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=s*F(s) — Z s@k=1¢(R) (). (3)
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D es ()| < (W HI| + p; + |kl

+ LD es(t)]- (42)
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2k bR BRI | JE LR M AN 8 ORI AR S B0 58 4 R
SISO R A E AR, DUN g T 0 B R A
KGR
S HR EF Liv JEIE R 4 0
Dix = f(x,z(t — 1)),
10(z2(t) — z1(t — 11)
= |40x1(t — 1) — z1(t)z3(t) | - (44)
—2.5z3(t — 1) + 423 (t)
FRIE SCHR [20] AT %0 o = 0.97, 0 < 7 < 0.005 B, &
SR TIRTARAS. FrbL, B o = 0.97, 71 = 0.005.
REVMEN2(0) = [2.2,2.4,38]T. 4t € [-7,0)
B, 1 (t) = 2.2, 29(t) = 2.4, 23(t) = 3.8. RAKRIN
NIRTHUIRES, W&l 1 Fs.
I3 B Chen I vTE R:48 P N
DYy = f(y,y(t — 7m2)),
35(y2(t) — yi(t — 7))
= | =8y1(t — 72) — y1(t)ya(t) + 27ya(?)
—3ys(t — 72) + y1(H)y=2(t)

(45)

FRHESCHR [21]) AT S0 o = 0.97, 70 = 0.009 isf, RGi4b
TRMARE. Pril, &ila = 0.97, 7, = 0.009. K
BYME N y0) = [0.2,0,0.5]T. %t € [—7,0)H,
TARES, aik 2 prons.
3B I Liv YR 2R G0N AR 2R AN i Tt
MEEHLIBIE, 1E NSRBI R4,
Dix = f(xz,z(t — 1)) + Afi(x) + di(2),
].0(392(t) - SCl(t — 7'1))
= 401‘1 (t — 7'1) — I‘l(t)l‘g(t)
—2.5z3(t — 1) + 423 (t)
[ 0.03 sin(mtt)x2 |
+ [0.03sin(mt)z123
| 0.03sin(nt)z3 |
[0.1 sin(t)rand(t)_
+ |0.1sin(¢)rand(t) | - (46)

0.1 sin(¢)rand(¢) |

100
90 | (d)
80
70
60
50
40
30
20
10

x3

30

K1 71 = 0.005 i 73 E B i Liu I3RS
Fig. 1. Fractional-order Liu system with time delay for 71 = 0.005.
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Di'y = f(y,y(t — 72)) + Afa(y) + da(t) + U(1),

+

35(y2(t) — ya(t
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Fig. 2. Fractional-order Chen system with time delay for 7 = 0.009.
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Fig. 3. (color online) Synchronization control results: (a) The synchronization errors of e1, ez, e3; (b) the

state variables of x1, y1; (c) the state variables of z2, y2; (d) the state variables of x3, y3.
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Abstract

Time delay frequently appears in many phenomena of real life and the presence of time delay in a chaotic system
leads to its complexity. It is of great practical significance to study the synchronization control of fractional-order chaotic
systems with time delay. This is because it is closer to the real life and its dynamical behavior is more complex. However,
the chaotic system is usually uncertain or unknown, and may also be affected by external disturbances, which cannot
make the ideal model accurately describe the actual system. Moreover, in most of existing researches, they are difficult
to realize the synchronization control of fractional-order time delay chaotic systems with unknown terms.

In this paper, for the synchronization problems of the different structural fractional-order time delay chaotic systems
with completely unknown nonlinear uncertain terms and external disturbances, based on Lyapunov stability theory, an
adaptive radial basis function (RBF) neural network controller, which is accompanied by integer-order adaptive laws
of parameters, is established. The controller combines RBF neural network and adaptive control technology, the RBF
neural network is employed to approximate the unknown nonlinear functions, and the adaptive laws are used to adjust
corresponding parameters of the controller. The system stability is analyzed by constructing a quadratic Lyapunov
function. This method not only avoids the fractional derivative of the quadratic Lyapunov function, but also ensures that
the adaptive laws are integer-order. Based on Barbalat lemma, it is proved that the synchronization error tends to zero
asymptotically. In the numerical simulation, the uncertain fractional-order Liu chaotic system with time delay is chosen
as the driving system, and the uncertain fractional-order Chen chaotic system with time delay is used as the response
system. The simulation results show that the controller can realize the synchronization control of the different structural
fractional-order chaotic systems with time delay, and has the advantages of fast response speed, good control effect, and
strong anti-interference ability. From the perspective of long-term application, the synchronization of different structures
has greater research significance and more development prospect than self synchronization. Therefore, the results of this

study have great theoretical significance, and have a great application value in the field of secure communication.

Keywords: fractional-order chaotic systems with time delay, Barbalat lemma, adaptive radial basis

function neural network control
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