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Uniform synchronization criterion for nonidentical coupled master-slave

chaotic system under time-lag output feedback control
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(1.School of Mathematics and Computational Science,Sun Yat-sen University, Guangzhou Guangdong 510275, China:
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Abstract: It is difficult to achieve the synchronization for the master-slave chaotic systems with nonidentical parameters, so

the’ uniform synchronization with a small error bound is discussed. For a class of chaotic systems which include Lur’e systemns

and Lipschitz systems, the sufficient criterion for uniform sysnchronization under time-lag output feedback control is deducecd by

Lyapunov function method. It is given by matrix inequality. Moreover, the robustness problem is discussed and the simulation for

chua’ s circuit is made to illustrate the correctness and effectiveness of the conclusions.
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1 5|5 (Introduction)

R F AR EEG AR EMEEER
O PR A {5 150X — o] A A SR AR 5 | 2 AT B9 B 5T 2%
B EMNESRAMIRIERIE BN REEH
ARDER B THEREZERSGHEFEENRSERIT
g4 s b R SEBRRIR R BR TR EM RS A
fHRIB FEMNRER R S, 7525 EIEE R
B B EFER, NEXRTHRERENRERS
B —serE B0 R 6 IR THAEAREAES,
188 TR TFHELRFIE R —AFE 88 071X
e T HAMBREE . B, EAANEKIEE
[7 3 MR GBI R) A R B SEPR B X, F ik, A3
TEX 86 TAER R B ihie 7 AT fy s b 2 iR e
FEMNESRIERR - A A E RE, 58T
— R TE 5.

ZRUTHEEENREAS

W B #5:2004 - 02 - 275 WRERLFS B $5:2004 - 08 - 18.

x = Alx + g(x(l)),
=tmwwx W
{z:Aﬂ+g(dl»+L(pU—T)—qU)% 0
0(1) = Cya(t).

EH.x,z: € R"ERBAE, p,g € R EHEBE
B, 4,4, € R, C L, CEREEEHEE.LC
Rm BEREBERITHRBERE. g(x) B—1E2dE
SMERELBREWR
glx(ty)) - g(z(1)) = M, . (x(4;) - 2(23)).
(3)
XH M, , R—AFERE,HTERKRBT v, 2.
KEBBUERSE, SHEFAR Lur’ e RGEM
Lipschitz R4t , # Al KA K LR TE X (S 0k 6]
& D) A E R FIF KA B — BRI ER .
XHRRL, € XRFIREN
e(t) = x(t - 1) - 2(1),

RETH . {ME 8 ARREELTH P (10371136) ;)7 HR4E B RRE L LT E ¥EI(021765) .
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é(t) =Ax(t - 1) — Arz + g(x(t - t)) -
g(z(1)) — L(p(t - 7) - q(2)) =
(Ay = LCy)e(t) + M, (1) +
[AA - LAC]x(t - T),
T
é(t) =(Ay — LCy + M, )e(t) +
(A4 - LAC]x(t - 7). (4)
XE AA = A, - 4,,AC = C, - C,.
2 —EE % B ¥IHE (Criterion of uniform syn-
chronization )

HTHBIXTREELHHE, BIIARER
Girp o TARLRHT R BUE M E R GRS ERK
PAER.

Rig 1 FE—NEEE 6, WHEMYIE xo, #B
TEAERTE] T(x) (1R

||x(t;x0)||2<8, Vi=T. (5)

PAEMRiES RCHk (5] WEBR S R E , fET
R RSN, /EH U EE R RN RFBRNR,
Fr A XM IR RS K.

®ig 2 HAE—NB/IHER « #8104] <
a,|AC| < a.

HTFIHEM ENBESRE RS EIEERR, BP
FMREZ EFESERALE, B, —& ZE§
R REEAEHIET O, TR, FIIATHNEIRZ
R e —HRS M.

EX1 REMNERSZQ), Q)RERER ¢ —
BRIZEH, MBFE— 6 > 0F—A T > 0fF15
MR x(0) - 2(0) |, < 8o, WMHENx(2) - 2() ]2 <
e XFEM: = THOL.

AXWEARREALRITERHE LEENRE
FELEARE X AL, BXFEILS X TSR ILE
BEGFHEEE.

TELLA T 438, 5B Lyapunov BREU R

V(e(t)) = eT(t)Pe(t).

HA%EE P = PT> 0.
WX (4)%

V(e(t)) =
éT(t)Pe(t) + eT(t)Pe(t) =
{(Ay - LCy + M, )e(t) +
[AA - LAC]x(t — ©)}TPe(t) +
eT(t)P{(Ay — LCy + M, ) e(t) +
[AA - LAC)x(t - o)) =
eT(¢)[(Ay - LCr + M, )P +

P(Ay — LCy, + M, ;) ]e(2) +
xT(t — 7)(AA — LAC)"Pe(t) +
e"(t)P(AA - LAC)x(t - ).
BB
[xT(t — ) (AA — LAC)TPe(t) +
e"()P(AA — LAC)x(t - T) ] <
2l x(t = o), - 1aa = LAC]- [ PI- lel, <
26a(1 + 1 L1) A mu( P) el
FRUALEBL Q = (Ay - LCy + M, )TP + P(A, - LG, +
M) ,NE
V(e(t)) <
eT(1) Qe(1)+28a(1+ [ LA (P) el <
Ao Ol el3428a(1+ I LI A mu( Pl ell,.  (6)
EL g p et b AR BILIT 4
EE 1 AEBREL2WERT . EFELEEE
B P 5L #15
Amax(Q) <0 7
Bor, MENRE (), Q) ERBEFRER o W
—HFEE X8
ez == 28a(1 + I LA ( PYECP)/ Amux( Q)
Hep ,
k(P) = Auax(P)/ Amin( P)
JAERE P ISR
iE hEHEAHERK(6)B
V(e(t)) <
Amax(Q) e} +28a(1 + LI Amu(P) N ell, =
lell, » [(Amx( Q@) el +28a(1 + ILI)Am(P)].
#lely> 2621+ | LA ma( P)/ Aex (@), JE—TTH
F.HGTE e (D], > =201+ | LI e (P)/ A e QB
HWHE V(e(t)) < 0,BIEBIER B, = le|le(t) o<
ey = = 28a(1 + [ L])Apue(P)/ 2mu( Q) SNRE RS
BN 2 T FEE ] . 38 X EBUES ¢, 8 Lyapunov
BRBUKFEE eo(c) = fel e™(t)Pe(t) < ¢l HAEFH
B B, = fe|le(t)lag—20a(1 + | LIAm(P)/
Ao (O} BIB/AKEE . MRZRFEHIHL (1)
BEHEAZKTE eolc). TR, ME—FIHE &K,
RERGHRBERES FRAFAEH LB THEM
B oeo. HM, EMNRGETTLLEBIRL ¢, B/AKIRE
R —BREE, mEA 1R, ¢, =- 28l +
ILI YA (PYE(P)/ 2ax(Q), F B k(P) =
Amac(P)/ Ain(P)HEERE P HISAFEL, 0 HORTE X
B, = {el "e(t)uzs ¢ =
—282(1 + | L) A P)/ A @)}
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eolc) = fele™(t)Pe(t) < ¢l C
By = {e|lle(t)2x est.

KB o REEKEE eo(c) WR/NEIRALEE.

K1 —ERPHIRER
Fig. 1 Error bound of the uniform synchronization

%t BRI N ASEh, AT LA T 451

EBE2 EREL2HNET, SFEEESE

B PLUR—ANEMEERL SHER L BHEERR
%=X

(Ay - LCy + M, ,)"P + P(A, - LC, +

M,.)+ Bl <0,
MEMRLE(D), Q)P REEBFIRER ¢, W—HF]
B XE ey = 20a(1 + | L) A PYE(P)/ B, H A
E(P) = Aol P)/ Auin( P) HFERE P HISAEHE.

W HEHEZMES Q + Bl < 0, FFLL Qe +
BeTe < 0 ,FTLA eTQe < - Be"e < - Blel3. TRE
V<-Blel?+28a(1 + |LI)A(P)el, =

Tel,[- Bllels + 282 (1 + | LI A (P)].
FUEHE 1 IR, AT 8458 R .
E TR R L, TUSHASRER 55
YRR AR o« ZEWEXFR
= == 2 PYK(P)/ An( Q) = co.

TRARFRERSSHEVALEARAREFLLXEA (S
RICER[S]) . Bk, Ak B GBS ER , A XN EIRREWE
HEFEFR Q < OWATR THR/ME ¢, EETRARRMN
ki8] :
min = A PYE(P)/ Anas( Q)
Amx(Q) < O,
P=P'>0.
3 3E1ERE Chua’s H B A ¥ B L (Simula-
tion of the nonidentical Chua’s circuit)
% & Chua's H18% ‘
= Ax+ g(x),

p(t) = Cyx.
He
x = (x1’x2’x3)T,
-¢+0.1 ¢c 0
A = 1 -1 1],
0 -8 0
1.1 0 0
C,=]0 1 0],
0O 0 1

- Cf(x1)
g(x) = 0 )
0

XEB c¢>0,8>0,a < b <0, LM
fx) = bry+ 3 (a = 0) (| + 1] = |2 - 1]).
BZRFIENTRE, BRE

£(t—7) = Aja(t - 7) + glx(t - 7). (8)
MARGERTE Y
2(t) = Ayz(t) + g(z(2)) + L(x(t - ) - 2(1)),
q = CzZ(t).

-c c 0
Hrp:z=(21,20,23) 4, =] 1 -1 1,C =

0 -8 0
010

' - of(z)) L 0 0
’g(z)= 0 ],L: 0 l2 0 1.
0 0 1 0 0 0 I

TR, RERGE
e(t)= (Ay-LCye(t)+[g(x(t-7))-g(2(t))]+
[AA - LAC])x(t - 7).

0.1 0 0
;¢¢AA=AC=[0 0 o].

0 00
PEBEI(RIARI6) TR b, , W2

S(x) - f(z) = kxl,zl(xl_zl)- 9
Heb b, . KRBT 21,2, HTEXE [ a, b] AL, B
a <k, <b<0LXM6,7]).MF
glx(t - 7)) - g(z) =

- Ck"l"l 0 0/ x(t—-1)-2(t)
0 0 0] xz(t—r)—zz(t)]=
0 00

x3(t = 7) - 23(¢t)
M, ().

?%9%@ P = 19 l)—w
(Ay + M, )P+ P(A, + M, ,) =

1 00
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- 2c - 20/:,,1,21 c+1 0
c+1 -2 1-B8}
0 1-8 0
B Gerschgorin {EH , F1# A,...(Q) < 0, ATEL
> 5 (=2¢ =2k, o + |1+ cl),

L>3(-2+ 1+cls -],

> 5 (1= 8.

B 2858 c=978,8=14.97,a =- 1.31,b =
- 0.7 EMNREHIRE M. FTLLE H, B, £
MBRGEF| R L, NITIIE T 3 1 W5, X
BORERTARS LB = 9,1, = 12,1, = 8. &R
x(t) - z2(0), B8R x(t - v) - z(¢), r BUS0 FEHY 5
K E3 5B 28U, AR C, = ¢, = INBE. B
e HIRE, n ERREL.
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Fig. 2 System errors
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Fig. 3 System errors

4 4518 (Conclusion)

ZASCHFI I Lyapunov 75 338 7 IE1E R £ MR
SRMAKZ A A —ESBIRENHY—BF £ H
B T — RS RABE S 5k R IE TR
SEeEE, BT -BRENETFE. 46
Chua’s H2 B AT T BB

#H—, P UR — R H R 2 R ERERN
fEITMEH U RS EMNRLE (D), (2) WIELHERR S
g(+) FEAEAETE Rl i A —BUR] 25 )
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