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Abstract. Synchronization of a class of time-delay chaotic systems with unknown delay time in this
paper. The knowledge of the delay time is unknown. Firstly, based on Lyapunov-Krasovskii
function, we show that the response chaotic system can synchronize the driven system. The
proposed method is tested and verified by a numerical example.

1 Introduction

Time-delay systems are widely used in engineering, biology, economy, and other fields. Recently,
the synchronization of time-delay systems has been received much attention. A lot of methods and
techniques have been proposed for such systems [1-4].

The chaos in time-delay systems was firstly found by Mackey and Glass, and then there exist a
lot of researchers in this topic [5-9].Unfortunately, the time-delay are assumed to be a known
constant time-delay. However, it is impossible to known or measure the time delay exactly in
modern society. In engineering practice, the time delay is alway unknow and time variant. In this
paper, based on Lyapunov stability theory and LMI, we discuss the problem of slave systems with
adaptation to delay parameter for time-delay master systems, where the time-delay constant is
unknown exactly. The advantage of this paper is that the exact value of time-delay is unknown.

The rest of the paper is organized as follows. In section 2, a time-delay chaotic system is
presented, and a slave system is also designed. Main results are given in section 3. In section 4, an
example of chaotic system is illustrated to show the effectiveness of the proposed method, followed
by some conclusion remarks in section 5.

2 Problem formulation

Consider a chaotic continuous system with time-delay described by:
X(t) = Ax(t) + Bx(t —7) + f,(x(t),t) + f,(x(t —7),t) (1)
where x(t) e R" is a n-dimensional state vector of the system, A,B e R™" are constant matrices,
f,, f, :R"xR"xR" — R" are continuous nonlinear functions, are the parameter perturbations,
7 >0 Isaunknown constant number delay.
In this note, it is assumed that:

(A1)The state vector of the chaotic systems are bounded, |X(t)| <M, [X()] <M

(A2)There are real numbers £ >0 suchthat || f(X)— fi(x)|<A]|x-y| forany x,yeR
The slave system based on the chaotic system with time-delay (1) is described by
K(t) = AR(t) + BR(t —7) + f,(R(t),t) + f,(R(t—7),t) + K (x(t) — X(t)) 2

where K €R™ s the coupling matrix to be designed to achieve synchronization,
Then, from (1) and (2), the following error system equation is obtained:

é(t) = Ae(t) + Be(t —7) — Be(t — ) + f,(x(t),t) — f,(X(t),t) + f,(x(t—7),t) - f,(R(t—7),t) — Ke(t)
= Ae(t) + Be(t—7)+B j_‘f?((t +0)dO+ £ (x(1),t) = f,(R(t),t) + f,(X(t—7),t) = f,(X(t—7),t) — Ke(t)

© 2015. The authors - Published by Atlantis Press 152


mailto:askazyp@vip.qq.com

= Ae(t) +Be(t—7) + BJ'__;?((t +0)do+ f(x(t),t)— f,(X(t),t)+ f,(x(t—7),t)— f,(X(t-7),t) -
Ke(t)

Synchronization requires that 1M [x@®) - %)= lim le®)][= 0_

3 Main result
According to (A3), we can obtain the following inequalities:
| £.(x(@®) = f,.(RW)| = [ f.(e(t) + X)) — f,(XD)] < B[ et)]
|| f,(x(t—7)— f,(X(t- z‘))” = || fo(e(t—7)+X(t—7))—
(Rt =)< Be(t—7)]
|, (Rt =)~ F,(R(t-2))| < B[Rt —7) - X(t-7)|
Now the following theorem gives a criterion for the synchronization of the two chaotic systems

with time-delay (1) and (2)
Theorem: If there exist the following linear matrix inequalities

©)

A+BB" + B, —KI+1<0 4
And the updating laws of the estimated parameters in the form of

X 1

z(t) = — M BIl+A)a(t) (5)

a(t) = %) (6)

where o is a constant to be chosen such that 7(t) >z, Vvt >0.

Then the globally stability at the origin of the error delayed dynamical system implies that the
two chaotic systems with time-delay (1) and (2) are globally asymptotically synchronized.
Proof: Choose the LKkf function
V(1) =V, (1) +V, (1)

where V,(t) = %eT e(t)+2M B+ )] [d6[ a(t+s)ds + o(F - )’
v, =[ e (t+O)(1)e(t+6)do

The time derivative of Vi+V2 along the trajectory of equation(3) are
V,=e' (t)(Ae(t)+e (t)(B)e(t—7)+

e’ (t)B j_';i(t +0)d0+eT (1) By le(t) +[e” (1) A le(t - 7)| +[e” (1)|3

J.__;f((t +0)d 0‘ —e' ()Ke(t)

2M ([B]|+ 4.) J:(a(t) —a(t+6))do+2M(|B|+ )7 Jia(t +s)ds+20(F—1)7

<e’ ()(A+ B, ~K)e(t)+e" (1)BB e(t) +e" (t—7)(1)e(t ) +[e" (1)|(|B]+ A)-

. _ ()
j; K(t +¢9)‘d0+ 2M (|B[+ 4)- a(t)(F - 7) - 2M (|B] + ,) j;a(tw)dmza(f—r)f
Substituting (6) (7), into (10), one can obtain that
V(1) <e’ (t)(A+ B,] —K +BB )e(t) +e" (t—7)(1)e(t —7) (8)
also we can obtain that
V, =e" (t)(1e(t)—e' (t—7)(1)e(t-7) 9)

Substituting (9) into (10) gives that
V,+V, <e" (t)(A+BB" + £, —K + 1)e(t)
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As we know that A+BB' + 3,1 —K +1 is negative, it is easy for us to obtain that two chaotic
systems with time-delay (1) and (2) are globally asymptotically synchronized.

4 llustrative example

To demonstrate the effectiveness of chaos synchronization criterion proposed herein, a chaotic
system is considered:

¢ X A+~ (X(t— )+ U )L+ gcos(r(x(t — 1) +U, +U )] (10)
dt 1+ u

where x(t) is a state vector of the chaotic system,G > 0is a feedback gain constant, h>0 is a
unknown constant number delay. #>0, ¢>0, U,;,U,,U,, is the constants of the chaotic systems.
where A=1,u=1

U,=20U;,=10U,, =-25 G=2.0,¢=0.17=0.01.

According to the theorem, we can obtain K =5, then the errors between two chaotic systems as
shown in Fig.1.
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Figl.The diagram present the error e(t) between the two chaotic systems.

5 Conclusion

In this paper, we investigated the time-delay master-slave chaos synchronization of two coupled
delayed systems using the unidirectional linear error feedback scheme. Compared with the existing
literatures, the delay time of the master system is no required to be known, and this method can be
extended to the systems comtained time variant delay.
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