T1Y1 — —3 “l-
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Let the system errors be 1 = x1 —x, e = y1 — ¥y, €3 =
21 — z. Thus, the error system is given by

é1 = (25a + 10)(e2 — e1)
€y = (28 — 350{)61 — xe3 — ze] — e1es 8)
+(29a — 30)eq — kaeq

és = wex +ye1 — SLes + eres.

Consider the Lyapunov candidate function

1,1
V*i(ﬁel +62 +e3 ),
where 8 > 0.Then we have

y 1 . . .
V = =ei1e1 + egen + ese3

2501062 4 [1(250 4 10) — = + (28 — 35a)
—koleres + (29a — 30)@2 yeies — 8+Ta652’>

<- 2502;-10 e? + (o — kz)eres + (29a — 30)e3
+yeies — SJFTQG:M

when ko < o, we have,

V<-— 25&510 el + (o — ka)|erea| + (29 — 30)e3
+M2|€1€3\ - 8"‘704@3
—le["Plel,
where |e| = (|e1], ez, |e3|)T and
250410  kx—o  _ M,
2 2
P = ka=o 30 _929q 0
_ M 0 8ta
2 3

To make the origin of error system (8) be asymptotically
stable, the symmetrical matrix P should be positive-definite.
That is,

25&510 >0
260410 (30 — 29q) > ka7l
((8+a)(32§a+10) _ MTj)(?)O ~29a) — (8+a)§§2,(,)2 > 0.
©
It can also be written by,
250410 + ()
(kQZU)Q < 25aﬂ+10 (30 _ 292a) (]0)
ko—o)? o 3M3
( 2 > < (2 ﬁHO _ 4(8+a))(30 — 29q).
Then, we have
[% o M
2010 (30 — 290) — (209510 — f’g "25)(30 — 290)
a o 3M2
(30 200y )(25 +10 _ 25 B+10 + 4(8+2a))
= (30 — 29a) (8+Q)
from 0 < o < 1, we have
3M2
30 —29a)——=— >0,
( VG +a)
and then
25+ 10 25 4 10 3M3
7(30—2904)—( 3 _4(8 +a))(30—29a) > 0.

Thus,
25a+ 10 25+ 10 3M22
——— (30 — 29¢¢) > — 30 — 29a).

Then, the second inequality of (10) can be deleted, we can
only consider the third one of it:

(kg — 0)? (25a + 10
4 B
Obviously, we can get

A(25a+10) 3

~3M3
48 4+ )

)(30 — 29a).

M2)(30 — 29a),
again
k2 S g,

in the end, we have

4(25a+10) 3
U_\/( I6] 8+«

M2)(30 — 29a) < ko < 0.

Hence, the matrix P is positive-definite as o —
(A0t _ 3 M2)(30—29a) < ky < 0, 0 < B <
4(25a+10) (8+a)

EYVE Ms and Ms are the boundaries satisfying
lyl. ly1] < M, |Z| |Z1] < M.

According to the Lyapunov theorem, e1, e2,e3 — 0 for t —
oo. Therefore, the response system (7) and the drive system
(1) will realize synchronization.

IV. A NUMERICAL EXAMPLE

In this section, to verify and demonstrate the effectiveness
of the proposed method, we discuss the simulation results for
Lorenz, Li and chen system. In simulation experiments, values
of the parameter k is chosen for 10.

Case I: Lorenz system. When « = 0, Eqgs.(1) is Lorenz
system. The simulation results are shown in Fig.4-5. It can be
seen that the synchronization errors converge to zero rapidly.
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Fig. 4. the synchronous error between systems (1) and (7) with k2 = 10
and « =0

Case II: Lii system. When o = 0.8, Eqgs.(1) is Lii system.
The simulation results are shown in Fig.6-7. It can be seen
that the synchronization errors converge to zero rapidly too.



Fig. 5. the synchronous error between systems (1) and (7) with k2 = 10
and a = 0.8

Case III: Chen system. When o = 1, Egs.(1) is Chen
system. Under the same simulation condition of Case I and
Case II, the simulation results are given in Fig.8-9. It can
also be seen that the synchronization errors converge to zero
rapidly.
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Fig. 6. the synchronous error between systems (1) and (7) with kg = 10
and o =1

V. CONCLUSION

This letter modified the dislocated feedback method to syn-
chronize the unified system. And the fundamental synchronous
criteria is given for the modified dislocated feedback synchro-
nization. Moreover, the numerical simulations are given to
show the effectiveness of the criteria.
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