20114 9 A
w28 HB5M

Journal of Zhengzhou University ( Engineering Science )

BMKEER(TFMR) Sep. 2011

Vol.32 No.5

XHHmE 1671 -6833(2011)05 - 0061 - 05

B ERSRERESHRREEREREEPINA

¥R, kA, B

(1. BEMSMEAKRYE AEEE, T BER 21001652, MM T ¥5 HAF 8 TRER, W BM 450002)

B E.HATEARERAEPDIFEANRALZAHS ERLKL YR Y FM. A F Lyapunov # &
BERPFREEBRENTE, R TEREERAMEHNE RARREDLAAPARERAAERNE
HEMREEFEREARY. U7 AR ELHAALEARRELBAIRRAFHHLTR . XARAT R
HHEREBURE  AARBNZAEASEE R TEAFF RN SRAGEFEASCRAA HAF X

AR TARFEHNFEPRERRF KRR RS,

XBA: HELERYRT; EHLEEFMEN FERE ;BALRR

o i %S TP273 ARIRET: A

0 38§

MTFRERSEES £ . T8, %321
FEESTRM BN, EBECIRT S5
SEWERE,FRETREFRRRE" . &
I, CER(4) R T — R FH K FE S TR —B
FREBRERS BEREBRERL LA AT
WMRBRERTFES EEA R RRATE
EHELet, B, EERBEEFPEEERBEA
MR FERR. XMFHREARESIRTHREE
MrrExa " HEANBERKRERS N
BAEALBTRESENAREN, TRAS
BREEMI R TR RAT7ELIRM AR, RERA
B LSRN RRERE B BEEHRER
BEEENER. B, HRAARINBEERK
BRERSBEAEEENBEISNEMTREEX.

B 3B o7 M ] R AR R 5 B E R
HES RBRSECRBEMI AR REN
—F BRI R B E KT Lyapunov B2 E
MM SRR, R TE S
M EER B, LB T EA RICES HA
SARAKBMEAEMBERAENEERSRBER
5, 30 o AT 2 T 1R 0 O IR v
WREBED ERER. FRESETRETR

W B %5 :2011 - 04 - 21 ; 41T A #A:2011 - 06 -29

JE R MR S0 B H R K T B, 8 5 T R R
BREBFHREBER . FRESHUERY
BE. & F MATLAB WBEHARA TR RA
ERFABEMREE.

1 (o) B
FEEMTERXIMEMES RS

’.i;(t) =f1(x1 x2s""% x..) +F,(x,,x2,"', xn)0+‘fln(t)
) xz(t) =f2(x1 X2s"""s xn) +F2(x1 Xyttt X, )0+l€'(t) (l)
£.(6) =, (5 e 5,) +F (3 oo 2, )0+ (2)
AL B e N R G R

(3.(2) =fi (71,9257 3%2) +F1(31,52,0,7.) +

(0+A0) +d;(t) +u,(2)

y'z(‘) =f2(.71 ’yZv"'yyu) +Fz(.7n72"”vyn) .
] (0+A8) +d;(¢) +u,(t) (2)
jn(t) =fn(y| 3Y24°"° ’yn) +Fu(71 172""97n) .
L (60+A0) +d.(t) +u, (1)

A x(t) =[x, ”‘z""vxn]T: y(t) =0[y,72,,
I AN EHEREHNEMERENRE N E;
F.(x) ,F(y),i=1,2,,n 43R nxm 45K
F(x)MF(y)B% if7. F(x) M F(y) MICE R E

XLTH :BEFARMNEESFE E (90716028) ; HE A AP £ 5 & W EIR H (61070238)

HEEBA HIE1981 - ) & AEEHABERMSMRKEG LA, MR T F VI, BT R LT
A4 B 5M A LE - mail . fang051 1 jie@ nuaa. edu. cn. BRSEH B K4 (1942 - ) B IHEEA WM
SRR KFEE 1G4 5, E-mail : janges@ nuaa. edu. cn.



62 HHXE¥XRR(T¥MRK)

2011 4

AR :0=(0,,0,,+,0,]" Rmx1 48
HMBYEE;00=[A0,,A0,,A0, 1" W ALK S
BB ;d™(¢) = (a7 (¢),dy(2),,d7(¢)]" #n
d'(¢) =[di(2),d;(2) ,,d.(¢) 1" B XKz &
BN RG R RRSD u(e) = [y, (1),
u (2) o ,u, (8) 17 R BB B A .
TESCERBYRGE (1) FIR R R S (2) 2 A R
BRENe(t) =y-M(t)x,Hh e(t) = (e, ,e,,
"'ye,.)T-M(t) =diag{m1(t)»mz(t)f”:mn(t)}
(M(t) eR™,m, () REZTMARESRA
m(t)#0) EMQG) REBRERTFERE,m, ()
HERBREREF. MR ARG (1) Fimg i R4 (2),
MRFEEHEA u()EBANEEWEB RN R
G(HMRECR)HE lim || e(#) | =0, AFR
Z(MRGEQ)ELATBERHRERS.
B EREXAIBR().QBREHHELEH
BA
e.(t) =fi(y) +F.(y)(0+A0) +d;(s) —mf,(x) -
mF ()0 -md(t) -mx, +u,(t),i=1,2,-,n
(3)
TFTER.ZZE(MAMRKQ)WBERKBRER
R AL IR E R (3) Mk E 1 8 3.
BRELBBREEF m, () RERW, WELEE
¥ a,,i=1,2,---n [fi15
Im,(t)l <a;,i=1,2,--+,n (4)
Bi& 2:5M R 403 47 (¢) 4 () RERW, EE
ER¥B,i=1,2, ,n {518
Id7 (e) 1 <B7,1d; (¢) 1 <B,i=1,2,-+.n (5)
BRig 3:46BE1 B2 048, —FHEEEY
¥pB.,i=1,2,-,n,[HHB
Id;(t) ~m,(¢)d"(¢) | <B;,i=1,2,-.n (6)
ELHTREERERNTREHBRITZEACSHEN,
HEBRE 1 RASHE. i, B FRERELY
FH, FHb B2, B8 3 24K,
E2.Z2EHWEHBRHP  AERDERAHES
AR BRAENEE, B B,,i=1,2,,n %
A IEH$.

2 EHHEMBERHBEET

ARG SRR 5 B R M
4>
(D EER. 3%

5, () =Ae,(2),i=1,2,-,n (7)
H s, (1) eR,s(2) =[s,(£),5,(2),,5,(t)]
NBEH R BEESEA,,i=1,2,,n %8
ERIER &

QIBBERILEMERIT I THEREE
GRBRNAEREHBET L, F RS RS
L AR AN T T S A 2 A [ A e 8%

u, () = -£,(y) -F,()0 +mf,(x) +m,F,(x)0 +
mx, —Bisgn(si) —Fi(y)ao ~-mnsgn(s;),i=1,2,
seeun (8)
HA B, A0 RfEHHE s, >0 Hin ik, Ak g
BT Y AT

HT ML MRS B W, &
HITF i EER .

AO=[F(y)]"y, A8(0) =Ad, (9)
é;’:’\'ilsil’ B.’(O) =Bao,

ﬁqj Y= [/\151 sA 38, ""yA,,s,.]TyAao ,ﬁmﬂ‘jmﬁﬁﬁ-
5| ¥ 1 ( Barbalat 5| ¥ "% ): MR u(e): [0,0 ] SR

R—D—BUES K, FIE lim [ (0)dr #EER

BRI o0 B (1) 0.

R 1T b IRE) R (1) RO R (2) R

B R RGBS B0R 5 40 3 R0 25 R 5

FHEBRG MRS R (8) A B ER(9), ]

R (1) MRS (2) LI R 5.

UEHH : #E#8 IE £ 4 Lyapunov &8 ¥k
0 =558+ (B-p)" ] +L 1052017 (10)
#ERRS,TAH
V(8) = 5 [sis + (B -B)B,] + (A - 20)"AD

(1)

B 5.(0) =46, (e) , 43R (3) s 28 (8) e gy

R (9) A LR 78

V(8) = 3[4, ~F,(3) (A0 - A8) +di (1)

-m.d; (t) _Bisgn(si) - 7,sgn(s;) +(Bi -B)A; -
Is;t]1+(A0-A0)"[F(y)]"y (12)

BY  TAsF(y) (AD-A0) = (A -A0)" -

[(F(y)1"y,
RN

V() = 2 (A5, (di(2) - m,d7 () -Bsgn(s,)

-ﬂisg“(s.-)) +(Bi =B)Als 1] (13)
MR 1,2,3,748

V(t) Sig[Ailsi 1B _AisiBisgn(si) —MA;
sgn(s;) + (B, =B Als 1] (14)

Is; |
FA— RS R sgn(s,) 7118

V(t) Sigl[’\i Is, 1B: = Als, IB-‘ =mAls |+



E5W

Fi i, % RN IE R RS TR R EREERS PN 63

(B, -BIA s ) 1= - Sa.hls) = —klsl - (15)
Hep k= [mAnnz)tz—,m,n..A.],niki>0,i=1,
2,--,n,lsl =[Is,|,|sz|,"-,|s_l]T. F&

V(1)< -klsl <0 (16)
¥ (16) B 31T B I SRR R, AT 48

lim f ( ~klIs1)dr=V(0) - limV(s) <0(0) (17)

t—x

g1 Barbalat 3|5 1,718
lim( -klsl) =0 (18)

t—x

HFERkPAEHATR, BithmK(18) 7R
lims, =0. {E 5.

$—+ o

3 (hEXE

W TRIF LR FEMIERME, UXHI11]R
HE BN EREREABHTHE, B R
GREFBN:

x=f(x) +F(x)0+d" (1) =

0 %-%, 0 0 0 7r3s dy ()
-x,%, +%, 0 x 0 0 |13 d; (t)
%%, * 0 0 -, O 3 * (1)
0 0 0 0 -xjl8 a7 (t)
(19)
IR BB R GERE T EH
y=f(y) +F(y)(0+A0) +d' (1) +u(s) =
-0 Cy, =y, O 0 0
TN Y 0 5 0 Y
Y1Y2 0 0 -y, 0
Lo L 0 0 0 -y,
(r3s7 [A6T) [ [u
35 + Ad + 42 (1) + t (20)
3 Ag, d; (1) u,
8 A#, d; (1) u,
BB B N

s, =5e, ,s, =5e,,s, =4e,,s, =6e, (21)
MAMHBHEN
(u, = =35(y, =y,) +35m,(x, —%,) +m,x, —
Bisgn(s,) = (7, —7,) A,
u, = =35y, +5,7; =¥, +35mx, —m,x,%; +
I myx, +myx, -B,sen(s,) —y,AB, (22)
u; =3y, =91 ¥, —3Myx; +Myx,x, + My, —
Bysgn(s;) +7,48,
lu, =8y, —8m,x, +mx, - B,sgn(s,) +7, AD,

O ES B A0 = [2cos(t) ,2cos(t) ,2c08(2) ,
2cos(t) 1, 3K 3h R G5 AR R G RBIE D FH (5,
2,4,4)1(2,3,5,1) , RBRERTFEEM(:) =
diag{2 +0. 1cos(¢),2 +0. 1sin(¢) ,3 - 0. 3cos(t),
240 2sin (2¢)}, 50 RFRDHHLI() =
0. 02x,s5in(10z) ,d; (¢t) =0. Olx, sin(20t) ,d5 (t)
=0. 02x,sin(10t) ,dy =0. Olx,sin (20¢) sdy () =
0. 02y,sin(10z) ,d; (¢) =0. 0ly,sin(20¢) 3dy(t) =
0. 02y,sin(10z) ,d; (t) =0. Oly,sin(20z). 5 E
R 1 FioR. BFEGRAA, EERHBHER
T REBEBSWERE= Je+e; +e +el,
AEREHHMAHEMEFRENREZER p =
((AB, - A8,)" + (AD, - AG,)” + (AB, - A,)" +
(40, - A8))T i 2 45 B IR 40 7R 5 U B
WEE. FIBE, A 5K B B, B, B, B, ABHE
MBAE R RS THEE

X T RIFE R AARTH
RSB AL LA RN S EE, T ST
(5] b B i 11 i 4 o 28 xR PE R 42 (19) 1 (20)
HOTRSHE HEFPHESHENEEM LM
A ESERME 2 iR BE2H B RE
AN RGERRS AR BEIARL,H
RRUEZERAAHFERARY. X wE 1 B2
e % R SEBR R 4 P R 3 S UK L B 1 6L
F.E2ERETNENFEEREEF—£.

¢35 10 15 20 25 30
B (& /s
() BHARZEL)SMERK(2)RSRLEAM

%
|

]
S
T
1
vl
= ) P 30

—
th
pr

REBWB fiiHE A
P2

05 10 15 20 25 30
B & efs
(b) kB M B, .6, .8, .0, WEITE



64 MMHAE2R (T %K)

2011 4¢

ol

TS0 15 0 5 30
B (8] /s
(¢) FEESHHGHTEMNTHEHNRERY
M1 BRAERGHTEIREEEBSHNE

Fig.1 Modified function projective synchronization

simulation diagrams of hyperchaotic system
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Fig.2 Error time history curve between driven system

and response system based on controller designed

in reference[5]
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Fig. 4 Secure communication simulation diagrams
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Research of Chaos Modified Function Projective Synchronization
and Its Application in Secure Communication

FANG Jie'?, JIANG Chang-sheng ' DENG Wei®

(1. College of Automation , Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China; 2. College of Electric and
Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: In this paper, the modified function projective synchronization problem of chaos system with mis-
match parameters and external disturbance is investigated. Based on Lyapunov stability theory and sliding
mode variable structure control method, the robust adaptive sliding mode controllers (RASMC) are designed.
By using RASMC the drive and response systems could be synchronized to a desired scaling function matrix.
Suitable update laws are designed to tackle the uncertainty parameters and external disturbances in this meth-
od, so the bounds of the mismatch parameters and external disturbance do not need to be known in advance.
Moreover, the proposed scheme can be applied to the secure communication. Numerical simulations confirm
that both the synchronization approach and the secure communication scheme are effective.

Key words: modified function projective synchronization; robust adaptive sliding control ; secure”communica-

tion; chaos system



