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Adaptive Anti-Synchronization Control of Lorenz Chaotic System and Its Application
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Abstract: Aiming at the Lorenz chaotic system with unknown parameters, presents the adaptive anti-synchronization

controller and the parameters of adaptive rate based on Lyapunov stability theory. It realizes system anti-synchronization and

parameter estimation effectively. Applies this synchronization to security communications and designs secure communication

scheme with chaotic masking. Simulation results on Matlab confirm that both the adaptive anti-synchronization approach and

the secure communication scheme are effective.
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1 Lorenz B R&ZREFIZIT

1.1 FEMEFEH Lorenz R4t
Lorenz RGLEMAIANRIE R GE, X H [R5 A
R A —E R L IS RGBA Z B T
B Lorenz TR RGEARS T FE R «
% =a(x,—x),
X, =bx, = xx, —x,, (1)
X, = XX, —CX;>
e g, b e LA T B R A H L
M a=10, b=28, c=g/30F, RG (1) HARIER
Gi. ARG (1) BRI RSGE, Py M IREh e,
BRI 8 u e,, w, FHO R OARZS I A
vi=a(y,—y)+u -
Py =bx =Xy, =y, Hu,» (2)
Yy =XV, =0y, Ty
A a, b, c, RS a, b, ¢ WAGITHE
BEREIREN e,=y,+x,,i=1,2,3 2 (2) X (1)
IR AR IRZE TN -
€ =ae,—ae—ex,tex tu,
2 —xe, +2bx,

e, =—e, —ex tu,, (3)

é =X
{H: e,=a,~a, e,=b,=b, e =c,—c WBERE
it Lyapunov PN BRI

A + X;€. + Us s

1
V:5(912+e22+e32+e§+e§+ef), (4)
Xt (4) 1?5%
V=e(a —e,x,+ex +u)+

(ae

e,(—e, — x1e3+2bx1 e,x +u,)+

e;(xe, —ce +xe tuy)+el, +ee tee =
(

(ae, —ae +u) ) +e,(—e, —xe; +2bx, +u, )+

©

e (xe, —cey+u) e, (e (x—x)+aq )+
e, (—ele+bl)+ee(e3x3+c'])o (5)
% a,e,~ae,tu=—ke,» —e,~x,e;+2bx,tu,= —e,-
ey kSORHEEC, IR RN
u, =(a,—k)e —ae,,
u, =xe, —2bx,, (6)

u;=(¢, —1)e; —xe,0

x,e,~c ey tuy=

Le (x,—x,)+d =0,—ex, +b, =0,e,x,+¢ =0, NG
F4R AT

a=e(x,—x)

b =ex, (7)

¢ =—X,80

ik (o) A1 (7) FRASK (5) 15

—(kel2 +e; +e32)£ 0,
HIV <0f% v < 0y, BRI (4) Fie, e, e, Me, e, e,
A, RIREPUE WA R iz (3) He,é.é
BV =2kee —2e,6,—2e,6, 8 H, UMy —HiELE,
H4E Barbalat 71 BEA] FllimV = 0= lime, (1) = 0(i=1,2 3)

{—eo

B2 ARG T A FrRHE MR IRES, il

FLE A i 2 BT AT LAMEBR S R 58 (1) R %éﬁ

(2) BRI R RO

1.2 BMREER Lorenz &%t
M2 RN N, SRE) R GEAIRETT A -
X =a(x,—x)+d, (1)

—x, +d,(?), (8)
X, = X%, —cx, +di (1),

K d(o) R,
A MR s T

THRZE RN «

(6, =ae, —ae, -

X, = bx, —xx,

Hld (n|<d, =123
RGN (2), X (g) =l (2)

eux2 + ea'x] + d] (t) + u] ’

é, =—e,—xe, +2bx, —ex +d,(t)+u,, (9)
»és =xe,— e txe, +uy +dy (1) +use
BT An T A4 il

[u, =(a,—k)e, —ae, —sgn(e)d>

u, =xe,—2bx, —sgn(e,)d, (10)

u, =(c,—1)e, —xe, —sgn(e,)d,

SRR Lyapunov PR =
Xt b 2GR 5 15 3

V=e(ae, —ae —ex,+ex +d @) +u)+

1
E(ef+e22+e32+ej+ej+ef),

e,(—e, —xe, +2bx —e,x, +d,(t)+u, )+

e, (xe, —ce +xe, +d, (D) +uy )+

ee, tee tee =

e (ae, —ae +d () +u)+

e,(—e, —xe, +2bx, +d, (1) +u,)+

e,(xe, —ce, +d, (N +u,)+

ea(el(xl—x2)+dl)+eb(—e2xl+bl)+ (1)
e,(ex,+¢)o

e (o) Azl (7) FRASK (11) 15

V=—(ke +e; +e; ) +ed (t)—esgn(e)d +
e,d,(t)—e,sgn(e,)d +e,d,(1)—e;sgn(e,)d <
—(kel2 +e; +e32)+|el||d1(t)|—|e1|d+|ez||d2(t)|—
les|d +ley||ds ()| —e;|d <

—(kelz+e§+e32)S0, (12)
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HIY <0fF V< 0), d(nAH, e, e, e, Me, e, e A,
RSB B REA . hx (9) Hle,é,e, f 57,
V=-2keé —2e, —2ee, A, UHly —HEL: . 4R
Barbalat 5| HAllim/ = 0= lime, () =0(i=1.2,3), M24*
ARG TR B DOHEAT AR, i A3 N
Pl At al LUK B R4 () FIRNLRSE (2) 1K
B A) 28 IRRCR

2 BENRBSHEGRESH

X Lorenz RZIMATEEN B . B3 8 4=10, p=28,
=831, R (1) ARMIE . T (%,(0),%,(0),%,(0)) =
(3’2’1)’(yl(o)’yz(o)’yS(O)):(976512)’(a1(0)5b1(O)’Cl(o)):
(19131) > k:5 ‘f_ﬁ?ﬁjﬁo
2.1 EZEFEER

MR RS AT 2 B M s a, AR 25
SHAH T B R ILE 1 FIE 2.
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Fig. 1 The errors of system without noise
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Fig. 2 The parameter estimation of system without noise

A LI FIE 2 AT DL, AETCMEFS (1 LT 2 [
HiREBT o, RASEATH T, ULl TH 4
I 3 B A AR
22 AREELTHHERE

XFRGEIMANRE R 10 CEPH g = 10 ) MIBEHLME S
d(t). TITIEMEFEAE BT R8sl (6 ) FOa 1y
(7) HHARGIFE, FRGTILERIE 3 FE 4,

10
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s
2) AR

20
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< 0y
,]O,
,20,
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Fig. 3 The errors of noise system with no noise controller
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Fig. 4 The parameter estimation of noise system with

no noise controller
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X RGN MR BB ST, SR FH A MRS i 4 i
A (10) MRS (7) BRHRGEREA, HAG AL
KUK s FiE 6, g =10
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o
ol
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Fig. 5 The errors of noise system with noise controller
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Fig. 6 The parameter estimation of noise system with

noise controller
AT ERE 3 ~6 I UL, XA MEASFIRIRSEN S,
K MR RS G N BTT r4  2 Xk L AT S R P LRATE AR
FHTCME R s il 25 10 R RO IR 2, S8R 3 TR
IR

3 BEHEHERZEBEEFHOEA

TR ) 20 T DR {5 ) A JE 2 SR tL
4 PR 5 B I AE 2 — IR TG R 48" A4 IR Tl A5 5
b AERREEMEES, XHMELENE; ZRaE

SREBN A FIS L AR AR RS 2 o
BRI S, BVt fe, SRS Rk s B
Wi o HEAR SCRHE Y B 3E R[] 26 5 6 00 T (2
F . B AR RS m(r), WA R G S IR
Fox, MR R R S TSRO, A
FEom—"448 b, WEES s(t)=x,(0)+km(r), H%E
FEHEWCIRT s(o) 324 RGE R x ()R IFEAE S
yi(£)> AR EUGES km(r), SRIGBREIE RS & BRI
JEA UGS o Flm 55 om0 = (s()+ y (1)) [k«
limox, (£)+ 3, (1) = 0 B, m, (1= m(z)

BGEAE(E 51 m(ty=sin ¢, W4 k=0.1 AT EL. 15
L RIE 7 EF- 9,

1.5
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Fig. 7 The information signal in sender
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Fig. 8 The signal in channel
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Fig. 9 The recovery signal in receiver
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ARGy 2 At

4 fHIE
ARCE T Lyapunov ek, MEAAHES

1) Lorenz I R GEHEA TIRIE S [R] 25 A 3 by 45 61 14 15
i, AT Qﬁﬂ%ﬁﬂ%*ﬂ%ﬁﬂ%ﬁi, IS FAIE
B Tl IS R G S A8, I Uy e T
fiﬂb{“ﬁ%ﬁﬁ‘f Pt AR RN R R A 5 0 3
WAL, KRIA TGS &R MM S5 2 i
{Hﬁ» HIFERWERESZAMT, I A
Ze it — g W B )5 AT AR R A5 2 JEoR 5 BE S . B
WA ST T3 58 BAT RAF N EL

% 3k

[1] Pecora Louis M> Carroll Thomas L- Synchronization in
Chaotic Systems[J]. Physical Review Letters> 1990, 64(8):
821-824.

[2] FEEHT, WRHEIE. JEF I S50 IRIE R RSO
H2EA, 2004, 54(5): 1305-1308.

Gao Tiegang> Chen Zenggiang. Study on Synchronization of
Chaotic Systems Based Observer[J]-
2004, 54(5): 1305-1308.

[3] BRELG. SMERSH L REERRIER L. 32 S
Pl A4, 2006, 4(1): 1-4.

Chen Baoying. Linear Feedback Control for Synchronization

Acta Physica Sinica

of Liu Chaotic System[J]. Journal of Dynamic and Control»
2006, 4(1): 1

[4] %Mm,%ﬁﬁ PRI Lin RN R GG LR I 1 ]
AEW . PIHAEAR, 2005, 54(6): 2580-2583.
Chen Zhisheng» Sun Kehui> Zhang Taishan. Nonlinear
Feedback Synchronization Control of Liu Chaotic System[J]-

(1]

[12]

Acta Physica Sinica> 2005, 54(6): 2580-2583.

B, A E, B SECRER Liu R A G
NEfE ). s SRR 2006, 4(4): 338-342.
Shan Liang, Li Jun, Wang Zhiquan. Adaptive
Synchronization of Liu Chaotic System with Uncertain
Parameters[J]. Journal of Dynamic and Control, 2006, 4
(4): 338-342.

Park Ju H. Adaptive Synchronization of Rossler System with
Uncertain Parameters[J]. Chaos, Solitons & Fractals> 2005,
25(2): 333-338.

Liu Bin. Stability of Solutions for Stochastic Impulsive Systems
via Comparison Approach[J]. IEEE Transactions on
Automatic Control> 2008, 53(9): 2128-2133.

THLE, b, T SRR )
JEFRERME S HR, 2004, 38(3): 256-260.

Wang Yanwu, Guan Zhihong> Wang Hua. Impulsive Control
and Synchronization of the Unified Systems[J]. Atomic Energy
Science and Technology, 2004, 38(3): 256-260.

Jiang Guoping, Tang Wallace Kit-Sang> Chen Guanrong- A
Simple Global Synchronization Criterion for Coupled Chaotic
Systems[J]. Chaos, Solitons and Fractals> 2003, 15(5): 925-
935.

FE200, R % T ARSI &5 1 — 2R 0E R G0 S [A)
A PR, 2007, 56 (4): 1988-1993.

Wang Xingyuan, Wu Xiangjun. Chaos Anti-Synchronization
of a Class of Chaotic Systems Based on State Observer Design
[J]. Acta Physica Sinica, 2007, 56 (4): 1988-1993.
KimCM, Rim S W, Kye W H: et al. Anti-Synchronization
of Chaotic Oscillators[J]- Physics Letters A> 2003, 320
(1): 39-46.

Hu Jia, Chen Shihua, Chen Li. Adaptive Control for Anti-
Synchronization of Chua’ s Chaotic System[J]. Physics
Letters A> 2005, 339 (6): 455-460.

(WiEshit: F22)



