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In this paper, the impulsive synchronization problem of Lii chaotic systems is investigated by using a
novel hybrid controller. The proposed hybrid controller is composed of a single controller and impulsive
controller. Using the impulsive theory and the novel hybrid controller, some sufficient conditions are
derived for the synchronization of Lii chaotic systems. Numerical simulation example is provided to verify
the effectiveness of the proposed approach. The simulation results show that the proposed control scheme
has a fast convergence rate compared with the conventional single controller method and impulsive
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1. Introduction

In the past years, different synchronization schemes have been
proposed for achieving the synchronization of chaotic system, such
as linear and nonlinear feedback synchronization [1,2], adaptive
synchronization [3-6], observer based control method [7,8], and so
on.

Recently, similar to pinning control of complex dynamical
networks, different control schemes of the chaotic system have
been proposed by controlling one component of the chaotic sys-
tem, that is, the proposed controller is a single controller [9-16].
Among the existing publications, some papers focused on ‘pinning
control’ on chaotic systems by the idea of linear feedback control
or adaptive control. On the other hand, impulsive control strategies
have been widely used to synchronize coupled chaotic dynamical
systems due to their potential advantages over general continuous
control schemes [17-24]. What is more, the impulsive controller
usually has a relatively simple structure. Its necessity and impor-
tance lie in that, in some cases, the system cannot be controlled
by continuous control. Additionally, impulsive control may give a
more efficient method to deal with systems that cannot endure
continuous disturbance. Furthermore, impulsive method can also
greatly reduce the control cost.
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It is worthwhile pointing out that in most recent results
appearing in the literature dealing with the stabilization or syn-
chronization of chaotic systems by impulsive control or linear
and nonlinear feedback control. In this paper, the impulsive
synchronization problem of Lii chaotic systems is investigated
by using a novel hybrid controller. The proposed hybrid con-
troller is composed of a single controller and impulsive controller,
the proposed hybrid control scheme has faster convergence
rate.

This work is organized as follows: Section 2 gives the theoretical
analyses. In Section 3, numerical example is used to show the imple-
mentation of the proposed scheme. Section 4 gives the conclusion
of the paper.

2. Theoretical analyses

Suppose the chaotic system in general form as follows
x=f(t, x), (1)

where x=(x1, X2, ..., Xn)T € R", flx)=(f1(x), .. . fu(x))T: R« x R" - R"
is continuous. Suppose that a discrete instant set {t; } satisfies

o<t < -l <--+, limtk:oo.

k—o0

Let

AX|e=g X(6]) = X(6) = (%),
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where x(t;7) =lim,_ +x(t), x(t)=1lim,_ - x(t)=x(t;), then an
k k
impulsive system is given by

x=f(t,x), t#t,
Ax = BkX, t=ty, (2)
x(tf)=x, k=1,2,...,

Now, we consider bidirectionally coupled impulsive control of
Lii chaotic systems [25] in the form as follows:

X1 = a(xy —x1), t# ty,
X2 = —X1X3 + X, t# by,
X3 = X1X3 — bxs, t +# ty, ®
Ax = By(x —y)= —Bre, t=t,
y1=aly2 —y1) t#ty,
Va=-y1ys+cy2+u, t#t, @)
V3 =y1y2 — bys, t# ty,
Ay =Bi(y —x)=Be, t=1¢,
where (a, b, ¢)=(36, 20, 3), the single controller

u=—kieq1 —kyey —kses, ki e R, i=1, 2, 3, then the error impulsive
systems as follows.

ér = a(ez —eq), t+ ty,
ey = —y1e3 —Xx3eq +cey — kieqr —kpey —kzes, t+ ¢, 5
é3 = y1ez +xze1 — bes, t+ty, ®
Ae = 2Bge, t=ty,

where e=(e1, ez, e3)"=(y1 —X1,¥2 — X2, y3 — X3)".

The objective is to find some conditions on the control gains,
B and the impulsive distances t, —t;_1, k=1, 2, ..., such that the
impulsive system (5) is asymptotical stable at origin.

Theorem 1. If there exists two constants 6>1, u>0 and
Nk = Amax|(I+2B)TQ(I +2B;)Q 1], then systems (3) and (4) can real-
ize impulsive synchronization using the following form (1)-(3):

-a 0 0
Mo - o |<o
0o 0 -y
~2a0 - po ao+ B|X3| - By v [%|
() A 2B -2Bky —pp  (B+y)|Y1| - Bks | <O
A A —2by — uy

(3)In Oy + p(ty — t_1) <0

where Q=diag(e, B, ), @, B, ¥ € R*, | Xa ’ X3’ and |Y1 ’ are the
upper bounds of the absolute values of the states x,, x3 and y1,
denotes the symmetric terms.

Proof. Let the candidate Lyapunov function be in the form of
V(e) = e"Qe = ae? + Be3 + ye3.
The time derivative along the trajectory (5) is:
V(e) = 2aéqeq + 2Pezey + 2yeéses = 2aeq[ales — eq)]
+2Bex[ce; — x3e1 —yi1e3 — kje; — kaoey — kses)

+2yes(yi1e2 + xpeq — bes) = 2aae e — Zaae% + 2c,3e§

—2By1exe3 — 2PBxzeiex — 2Pkiere; — Zﬂkzeg —2Bksezes
+2yy1e2e3 + 2yxaeqe3 — 2ybes < 2aaere; — 2ace?
+2cBe? +2By1l eze3 + 2B 1x3] erex — 2Bkiere; — 2 kze3
—2Bksezes + 2y |y1lezes + 2y |xz| ere3 — 2ybe§ < 2aaeiey
—2ace} +2cfes + 2B |y1l ezes + 2B 1x3| ere; — 2Pkqere;
—2Bkae3 — 2Bkseses + 2y |y1lezes + 2y Ixa| eqe3

—2ybe} < 2acese; — 2awe] +2cfes + (26 +2y) | Y1 | ezes

+28 ‘X3| e1ey —2PBkie1e — 2,3](26% — 2Bksezes

a 0 O
+2y’X2‘e1e3—2ybe§=MeT 0 B O|e
0 0 y
-2a0 — po ao+ f |X3| — Bk 14 ’X2‘
+el A 2cB = 2Bky — up (,3+)/)|Y1| — Bk3
A A =2by — ny
a 0 0
xe<pel [ 0 B 0 |e=puelQe=puV(e(t)).
0 0 vy

This implies that
V(e(t)) < V(e(t] ;))exp(u(t — te_1)),
Now from (5), we have

V(e(t)) = [(I+ 2By )e]" QU + 2By )e

te(teoq,tyl, k=1,2,...

= e [(I+2By)" QI + 2B,)Q " ]Qe < nie’ Qe = ni V(e(ty)).

When t € (to, t1], V(e(t)) < V(e(t$))exp(u(t — to)), then
V(e(ty)) < V(e(tg)exp(u(ty — to)).
So,
V(e(t])) = mV(e(t1)) = mV(e(ty))exp(uu(ts — to))-
In the same way for t € (tq, t;], we have
V(e(t)) < V(e(t] )exp(u(t — t1)) < n1V(e(td))exp(u(t — to))
In general for any t € (ty, ti+1 ], one finds that
V(e(t)) < V(e(tdIminz: - meexp(ia(t — to)).
Thus for Vt € (ty, tys1], k=1, 2, ..., we have
V(e(t)) < V(e(tdIminz- - meexp(ult — to)) < V(e(td Ininz- - Mk
exp(u(tyq — to)) = V(e(tg ))n1 exp(u(ty — t1))n2
exp(u(ts — t2))- - M eXp(pa(tir1 — tie))exp(pu(t — to)).

From the assumptions given in the theorem
M exp(ietir — ) < §,k=1,2,..., we have
1
ok

That is V(e(t)) < V(e(t§))(1/6%)exp(uu(t — to)), t > to.
When 6 > 1, from Ref. [26], this implies that the origin in system
(5) is globally asymptotically stable or the slave system is syn-

chronized with the master system asymptotically for any initial
conditions. By this we conclude proof of the theorem.

V(e(t)) < V(e(ty)) - exp(u(t — to)).
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