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Fig. 1. Fractional-order Newton-Leipnik system.
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2.0

wg(t)

0.5 1.0 1.5 2.0

@(t)

1.5

1.0

@3(t)

0.5

1.0 1.5 2.0

K2  4r#r Lotka-Volterra &4t

Fig. 2. Fractional-order Lotka-Volterra system.

Hrha NGB IR; a bATEHIZE x(1),
xao(t), x3(t) NRGIRE &, ENSH e = 04,
b = 0.175, 2 HE ik o = 0.95, ¥I4E N
[0.19,0,—0.18], b I A7 7E 4 & 1T 7 1 78 9 W
917

PLRSE (54) 1E RIS R Gt W N2 58 5 B
Lotka-Volterra 2 4t, KRG H N
Dyi(t) = ayi(t) — byi (t)ya(t) + eyi(t)

—sys(t)yi(t),

Dfya(t) = —cya(t) + dyi1(t)ya(1),
Diys(t) = —pys(t) + sys(t)yi (t),

(55)
Hrb o N EINNIK; a, b, ¢, d, e, s, p NEEHIS
B, yi(t), y2(t), ys(t) NERGHPIRE M &E. GBS
Ha=1,b=1,¢c=1,d=1,e=2 p=3, s=
2.7, MR o« = 0.95, WILGE ML, 1.4, 1], Itk
I A E Q1 ] 2 B BRI 5]

4.1 FZINFMzBVREERD

N T SEBLIRE) F G (54) AN R 5 (55) £EK
AHNFINBFAET (B di(t) =0, i =1,2,3)
&, ERUE T F PR Ut M K = diag|3, 3, 3],
YU REL A

3—a 0 0
P = 0 3+c¢ O : (56)
0 0 3+p

e Bl R R %a < 3, ¢ > =3 fllp > -3,
AT DAAS R RE P OESE. B EEHIEE N

u (t) = —3e1(t) — 01 p1(t) — Ejsign(es(t)),

uy(t) = —3ex(t) — 05 p2(t) — Ebsign(ea(t)),

uz(t) = —3es(t) — 05 pa(t) — €sign(es(t)),
(57)
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K3 FDER  (a) e(t) (89:8) Myr () (EEQ); (b) ma(t) (S52k) Mlya(t) (REZK); (c) s(t) (SR4) Mlys(t)
(KBZR); (d) FBIRZE e1(t) (MER), ea(t) (FRRIZR), es(t) (SE£R)

Fig. 3. Synchronization results in (a) «1(¢) (solid line) and yi(¢) (dotted line); (b) @2(t) (solid line) and
y2(t) (dotted line); (c) a3(t) (solid line) and y3(t) (dotted line); (d) synchronization errors e (t) (dotted
line), e2(t) (dot dash line) and e3(¢) (solid line).

uy(t)

U3(t)

4 EHEABHE RS
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(b)
0 4 6
Time/s
(d)
M~ - — — — - _ - _ _ _
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Time/s

(a) ua(t); (b) wa(t); (c) us(); (d) [01(®)I] (RELR), [102(t)]] (=KIEQ), NI03(1)]]

Fig. 4. Controlled variables and fuzzy system parameters in (a) ui(¢); (b) ua(t); (c) us(t); (d) [|61(t)]|
(dotted line), ||#2(t)|| (dot dash line), and ||#3(t)|| (solid line).
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Z MK B & N B N DRen(t) =
pei(t)pi(x(t), Di0s(t) =

p2es(t)p2(z(t)),
D 0y(t) = paea(t)pa(x(t)), Di€l(t) = oilei(t)],
Dies(t) = ozlea(t)|, Des(t) = osles(t)].

TEA A, B R BN R RN (), y(t),
NT R RS H, a0 EH AT e(t) 1R
Baxt)Myt). XTe(t), ea(t) Mes(t), RALHKIE
WU T AN 5] oy A AE [—3, 3] b 1 v 37 B A b 3
SR (CEATIECE R I -3, —1, 1, 3), Bl
MIZHON (1.1],[-3,-1,1,3]). TRAHH RS S
58 I8 B ECN 4° = 64. B RG]
WSEIWIME 601(0), 02(0) F103(0) $573E A 64 4E 1)
IR =

BEHlERENEMSE N a=1,c=1,p =3,
o; = 0.8, y; = 700, o = 0.95, B RS IEITIRZE )
fETHEIME N €1(0) = €5(0) = 1.8, €5(0) = 1.5. i
HERWLESME 4. MRS RATUEH, R
W PO ISk B S TE N, AR TR
RASHB MBI A . LA, AR SCR T
[Fi) 25 42 1] 2% A BC T (42 Fh SR B B e 1k

2

4 6
Time/s

Time/s

5 [FIBER

4.2 HFEINFINRURIERL

AT SCILIRED 7 4 (54) UL A (55) 2,

d1(t) = 0.15sin(t), dao(t) = 0.05cos(t), ds(t
39286 K = diag]3,3,3], [FRE AT LA

0.1cos(t).
TRAEFERE P IESE . [F A4 H 28 8

wi(t) = —3ex(t) — O 1 (1) — Ejsian(en (t))
— pisign(eq (t)),

u(t) = —3es(t) — 03 pa(t) — €sign(ea(t))
— pasign(es(t)),

uz(t) = —3es(t) — 05 ps(t) — Eisign(es(t))
— pssign(es(t)).

ZH T BN 73 5
D 61(t) = pres(t)pr(z(t)),
D 65(t) = poes(t)pa(z(t)),

)
Dy 05(t) = poes(t)pa(z(t));

0 2 4 6
Time/s

10

-10
2 4 6

Time/s

(a) @1 (t) (SRL) Myr(t) (FEZ); (b) a(t) (9:8) My (t) (HE); (c) xa(t) (S:4k) M ys(t)

(H£R); (d) FIBPRE e (t) (BL), ea(t) (HRILK), es(t) (S£4k)
Fig. 5. Synchronization results in (a) x1(t) (solid line) and y1(¢) (dotted line); (b) @2(¢) (solid line) and
y2(t) (dotted line); (c) «3(¢t) (solid line) and y3(t) (dotted line); (d) synchronization errors eq(t) (dotted

line), ex(t) (dot dash line) and es(t) (solid line).
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Fig. 6. Controlled variables and fuzzy system parameters in (a) ui(¢); (b) ua(t); (c) us(t); (d) [|61(t)]|
(dotted line), ||02(¢)|| (dot dash line), and ||#3(t)|| (solid line).
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Abstract

In this paper the synchronization problem for fractional-order chaotic system with unknown external disturbance is
investigated by adaptive fuzzy control. Based on the fractional Lyapunov stability theorem, an adaptive fuzzy controller,
which is accompanied with fractional adaptation law, is established. Fuzzy logic system is used to approximate an
unknown nonlinear function. The fuzzy approximation error can be canceled by the proposed fractional adaptation law.
Just like the stability analysis in an integer-order chaotic system, the quadratic Lyapunov function is used to analyze the
stability of the fractional-order closed-loop system. The control method can realize good synchronization performances
between two fractional-order chaotic systems, and the synchronization error tends to zero asymptotically. Besides, the
proposed controller can also guarantee the boundedness of all signals in the closed-loop system. Finally, the numerical
simulation results illustrate the effectiveness of the proposed control method for fractional-order chaotic system in the

presence of the external disturbances.
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