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New type of chaotic synchronization and its
application to information transmission

YANG Tao, DAI Xiao-ming, SHA O Hui-he
(Department of Automation, Shanghai Jiaotong University, Shanghai 200030, China)
Abstract: Based on the concept of chaotic secure communication, a kind of receiver is constructed
according to the character of transmitter. Extended state observer is used to estimate the difference
observer

between transmitter and receiver. A physical realizable controller is proposed based on sliding model

control and this estimated information to achieve synchronization betw een them. Numerical simulations
show the effectiveness of this design based on Duffing oscillator and Chua ¥ circuit.

Key words: chaotic synchronization; chaotic secure comm unication; sliding model control; extend state

C )
[1 3]

: 2001-06-06;
973

(1972—),

2
2
2001-08-06

(G 19980304 15)

B
s

; (1963—) ,

s



% 6 W &% MHFRRAERGESRERLER L E T ENA 899

[5J7 , [6] ’ , 7191:
. 7] @ (2.1) (2.2) ;
) @ x1( z1) ;®
: . A(Ce) . A() ;@
. &0,V)
(ES0)"™ : ,
) “ zz . . p
) ESO < n(PLNS)  P= n(FLNS) .
A(*) ;
2 A | b
[8,9]
n
X=F(X.p). yu= CuX (2.1 3 FEFIEBLLEH] SRS A RE RS
, X = (x1,x2, ,xn)T,F: (f1,f 2, ,fn)T,p Iﬁ‘lﬁ
= {pi,iz 1,2, 7rI’L} S YM
3.1 FLNS(P= n)
FLNS (3)  FLNS
(2.1) : 7 ; , |
_ X), 21 wi= wirl, l=i=n- 1
(CD( )cp =0 18,91 we= M(W) + u (3. 1)
zi= zis1, zo= A(Z,V,p), 1=i=p-1 y = wi .

Vi= E(ZV), P<j=n W= (wnw, L w) :
P=<n, y= ®RZ,V) (22 M) U .y
¥ JA().E(0) M(*)

(2.3) (3.1) ,
(2.2) ., P=n ., (22 ’
(FINS): P< n | (2.3) _(3-.1) _
(PLNS)", : e= e, l=i=n-1 (3.2)

1) P= n(  Duffing, Vander Pol ), en= [M(W) - A(Z,6)] + u

(3.1) T . T
zi= zie, 1=sisn- 1 B= (e, o) = (wi-zii= 12 ,n
o= A(Z,p) (2.3) -
y= R2) lig £=0

2) P< n( Chua¥ Lorenz ), (3.2),
(2.2) (2.3) , ei= o1, l=sisn- 1
€én = €n+ 1 (3 3)
? E(O,V) e}z+1= E(E,u) + u
n- 1
064 JE(e) = rs 1O M (2) = A(*) ]+ ([ M(*
(MP) ¥ (2735, ARG Adsd vtk MG



900 = il 5

— A() ]+ wa[M(*) = A(*)],a[*]= "]k
= 1,2, .,n,

’

en+ 1
[ 10]
’ p ot 1
S = ew1— eons1) + cedi= 0 (3.4
en+ 1 eo(n+ 1) (3.4
n+ 1
ent 1= — ZC}‘G;’ (3.5
en+l(0) = e0(n+ 1),
( )
ei= e+1, 1=i1=<n
n+ 1 (3‘6)
en+ 1 = — chej
E=HE (3.7)
E= (eye, ,en+1)T
0 1 0 0
0 0 1 0
H=1| |
- C1 - C2 — Cn+
E(0) = (e1(0), ,em1(0))"
G,j= 1,2, ,n- 1, (3.7)
, H
(3.3
[11]
S= oS- B sgn(S) (3.8
,0=x< 1,sgn(*) , B>
0
(7) (11)
n+ 1

oS — B sgn(S) = ewm1+ Zc,‘ej (3.9

en1= B(E,u) + u=

n+ 1

08 — B* sgn(S) - qu.f

(3. 10)

n+ 1

u= oS — Psgn(S) - Zc;ej— E(e, N u)
(3.11)

# i F17 %
n+ 1
Zc.fzj— E(E. M u)yde (3.12)
u 0 B
, Lyapunov
(3.11) (3.3)
ei=en1, l=isn- 1
€n = €n+ 1 y (3.13)
enr1 = 05 — fsgn(S) - Zc.fe.f
1.2
Lyapunov V= 25 ,

n+ 1

V=Scew1+ ZCjCj) =

S(oS — Bsgn(S)) =
o8’ - S| <|s|(S| - p (314

(3.4 , S = L(e, e, ,en) = N(Z,
W), :
M(*) , Z,W , S ,
B V =0,
B .
[6] : B .S 0,
(3.6 , (3.4
(3.12)
(3.4 (3.12) ,
(A(*),
M(*)), A(*) . M)
. 8(*) ;

(3.4) (3.12) (ei= wi—
zi) , (3.4
(3.12) ,

[12] ’
(e1) Be(i= 2,3, )
[8.9]
;’Z ;i+l— e'd?(gl— e1)
I=i=n-1
;,1= ;n+l— 0. (1?(;1— et) (3.15)
;n+l: - B (lf?ﬂ(t;l— er)
) ¢ (3.15
. [8’9]:; —e,i= 1,2, ,n,
ent 1 ",



% 6 H W EE: HEFRRERARE S EA REAR A E eI A 901
6= LA (3.19) (3. 20) \ (2.
e — e1) = 3) cc >3 i
¢( 2 e ) ~ (3.16) [12]
(abs(er — e1))” * sgn(e1 — e1) )
p>0, 1=1,2, n

~ ~

O = L"(abs(e1— e1))” * sgn(el — e1)
u= L" " (ei- e), 1< i=n,

U1 = (eu+ 1 — €n+ l)

Ur= L'[abs(ei — e)sgn(ei— e1)] * (e1— el

)
A~ ~

[abs(er — er)sgn(ei— e1)] T ,

b

X, u=L"X* (e1- e1)

0= LT(XA, A0+ Q) (3.17)
0= (0, ,Ul+1)T ,Q*) = [0,
0, ,&8]"
(- AX X 0 0]
- X 0 1 0
T(XA, A1) =
- A& 00 1
L— A1 0 O 0
(3.18)
&(*) , %
, Al ==i=n+ 1 T(*)
. (4 7
limM—»O,lSiSnf 1, =“- > 0
, ei»e, l=i=n+ 1 _
(3.15) (em 1)
(ei, 1=i=n),
(3.4 (3.12) (3.15) _,em
S B(7). ewi= (M%) = A(*)) + u= et
u (3.4 (3.12)

S=ew1+ u- eo(n+ 1) +

f n ~ A

—IZC]e]"F Cn+](€n+|+ u)]dt (319)
u(t) _IO—LS Bsgn(S) - [chej

Cn+ 1(en+ 1+ u)— ew yde (3.20)
(3.19 (3.20) (3. 15)
, (3.15) ,
(3.19) (3-20)

3.2 PLNS(P= n)

P< n PLNS
wi= wi+1, 1<=<in- 1
wa= M(W) + u
- (3.21)
U= &(U,W)
y = w
CM(*) E(®)
E(w,u) - &z2,vVy, W-272-0 ,
&(*) ;
A(*) 3.1
W7 ., &W,U)-&Z4V)
u-V,
s , zi(1= 1,
2, P ,
(3.1) &(*)
4 JiESEp
,  Duffing Chua's
4.1 FLNS
Duffing
x1= x2, x2= A(x1,%22,p) (4. 1)
A(x1,x2,p)
Duffing A(x1,x2,
p) = L8vi— 0.lx2— xi+ 1. lcosO. 4t
) 1(a)
Duffing , X1
yi= y2, y2= 9(y1,y2) + u (4.2)
.9(*) ; 5(°) =
sin y1,u ,u =
1(b) ; 1(a)
(b) (4.1) (4.2

(y1= wi,y2— x2)



902 = il 5 S i F17 %
2.5 —
1.5} 24 L5 A A -,
2 | £05 \/ /
Xy _0_5[ Y2 ‘;-0.5 \;
16 1 H i
W 15 R
-2.5 1.2 RE—— L 2.5 .
0 20 40 60 BO 0 10 20 30 40 50
¥ tfs
(a) x1vsxa (b) YIVS y2 (¢) (% 1,y1) vst
3 _ e i T — 'y
| =%, 6 | [ttt s, 4 Tk
1 lM f\f'\ﬁ\ \] a2l
| L
: f U | J AAWAVAA
vyt 2|
3 . . . N -6 N : . 2 N N L
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 30
/s t5s tfs
(d) (x2,y2) vst (e) (i1,12) vst (f)y pB= 0.01
1
el = e2 (4.3) ISM s
e2= O+ u ) , (4.1) 2
x2= L8 — 0. lxa— xi+ i1(1) (4.7)
®=sinyr— 1.8+ 0.lx2+ ,i1(t) , i(t) =
x1— 1. leosO. 4 1. IcosO. 4z,
io(t) = x2— L8 1+ O.lx2+ x1 (4.98)
(3.15) E= (e, ex,e3)" X1 , X2
er=e— LA (abs(ei— e1))’sgn(el— e1) ’ (4.8)
~ ,\ “ ~ , Y2 x 2, (4.8)
e2= es— L’Xx* (abs(er— e1))’sgn(er — e1) i2(0) = y2— L8x1+ O.ly2+ x1 (4.9
es=— L'Xe (abs(er — e1)) sgn(er — ei) 1(c) )
A (4.4) ( ISM ) (4.9)
3 (C) (3.19) , )
(3.200 R )
S=z3+ u- z30) + ) B >
. - R - , 1 = 0.01
I(cs(z3+ u) + cuz2+ cizi)d (4.5) B o BB
u(t) = '[O(S - PBsgn(S) - (c3(z3+ u) +
. R R 4.2 PLNS
cz2+ ciz1) — z3]dt (4.6) PLNS Chua®
: Duffing: (0.1,0.2), “*
,,(02913)55(0): O,ZL(O): OvE(O): (0905 X1 = )/l[xZ— X1 — f(XI)]
T
0, s 1 X= 4, (A, A2, A3) X2 = X1— xo— x3 410
= (1,2,3),L = 10, (c1,c2,¢3) = (165,65,4), ¢ ts= — Yoro :
-2 , 9 (d)
y = x1

B

IsSML

f(x)=bx+ 1U2(a- b[|x+ 1] - |«



% 6 H W EE MHNBEER LR SR RAEE R ER T A 903
1.5 — X,
[ "= wWhl(-r.
£ 0.3
kS
=
.5 kL
-4 . NI 6
0 106 20 30 40 50 0 10 20 30 40 30 0 10 20 30 40 50
s tfs 5
(a) (x1,ws) vst (b) (x2,waf — %) vs i (¢) (x3wi) vst
2
- 1|]’ ra= - 1.27,b= - 0.68,% = 10, cz2+ ciz1) — z3|de (4.16)
Y= - 14.28 1z1= x3,22= — Yxo, (4.15) (4.16)
v= w1, (4.10) (2.2) 2 ,
Z1= z2 , :X= 4, (A, x,0) = (1,2,
Z22= - yZ[Zl‘F 1/y22'2+ 1}] = A(ZI,ZI,U) 3),L — 107(01702’03)= (231’ 5074), 1= 2
v= Nl- 1/Yz2- v f(v)] , c(x1,x2,x3)= (1.1,0. 4,
(411 0.25), (wi,waw3s) = (0.1,0.3,0.5), (e1,e2,e3) =
h=12 (4.11) MP (0,0,0.5),u(0) = 0,5(0) = 0 2
wi= w2
wa= 9w, w2 + u (4.12) 5 4t w
wi= Y[- 1/ Yw2—- ws— f(ws)]
() ) 9(*) = sinw1, )
(wi— z1i,w2— z2,w3s— v)
e= e2
2= O+ u (4.13) ’
es= Yi[- 1/ Yer— e3— ’ ’
(f (w3) = f(v))] ’
O= sinwi1+ Y z1+ 1/ Yz2+ v] , X3, ’ £SO
“ ’ , Duffing
ESO
" . . . Chua § ,
e1= e2— LAi* (abs(ei— e1))’sgn(el— e1) , B

2= es— L'X* (abs(er — e1))"sgn(er — e1)

es=— L% (abs(er — e1))"sgn(er — e1)

(4.14)
S=z3+ u- z30) +
I(c3(z3+ u) + cxz2+ cizt)de (4.15)

~

u(t) = ',[(XS— Bsgn(S) — (e3(z3+ u) +

(References):

[1] L M Pecora, T L Carrol- Synchronization in chaotic
systems [ J]. Physical Review Letter, 1990, 64( 8) : 821 —
824.

[2] C W Wu, Y Tao,
tion and control of nonlinear dynamical systems[J]. Int
J o Bifurcation and Chaos,1996,6(3): 455471.

( %% 907 1)

O Chua- On adaptive synchroniza—



%6 T H#%F: AMNBA B FEEL DHRG ELAT 907

Robotics and Automation in Sp ace[C]. Nether lands,
1999. 63-68.
s [4] Simon Lacroix, Anthony M allet, Raja Chatila. Rover

4 4 w

self localization in planetary—like environment [ A].
Proc of the 5Sth International Symposium on Artif icial
Intelligence, Robotics and Automation in Space|[C].
Netherlands, 1999. 433-440.
[3] )
’ [A]. [ C]. Beijing,
2001. 246-250.
(Wang Wei, Qiang Wenyi- Simulation study on a lunar

—

(References):

[ 1] Bettyeb, Burkhalter. Lunar roving vehicle: Historical

origins, development and deployment| JI. J o the
British Interplanetary Society,1995,48(4):199-212.
Larry Stauffer. Planetary surface exploration M ESUR/
autonomous lunar rover[J]. IEEE Trans on A utomatic
Control, 1992, 19( 6) : 494-501.

Junji Aizawa, Nobuto Yoshioka. Designing of lunar
rovers for high work performance[A]. Proc of the 5th

International Symp ostum on Ariificial Intelligence,

robot based on virtual prototyping technique[A]. Proc
o the 2nd Symp asium on Lunar Exp loration T echnology
[C]. Beijing,2001. 246-250.)

[]1]. ,2001, 11(8): 89-92.
(Wang Wei, Qiang Wenyi. Direct adaptive control of a
lunar robot position with high precision using fuzzy neu-
ral network[J]. High Technology Letters, 2001, 11(8):
89-92.)

(L#% 903 )

T Kapitaniak, M Sekeita, M Ogorzalek. Monotone
synchronization of chaos[J]. Int J of Bif urcation and
Chaos, 1996,6(1):211217.

M di Berdnardo. An adaptive approach to the control

and synchronization of continuous—time chaotic systems

[JI. Int J of Bif urcation and Chaos, 1996, 6( 3) : 557~

—

of a class of strictly different chaotic oscillators[]].
Physics Letters A, 1997, 236( 1): 307-313.

Ricardo Femat, Jose Alvarez-Ranurezm, Gullermo
Ferbabdez-A baya. Adaptive synchronization of high-
order chaotic systems: A feedback with low -order

parameterization[]] - Physies D, 2000, 139(1): 231-246.

568. [10] Chen C L, Lin W Y. Sliding mode control for nonli—
near systems with global invariance[ A]. Proc Instn
Mechl C]. Engrs, 1997,211( 1) : 75-82.

[ 11] Slotine J E, Li W. Applied N onlinear Control [M].
NJ: Prentice-Hall, Englewood Cliffs, 1991.

[ 12] Naresh Sharma, Edward OTT. Exploting synchro—

[ 5] Sira-Ramirez H. On the dynamical sliding mode control
of nonlinear systems[J]. Int J Control, 1993, 57(5):
1039-1061.

[ 6] Her-T erng Yua, Chua® Kuang Chen, Chieh-.i Chen.
Sliding model control of chaotic systems with uncertain—

ties[ J1. I'nt J of Bifurcation and Chaos, 2000, 10(5):

nization to combat channel distortions in communica—

1139-1147.

The-u Liao, Nan-Sheng Huang. Control and synchro-
nization of discrete-time chaotic systems via variable
structure control techniquel J1. Physics Letters A, 1997,
234(1): 262-268.

[ 8] Ricardo Femat, Jose AlvarezRamirez. Synchronization

tion with chaotic systems[J]. Int J of Bif urcation
and Chaos,2000, 10( 4) : 777-785.

[13] Hector Puebla, Jose AlvarezRamirez. Proportional—

integral feedback demodulation for secure communica—

tion[J]. Physics Letters A, 2000, 276( 1) : 247-256.



