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Abstract

In this paper, the finite time stability and synchronization control of fractional order chaotic sys-
tems are studied; based on the Lyapunov fractional stability theory, the determination method of
finite time stability for a class of nonlinear fractional chaotic systems is proposed, and it’s more
generic than the existing results. And the synchronous controller is designed by the method; in the
case of all the variables are met in the system, the different structure of the driver system and the
response system are synchronized. Numerical simulation results demonstrate the effectiveness of
the proposed method.

Keywords

Fractional-Order Chaotic System, Finite-Time Stability, Synchronization Control

SR ER G B RITERE M5 A
o] S

X4, HHE

W5l KERCERE A e, NS BRI
Email: 1534344278@qg.com

ks H . 20174E4H29H; A B 20174F5H13H; KA HM: 20174854 17H

HE
AT T 70 BB IR R G PR RV e 1 & R R P 46, I 2 T Lyapunov i B e tE B R4 Y T 41

XESIH: XY, mEE. IR RS R R Y i KRB R D], B %, 2017, 7(3): 168-175.
https://doi.org/10.12677/pm.2017.73022



http://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2017.73022
https://doi.org/10.12677/pm.2017.73022
http://www.hanspub.org

KL, B

X —RAE LM BRI R ST R MR AT E, SIANERMEEERLFT & A
TEwH T RSP ERES, ERERATARER ANE T LI T RS REN NN R AR RS HEH BRI
IR . BUEDT RS Rt —PRAE 727 ki k.

XK ia
AERIERG, AR ERE, FPEH

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

B 2> BN AR BRI R, B IR TE R AR E MR AR B 1 B AT R ok W
B S AR A B 7 BK 3 7347 D R ST A P o A S A RT DA R e A SE B 0 ER B B [1] [2] [3]
[41. VRIE[E TR A5 U2 B AR 2 CARRATA RS, AATARZRSR 1) T 1R 2 M B A IR R 50
2059, WA g kit HE N BOBIER]E. BkehizHliE A Backstepping 12 HVASE,
Frdt—BHET B T o iR sl R 4E[5]-[13]. (HAR2, XLETE R X R guAe € sl A g AT 1 W s [14]
[15] [16]. K1, FESKPRRHI 2, 52 (2 BRI R G RENSAEAT BRIN (R A, DA B 7 250
ARG RN . 386, AEBCTHAT BRI (RS E F i e, # A7 AR R I M MOR I, AL R 4
BA T H I K& BTk

B > BT IR R ST BRI ()RS E , B R A SR 7 B o BB A5 21 T — D B iR R o
B AN () A2 e B, JESEIL T /BB Lorenz R Gu AT BRI [BJAR € [17]. XGRS IT T80 2% - 1
H OB R SA RIS TS E 19 shizhl ik, 45 1 BB R R S A BRI RS € 10— S8 70 4%
P[18]- Jun Shen BT ST 1 AF Lk 7> K AR GEAEAT BRI 18] A ANAF AEREE RO, HE8 1 AR R ST BRI
ARG E PR BRI I AR [19] o FEARERNE R AT BRIN (RIS S BEAR vh, Wk B S5 T od o By I AN AR B B e th 1
WAL R GUA PRI AR € I 78 70 261 [20], A ARSRAINI P, (HO= RO A0 BB Rt R 58, X
T AR L R G0 PRI TR P B AR F08 4 R PR

ASCE St Xt o iR R g8, A8 A AT BRI (R AR E BRI 2k Atk E, B IE — AR SR R E
PR KL, HISS T ARG Lyapunov BRI AR OANIE ) S AR (SO VRAE D LIt [ DX 8] bt B s B i e ),
DM RPE B A 7550t 7 R4 g, eIl 7 Rsh RGN RS, el 07 5Osese, Rk
T DT A AT R

2. THHMRR

DEE I B SE T TR 2 ME X, SRR Caputo jE€ SUIE R 7T T A .
I B R o 5 SN

()= (t=2)" f (r)dr. (1)

Caputo 7> EBir s 3 5 SN


http://creativecommons.org/licenses/by/4.0/

T

nﬂf
%\k\
i

1 t _ n-a-1 (n) _
. . F(n—a)'[o(t z’) f(r) dr,n-1l<a<n
oD f (X) = 2
df(t)
a"
Hrr, T() > Gamma L.
M 0<a <1, Caputo 7B sy 1SS T
f(t)=f (@"’ﬁﬁ(t —T){H ‘D f (7)dz. (3)
FE 1. WS H Mittag-Leffler pR3E U
0 Zk
E.»(2) =k§m (4)
e, >0, z WEH, T()N Gamma H%L, I Laplace k& LA
_ﬂ 1
L{"E, , (-at”)) = Si — R(s)> 4.
HrR(s) As s, 2eR, L()A Laplace 254k,
B REUN N AR L 2 B R R
SDEx(t) = f(x(t),1). ®)

Herae(0,1), x(t)eR"NRGURE, x(t)=%, f:R"xR— R"Jyifi /5 Lipschitz 51 ¥E Lk Mk i
SEL 2. R ENILEN %ty =0 FliEH ¢, c,, T, Hrhe <c,, Wi
%[ <c.=|x|<c, vte[0,T]
WFK R GE(5) % T (0,¢,,C,, T) A PRI AR5
513 1. WA >0, a(t) e XAE[0,T] EimmnBUEE KA, o(t) e XIE[0,T] LidesiAn
WESLREL g(t) <M (EED, fAE—ANESURE TR Hu(t) € [0,T ] W2

u(t)sa(t)+g(t)ﬁ(t—s)ﬂ'lu(s)ds. (6)
War—Ef
< J & (gmrp) np-1
u(t)_a(t)+.[0 ;W(t_s) a(s)|ds. @)

EOL WRSIE 1 boat) E [0T] k2 AW D, o4 w4 g AR
u(t)<a(t)E,,(g(t)r(a)t*).
51 2. R GDIx(t)<0, M4 x(t)7E[0,+00) FHYAWRD: FH DI x(t)=0, N x(t)7E[0,+0) F
LRTRCYIIR
TER: RBUEMT 51 BT 300, 5 i BB R . O §DEx (1) <0, FrbA—@EALEE ST
PR HLy (1) 113
sDIx(t)+y(t)=0,



KL, B

sDIx(t)==y(t).
5o (8) SR PHIA I L @ B A4y SO AT
x(t)=x(0)==5D“y(t).
HHL >4 200, A x(t)-x(t,)=Diy(t)=0,
313 24FEE.
BIEE 3. ¥ x(t)e R" HAHELEM—H G4,
%ngxTﬁ)Pxﬂ)sxTU)Pngxﬁ)
Hort P R HERE I n B IF 52 HERE
3. EEZR

3.1. BREERENMSIHT

BB ARIER] T X(t) 75 [0,490) b3 i

®)

©)

(10)

SEH 1. HERA(L), MLAEVIERNZIt, =0, # 77 Lyapunov BEV (xt) » g(t) AsE XLE[O,T] L

FIHE AR DR SR, o, f AP k -SRBRE, A A2
1) a () <V (et) < (K.
@) SOV (x1)<g(O)V (x.1),

3 a(cz)zﬁ(cl)+ﬂ[g(g t)) ) (t—S)""’lg(s)ﬂ(Cl) ds.

(
= I'(na)

M2 ZG8(5)%T (0,¢,C,, T) A PRI A FaiE .
B X2 (2) 3 [F) I L o B AR 23

V(x,1)-V (0)<

AV (0)=V (%,0), H@1)RPLFER L g(t)
)

S EE K S

% xol<c, Bkt LAV (0)< B(c), RA@I)RTHE

||x||sw{ﬂ<cl>+f§ e <t—s)"“-lg<s)ﬂ<q>]ds].

()

(11)

(12)

(13)



XY, mRE

H&EQ@) AT x| <c,te[0,T], EEE LIk,

H 1. FFFBIERG(5), ALAEVIAIZIt, , #AE/E Lyapunov B3V (x.t), g(t) g XFE[O0,T]
ERAR AR DB R, o, NP kBB, AL

(1) WREH 1 M&MFQ), ()

@ a(c,)z B(c)Eus(GnuT) -
Heg, :Q?%{Q(t)} o MARS(5)KT (0,¢,C,, T) 7 PRI A1 ARE o

{ERH: HyE 2 A1(13)= 15
"X" < a_l (ﬁ(cl) Ea,l (gmaxTa ))

HW x| < RIBRIEQ@HF|X|<c,te[0T]. HEid 1IEEE.

VE 2 SCHR[2] [3] [AVFEWER BN AR L 248 Lyapunov F25E RS, FFEH Lyapunov B8R/
(SDFV (x,1)<0), {ERMEH 1 RHfER 1l BURIL, 765509 R G047 BRI IR A M o047 oh R R T B
WA, X B RS0 BRI R Fa e A Lyapunov £ 52 ISR 2 b
3.2. ESEHISFEIT

2 R84 B R S YR R G AN R B R B TN -

oD x(t) = Ax(t)+ f (x(t)). (14)
oDy (1) =By(t)+ g (y(t))+u(b). (15)

vE 3. HEIFELERI R 23 B AR R IR R A H T AR s N(14) 3, W Bin 4 — R4, 25
Rossler 24155 .

AL IR ZE e () = x(t) - y(t), ASCHFEHIRREITEENRGERFA U(t), H3572E R
F(0,c.,0,, T) A PRI A1

R 41 (14)(15) 13 R0 iR 2 AT L

5Dfe(t) = Ae(t)+h(xy)-u(t). (16)
HArh(xy) = 1 (x(1)) -9 (y(t))+(A-B)y () -
T SERRPEA 7 B R R G A BRI TR [F)25, w LAt R 4 il 2%
u(t):Ae(t)+h(x,y)_%g(t).e(t). (17)
Horr g (t) AsE AE[O,T | 1 i 4 ANk A e 45 b 4

EHL 2 X T48 e VIR % t, = 0, 78 [F25 1 i 3% (L7) RO VE I R AT Se B BR 5l £ Go(14) M 3. R 48 (15) < T
(0,c,,c,, T) A BRI [FI

HEHA: Kl s (L7) RN DR 22 7 FE(16) nT 13

« 1
cDre(t)=29(1)-¢(t).
HY Lyapunov B% NV :%eTe o It H 2 [ I B o Y S8 S D 453
¢DV = ng%eTeﬁeT‘th“e :%g(t)-eTe: g(t)-v.

HIAER 1 TR 2 R T (0,¢,,C,,T) A PRI A RLE .

EF 2 9FEE,



4. BUETHR

PiF K3 R Gt B 7 BB Liu REGE(K 1), WIRLRGER N7 HE Lorenz R GE(151 2)0 XK 2k &
Or B BOE FEA AR 73 20 3 N

-a a 0 0 -a a 0 0
A=lb 0 0 f(x(t))=|-dxx, [, B=| b -1 0| g(y(t))=]|-xx
0 0 — hx? 0 0 —-c X, X,

{EROEIYIE M x(0)=[0.21 -0.15 032 1], y(0)=[213 1.12 232 151],Hla=0.95,
¢,=5, ¢,=100, T=057E[0,T] L#i& g(t)=2+sint, Bl g,, =3, WEEHE LMD 1L ITH%
fF, B 2 WARRE RGOLT (0,0,C,, T ) A IRITRIAR E . (7 Rl 3, 151 4 Fos, WiR R G AR
B RGSEIL T A BRI [ [ .

@ (b)
Figure 1. Fractional order chaotic Liu system a=1b=25,c=5,a =0.95,x(0),x,(0),%(0))=(0.2,0,05)
B 1. S8 LiuBiERS a=1b=25,c=5a=095,(x(0),%(0),%(0))=(0.2,0,0.5)
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Figure 2. Fractional order chaotic Lorenz system a=10,b=28,c=3/8,a = 0995(x1( ). X
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Figure 3. The curve of control inputs
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Figure 4. The curve of synchronization error
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