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Abgtract : Based on L aplace transformation theory, the generalized synchronization of the fractional order chaotic
systems with the same or different structure are studied. Two new different nonlinear controllers are desgned for
synchronizing response system and drive system. Thefractional Liu system and the fractional L U system are taken as

examples. Numerical smulations show the effectiveness of the proposed method.

Key words: Fractional order; Chaotic system; Generalized synchronization

Liu
; Liu LU
’ (5]
Jerk (1 Chen (3]
Liu ) LU G 2
' , dx(t/df = f(x(t),0,
, dy/df = g(y(t),t) + u(t,x
[&10] [6] x(9),y() R f g
, (D 1
Rosder ; [7] Ju(t, x,y)
, B =8B, B} e=y-Bx.
. 2007-06-18; : 2007-09-10.
(60174005 , 60774060) ; (B G2006042) .

(19709, ) ' )
(19399, , ) )

Y) -

(1)

R" >R

2



1026 23

28) , a 0.1 0.9 : (3)
u, Xo Yo '
Ilirl;lll ell = Itir;rolll y() -Bx()l =0. f g
f g
Wang Liu ,
La ™ L
-25
, 5070 s
Iy 2 o =0.9 La

Ui
iu 3
d'xi/df = alxe - xi), Liu
d' x2/dff = bxi - pxixs, (2) 2
d' xa/ df =- cxs + hxi. , dz/df = a(z - 2) + u

) a=10,b=40,c=25,p=1,h= d'zz/df = bzi - pzazs + e, (4)
4 (2 ' ' d'zs/df =- czs + hzf + w.
a, o 0.5,0.6,0.7,0.8 0.9 ( )T
u= (W, e, w
2
) a =2z-Bxi,e =2 -Bx2,e8 = 2z - Pxs.
1.5, 1 1
' w =- ae,
t =- kee + pB° -B) xixs, (5)
100 w = h@ -B? X
80 k > 0. (2)
| (4) :
40f _
20 1 Liu
-30 -2.0 -ll() (l) 1l0 2l0 30
X, B =1, (5) w =- a2,k
(a) BHEHLivE RS T - ke w =0
30 Liu
70F k
x3 50_ 1 ’
B :
S0r Liu ,
10 . . + + . .
-30 -20 -10 0 10 20 30
X, (5) 4, (4)
(b) a=0.9 i & BN LiwiB i 5| F (2)
1 Liu de/df =- a1,

LU 5] de/df =- ke + b1 - pee - ©
dyi/df = 1(y2 - y1), Pxie - Pxsa,
dy2/df = qy2 - y1ys, (3) de/df =- o + hel + 2B x1e.
dys/df = yiy> - mys. -

(I,m,9 = (36,3,200 , E(s =L(e(D),i=1,2,3;

a, (35,3, L(de/df) = SE(9 - $"a(0).



1027

(6) , d (x +d (x _
($E(9 - €'a(0) =-AE(Y, S+ k ]
EE(9 - €10(0) = ”m-_ps_Elj_s)jj_s);%(L(_xlg);s_(_mn,
s -0 + k
- kE2(9) + bEs(9) - pEi(9 B (9 - (7 lime () =limsEs(9 =

B (L(ue) +L(xe)), $e(0) + IsER(9 + 2Bs (e) _

$E(9 - $'e(0) = lim g +c -
- cE3(9 + hEi(9 +2BL (xi&). I 2BsL (xie)
. m $ +¢
o y M >01
. - iim =2 _ g

limea(t) = limsE:i(s ,
t oo () s -0 1(9 s0 § + a | x| € M,| x| €M,

Itim&(t) = IimsEz(s) = | L(xies) | £ M| B(9 |,
<
Iima + E mE | L(xs&) | £ M| E(9 |,
s-0 d + kK ) | L(xie) | £ M| B(9].
limea(t) = 0, lime(t) = 0,
120 t o t oo
!imez(t) = 0.
80} , (5)
N
Rm ’ (7)
40 , Liu
p . O
0 L L L o
30 -20 -10 [1] 2B 1§
. e . a=0.9 ,
(a) BIEW 5] T (5) k=1, B-=05 P
5 — =- 1.5, 3 4
eZ
i - 100}
¢
I
Y PASES SO
‘\_/" >€
-1 . . -100
0 1 2 3
t/s 200 L— , i i
) U ERLIRE -40 =20 . zO 20 40
10 — (a) IR T F
z 0 //
- 6P\‘ : 2
-10 i —— e
-15 -10 -5 0 5 10 15 20 5 l
xl
20 o P
7
; " // 2 -'\j'./?\/
-20 -6 L L "
-30 -20 -10 0 10 20 30 0 1 2 3 4
60 X, t/s
_—T1 (b) ITXBERERDIRE
Z; 30 _
4 B=-15
L B
0 b= ., B =05 |, t>4s,z =
0 20 40 60 80 100 120
X, 0.5X1,2 =0.5%x2,2z3 = 0.5x3; B:-l.5 ,
() I~ X1 & t>5s,z1=- 1.5x1,2 =- 1.5% ,2 = - 1.5%s.
, Liu )

3B=05



1028 23

4 (9) : Liu
Liu LU LU |
. (3) ] 2dB
Liu , o =0.9, k=1,
dxi/dff = a(xe - x1) + w, B =2, 5
d x2/df = bxi - pxixs + W, (8) 120
d'xa/ df =- cxs + hxi + .
_ T _ 80F
u= (w,w,w) . @ = g
Xl-Byl,&:Xz-Byz,ea:m-Bys < 40
w=- ae + (I - a)B(yz - ), -60 -20 xfoyz 60 100
k =- ke + (B2 +B) yr1ys - 9 (a) WL B F
By: - By
L ——— ey
w = (c- mBys - By +Byiye. “on —
k> 0. 2 ZO'IHV\
(4) , € | X
' 0'\,/}"‘~'-" o
(9) (8) , (8) 20 . . ;
(3) 0 1 2 3 4
t/s
de/df =- e, (b) |~ XEFE LR E
de/df =- kez + ber - pere - 100
(10) -
Byie - Pyse, X 25 ot
des/df =- o + hel + 2B yia. 5o LT
(10) ’ -30 -20 -10 0y10 20 30 40
SEi(9 - $'a(0) =- aEi(9, 100 =
SE(9 - §'e(0) = X, 0"sz;;;;;?
- kE2(9 + bE1(9 - pEi(9 E(9 - (11) -100 ]
|B(L(y1ea) + L(ysa)), -30 -20 -10 0 ly(: 20 30 40 50
$E(9 - €'a(0) = L i
i e
- cEs(9) + hEi(9 +2BL (y1@). * 75 /M
0 f’/—— i i
0 10 20 30 40 50 60
lime (9 = limsE: (9 = lim<2{Q _ o ¥,
toe -0 s0 S + a () " XHE® =
!lﬂrga(t) = IslzpsEz(s) = i
lim = psE:i (9 B (9) - @(si_(yggn +d (v:e1))
0 $ 4k ' , : a.e
. t25s  x1 =2y1,X = 2y2,
. o _ . 2Bsl (vie) &
!Iargea(t) - IJTSE3 (S) B lsIP(;] § + C ' X3 = 2y2.
, N > 0,
| yva| € N,| ys| £ N, 5

| L(yie) | < N| B(9 |,
| L(ysa) | < N| E(9 |, ,
| L(yze) | < N| E(9 |.
Iliarges(t) =0, Iliﬁrga(t) = 0. , ,

IN



1029

( References)

[1] Ahmad W, Sprott J C. Chaos in fractiona-order
autonomous nonlinear systems[J]. Chaostic Solitons
Fractals, 2003, 16(2) : 339-351.

[2]Li C G, Chen G R. Chaos and hyperchaos in the
fractional order Rosder equations[J]. Physica A , 2004,
341(1) : 55-61.

[3]Li C P, Peng GJ. Chaos in Chen’ s system with a
fractional order [J]. Chaostic Solitons Fractals, 2004,
22(2) : 443-450.

[4] : .

[J1. , 2006 , 55(8) : 3922-3927.
(Wang F Q, Liu C X. Study on the critica chaotic

system with fractional order and circuit experiment[J].
Acta Physics Snica, 2006, 55(8) : 3922-3927.)

[B]LUJ G. Chaotic dynamics of the fractiona-order L
system and its synchronization[J]. Physics Letters A ,
2006, 354(4) : 305-311.

[6] Peng G J. Synchronization of fractiona order chaotic
systems[J]. Physics Letters A, 2007, 363 (6) : 426
432.

[7] Wang J W, Zhang Y B. Desgning synchronization
schemes for chaotic fractional-order unified systems[J].
Chaostic Solitons Fractals, 2006, 30(5) : 1265-1272.

[8] Li CP, YanJ P. The synchronization of threefractiona
differentia systems [J]. Chaostic Solitons Fractals,
2007, 32(2) : 751-757.

[9] YanJ P, Li C P. On chaos synchronization of fractional
differential equations[J]. Chaostic Solitons Fractas,
2007, 32(2) : 725735.

[10] LUJ G Chaotic dynamics of the fractional-order keda

delay system and its synchronization[J]. Acta Physics
Snica, 2006 ,15(2) : 301-305.

( 1024 )

( References)

[1] DoyleJ C. Robust and optimal control[ C]. Proc of 35th
|IEEE on Decison and Control. Kobe, 1996, 2: 1595
1598.

[2] Zames G. Feedback and optima sendtivity: Model
reference trandormations, multiplicative seminorms and
approximation inverses[J]. IEEE Trans on Automatic
Control , 1981, 26(2) : 301-320.

[3] Doyled C, Qover K, Khargonekar P, et al. State space

[y

olutions to standard Hz2 and H« control problems[J].
IEEE Trans on Automatic Control , 1989, 34(8) : 831-
847.

[4] . He [M].

, 1996.

(Shen TL. He control theory and its application[ M ].
Beijing: Tsinghua University Press, 1996.)

[5] Zzhou K, Doyle J C, Gover K. Robust and optimal
control[M]. London: Prentice Hall , 1996.

[6] lwasaki T, Hara S. Generaized KYP lemma: Unified
frequency domain inequalities with design applications
[J]. IEEE Trans on Automatic Control , 2005, 50 (1) :

41-59.

[7] Hara S, lwasaki T, Shiokata D. Robust PID control
usng generalized KYP synthesis: Direct open-loop
shapping in multiple f requency ranges[J]. |EEE Control
Systems Magazine, 2006, 26(1) : 80-91.

[8] lwasaki T, Hara S, Yamauchi H. Dynamical system
desgn from a control perspective: Finite frequency
positive-realness approach [J]. IEEE Trans on
Automatic Control , 2003, 48(8) : 1337-1354.

[9] Iwasaki T, Hara S. Feedback control synthess of
multiple frequency domain specifications via generalized
KYPlemma[J]. IntJ of Robust and Nonlinear Control ,
2007, 17(5/6) : 415434.

[10] Dehghani A, Lanzon A, Anderson B D O. A two-
degree-of-freedom H-infinity control desgn method for
robust model matching [J]. Int J of Robust and
Nonlinear Control , 2006 ,16(10) : 467-483.

[11] Hammer J. Approximate model matching for norr
linear control systems[J]. Int J of Control , 2000, 73
(18) : 1671-1685.



