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Quasi-synchronization of fractional-order complex networks with
random coupling via quantized control
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We investigate the quasi-synchronization of fractional-order complex networks (FCNs) with random coupling via
quantized control. Firstly, based on the logarithmic quantizer theory and the Lyapunov stability theory, a new quantized
feedback controller, which can make all nodes of complex networks quasi-synchronization and eliminate the disturbance
of random coupling in the system state, is designed under non-delay conditions. Secondly, we extend the theoretical results
under non-delay conditions to time-varying delay conditions and design another form of quantization feedback controller to
ensure that the network achieves quasi-synchronization. Furthermore, the error bound of quasi-synchronization is obtained.
Finally, we verify the accuracy of our results using two numerical simulation examples.

Keywords: complex network, fractional-order, random coupling, time-varying delay, quasi-synchronization,

quantized control
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1. Introduction

As critical dynamic systems composed of a large col-
lection of interactive dynamical nodes,!!! complex net-
works (CNs) have received considerable attention in the
past decade because of their potential applications in bio-
logical networks,?! social networks,’! neural networks,“!
and other fields.[>®1 Therefore, certain characteristics of
CNs, such as stability, [ coordination, 3! optimization, ! and

(101 have achieved good research results in

synchronization
these fields with increasing efforts.

Synchronization is a significant dynamic property of CNs
and is the focus of this study. In many studies, researchers
have focused on setting the controller to make the error of the
complex network system approach zero with the advancement

of time.[11-14

1 However, because of the existence of system
disturbance in practical applications and because this distur-
bance is difficult to eliminate completely, sometimes the syn-
chronization error cannot fully converge to zero.!!3] There-
fore, based on the above considerations, it is particularly nec-
essary to study how to control the upper limit of the syn-
chronization error by setting a controller to achieve quasi-
synchronization. Recent research on quasi-synchronization
has also made progress.!'®!”] In Ref. [16], Xu et al. studied
a fractional-order CN model with delay and obtained global
quasi-synchronization results by setting an appropriate inter-
mittent controller. In Ref. [17], the network model was ex-
tended from a real number domain to a complex number do-
main, and the quasi-synchronization problem of fractional-
order neural networks in complex-valued systems was solved

by separating the systems.

fCorresponding author. E-mail: dwding@ahu.edu.cn
© 2023 Chinese Physical Society and IOP Publishing Ltd
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The concepts of fractional calculus and integer-order cal-
culus were proposed simultaneously.!!8] As a favorable mathe-
matical tool, fractional calculus has the advantage that integer-
order calculi such as genetics and memory can describe the

(19201 Tn recent years, they have been widely used

21-24

system.
by researchers to process physical systems.! I Therefore,
it is necessary to use fractional calculus to describe CNs in
the study of synchronization phenomena. For example, in
Ref. [25], Bao et al. studied adaptive synchronization for a
class of fractional-order coupled neural networks (FCNNs)
with output coupling. In Ref. [26], the authors investigated the
stability and synchronization problems of fractional-order de-
layed multilink complex networks with nonlinear hybrid cou-
pling.

For CNs, the coupling interference and latency between
systems are inevitable due to channel crosstalk and transmis-
sion rate limitations. Undoubtedly, these two factors will im-

m.[>-2%] Therefore, it is impor-

pact the stability of the syste
tant to consider random coupling disturbances and time delays
in the synchronization of complex networks. For example, in
Refs. [30,31] and in the above-mentioned literature, only time
delay is often considered to be constant, but in an actual sys-
tem, with the evolution of network dynamics characteristics,
the time delay often changes with time rather than being im-
mutable, and may break the stability of the complex networks
dynamics system. Therefore, it is more practical to consider
time-varying delays in a network-dynamics system.

In recent years, researchers have proposed numerous syn-
321 pe-
riodic intermittent control, 33! and pinning control.**! In these

chronization control methods, such as adaptive control, !
control methods, researchers typically regarded a control sig-

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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nal as a continuous distortion-free signal without preprocess-
ing it. However, in real life, when a signal is transmitted in
a channel, signal attenuation distortion is often caused by the
influence of the channel bandwidth or the channel itself.[33-3%]
To solve this problem, we quantify the signal before transmis-
sion such that the processed signal has good stability and anti-
interference during the transmission process. This method,
adopted for the control of CNs, is generally referred to as
quantized control. In Ref. [37], Shi et al., through the quan-
tized control method, studied the finite- and fixed-time syn-
chronization problems of complex networks using the theory
of linear matrix inequality. In Ref. [38], Fan et al. studied the
synchronization of delayed neural networks using the quan-
tized control theory.

Based on the above considerations, quasi-synchronization
of FCNs via quantized control was the main focus of this
study. The main contributions of this study are as follows:

1. Our research is centered around addressing the issue
of quasi-synchronization in CNs by incorporating frac-
tional calculus techniques.

2. Through logarithmic quantizer, the appropriate quanti-
zation controller is designed to make the complex net-
work achieve quasi-synchronization. Simultaneously,

this study considers the quasi-synchronization state of

the complex network without delay and time-varying
delay and designs different quantization controllers.

Compared with Ref. [16], it undoubtedly expands the

practicability of the results of the study.

3. In FCNs, both random coupling and external distur-
bance are simultaneously considered. In the absence
of delay and time-varying delay, we have successfully
achieved quasi-synchronization, ensuring system stabil-
ity under the influence of these two types of distur-
bances. Furthermore, we are able to accurately calculate
the maximum upper bound of quasi-synchronization er-
ror, and by adjusting the parameters of the controller, we
can control the upper limit of synchronization error.

The rest of this paper is organized as follows: In Sec-
tion 2, we present the concepts necessary for the discus-
sion, lemmas, and the FCNs model. Based on the fractional
Lyapunov stability theory, we present the results of quasi-
synchronization in both non-delay and time-delay scenarios in
Section 3. Section 4 presents the correctness of the theoretical
results obtained from numerical simulations. Finally, Section
5 summarizes this study.

Notions Let R and R” be real number set and n-
dimensional Euclidean space, respectively. I, and || - || denote
the unit matrix and Euclidean norm, respectively; and || - ||«
represents the infinity norm, || - ||; represents the 1-norm; ®

denotes the Kronecker product, and n x n set of matrices is
represented by R, «,. Let H be a square matrix of order n, if
for any nonzero column vector x, there is xTHx > 0, where xT
denotes the transpose of x, then H is called a positive definite
matrix, otherwise, H is called a negative definite matrix, and
Amax (H) is the maximum eigenvalue of matrix H.

2. Preliminaries

In this section, for preferably setting the problem, some
essential definitions of the logarithmic quantizer and Caputo
fractional calculus are reviewed, helpful lemmas are pre-
sented, and a mathematical model of FCNs is developed.

Definition 1%/ In the fractional derivative of order o for
a given function f(z), its fractional derivative of order o is
defined as

Cpopg) — L AC)
tth f) = F(m—a)/zo (t_s)a_m_Hds,

where a € Ry, I'(+) is a gamma function, m denotes a positive
integer, and 0 < m — & < 1. Generally, & € (0,1) and m = 1.
We have

‘ 1 t )

“DYf(r) = / d

Iy tf() F(l—a) f ([—S)a S
The properties of the two common fractional calculus opera-
tions are as follows:

e If ¢ is a constant, ,CODf‘c =0.

* For any functions fi(¢), f2(¢) and constants a, b, we have
wDrafi(t) +i Db fa(t) = ag DY fi(t) + bi DY fa(t).
Definition 22! Given a continuous function 7, its related
logarithmic quantizer ¢(7) : R — Q is defined as

@, if ﬁwpgrgﬁww
q(t) =40, it t=0,
—q(—-1), if <0,
where Q = {+p, : ®, = pPay, p =0,£1,£2,---} U{0},
p € [0,1] denotes the quantized density, and { = :%;‘ For

any 7(-), we can build the equation
q(7) = (1+4)r,

where A € [—{, {] denotes the Filippov solution.

Definition 3°°! The general form of the Mittag—Leffler
function is as follows:

M=% =
E r)= ,
@BV & T(ak+ B)
where r, B € R and a > 0. For 8 = 1, the one-parameter form
is as follows:
oo rk

Eq 1(r) :kgamy

Specifically, Ey i (r) = e’.
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2.1. Model description

Considering FCNs with N nodes, the dynamic formulas
for each node can be expressed as follows:

N
,CODf‘xi(t) = f(xi(r)) +¢(t) leiijj(t)
j=
+ @i (1) +ui(1), (1)

where o € (0,1), x;(t) = (xi1(¢),x2(¢), ..., xin(t))" €R", i =
1,2...,N, represents the state vector of i-th node, f(x;(¢)) :
R" — R" are continuous functions. If a connection between
Jj-th node to i-th node (i # j) exists, then lij > 0; other-
wise, [;; = 0 and the diagonal elements [; =
(i=1,2,...,N).
internal coupling strength matrix, which refers to the cou-

N
—Ljorjpilise
G = diag(g1,82,..-,8m) € R" denotes the

pling relationship between different dimensional parameters
in the network nodes. Here, c(¢) denotes the random cou-
pling strength representing the variation of the external cou-
pling strength between nodes in a complex network over time;
o;(t) denotes an external disturbance, and u;(¢) represents the
quantized controller.

The dynamic formula for an isolated node is as follows:

wDi's(t) = f(s(1)), 2

where s(t) = (s1(¢),52(2),...,5,(2))T € R".

We define the synchronization errors between systems (1)
and (2) as e(t) = (e1(t),e2(2),...,en(t)),ei(t) = xi(t) — s(2),
then we can obtain the error formula

N
wDfei(t) = f(xi(t)) — f(s(2)) +c(t) z,llijGej(t)
=
+ i(t) + ui(r). 3)

Definition 4[1¢]
synchronized with state (2) for any initial value if there exists

System (1) is said to be quasi-

a small error bound € > 0 such that

Jim b(r) =s(@0)]] = Lim [le;(1)]] < e,

where t > 1.

Assumption 1 Suppose that the random coupling ¢(¢) and
external disturbance @;(r) in dynamic system (1) satisfy the re-
lations

0< C(t) < Cinax,
0 <[[oi(1)|] < Ormax,
where Cpax > 0, Opax > 0.

Assumption 2 Suppose that the two given functions
x(t),y(¢) satisfy the following Lipschitz condition:

() =x())" (f () = f(x(1)))
<L(y(t) = x(1))" (v(t) — x(1)),

where L > 0, x(),y(t) € R".

Lemma 1'% Given x,y € R”", there exists € € (0, +)
and any n x n real matrix Q € (0, +o0) such that the following
formula holds:

2xTy < S_IxTQ_1x+ £y"Qy.
Lemma 2[%! Given a derivable function x(¢), there exists

t > ty such that the following formula holds:

(DI (0)x(1) < (1), DEfx().

Lemma 3! Let 7 > #9, Eq(A(t —19)*) be monotonically
non-increasing, and 0 < Eq (A (t —10)*) < 1 for 1 <0.
Lemma 4! Let @ : [ty, ) — R be a differential function

such that
WDl o(t) < —ao(t)+b, t>1>0.

Ifa>0,b >0, then

(1) < (@(10) ~ ) Eal—alt—1)")+ 2. 121020,

3. Main result

In this section, we design the corresponding quantized
controller such that the network system in different states can
achieve quasi-synchronization, and the quasi-synchronization
criteria of FCNs with random coupling are obtained under
non-delay and time-varying delays.

3.1. Quasi-synchronization of FCNs

Theorem 1 Assume that Assumptions 1 and 2 hold, if
there exists a constant £ >0, we can gain k*> such that

Amax {IT —2k*(1 — 6) ® Iy, } <0,

where IT = 2L ® Iny + Conax [(GRT) + (GRT')| 4+ 2&; @ Iy,
and if the controller u;(¢) is designed as

ui(t) = —k*q(ei(t)),

then the system is quasi-synchronized. We have

| B
. _|B
Jm el = /7

A = dnax {IT =2k (1 = 8) @ Iy, },

N
B =2 |0
€

where

Proof Consider the following Laypunov function:

N
V()= ;e?(t)ei(t)' )

110501-3
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According to Assumptions 1 and 2 and Lemma 1, we can
obtain the fractional derivative of V(t):

WDV (@)

IA
M=
o
Py
<
S

Q

Il
1=
5
~a
~—~
=
el
=
~—~
=
Nt
|
5‘1
~—
S~—"

Il
-
~.

+ (1) +u; (1)) + Y [F (xi(2)) — F(s(t))

Zg,]Fe

+oi(t) +ui(0)]"ei(t)

N N
< _Z;E,T(f)[Lei(f) +c(1) Zgijrej(t) + (1) +u; (1))
i= j=1

Z [Lei(t) +

_|_

Zg,jl"e] 1)+ oi(t)

N
+Ze ;M,T(f)ei(f)
<eT{2L®INn+Cmax[(G®F) +(GRT) ] }e(t)
8126 + Zw
+282291'T(’) —2k"(1-6 i
i=1 i=1
<eT{2L®1Nn+Cmax[(G®F) +(GRT)]}e(t)
8126 *meaxH ]
+2¢ Ze}(t)ei(t) —2k*(1-9) ief(f)ei(f)
i=1 i=1
< AV(1)+B.

As A > 0 and B > 0,from Lemma 8, we have

V() < [V(to)—%}Ea(—A(t—to)“)Jrg )

Then, based on the constructed Lypunov function, we obtain

|wm|s¢hww—fpabAa—mw+f. (©)

Finally, we obtain

==

lim_fle(z)]] <

t—r-oo

)

The proof is completed.

3.2. Quasi-synchronization of FCNs with time-varying de-
lays
Consider the following FCNs composed of N identical
nodes with time-varying delays, described by

N
D xi(t) = f(xi(t)) +c(r) leiijj(t— (1))
=

+ (1) +ui(t), ®

the interpretation of some mathematical symbols in the above
equation is the same as those in Eq. (1). Additionally, 7(¢)
denotes the time-varying delay.

We assume that the dynamic behavior of the isolated node
is the same as that in Eq. (2), and the dynamic error system for
network (8) can be obtained as follows:

,CODf‘ ei(t)

N
=f(xi(t)) — f( Zl,,Ge, (t—1(t))

+oit) + ui0). ©)

Theorem 2 Assume that Assumptions 1 and 2 hold, if
there are constants & > 0, we can gain kg > 0, and matrix A,
the following inequalities and linear matrix inequalities hold:

Lt+&—(1—8)k <0,

CmaxdG - (1 - 8)k1 0

A=
0 Cmaxbc — (1 —

5)](2 S 07

where dg = 1||Gl|w, b

constants. If the following controller u;(¢) is designed as
ui(t) = — (ko +ki)q(ei(7))

— kasign(q(e;(t)))

)

llg(ei(t —T()))II?
lg(ei())]

then the system is quasi-synchronized. We have

D
< —
i [le()] <1/ 2,

=|L+¢& — (1 —08)kol,

where

N
D = —|| &max|[*.
&

Proof The following Laypunov function is constructed:

1 N
=3 Z el (t)ei(t). (10)
i=1

From Assumptions 1 and 2 and Lemma 2, we can calcu-
late the fractional derivative of V (¢) as

=

£DEV(1) < Y el (1), DFeilr)
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—(1- S)kzge?(t)

, [lei(r — z(0))II”
X <s1gn(e,~(t))W)
=Vi(t) + V().

From Eq. (11), we have

N N
Vi(t) §L;e (t)—i—&‘z;eiT(t)e (1)
71 N - N
+ =Y ol e~ (1- 8k Y €
2 =1 i=1

N
+ — || @max |-
&

Then, according to condition (19), we obtain V| < 0.

Y

For V,(t), we can obtain:
when i # j

C(t)gije;'r(t)rej(t) SCmaxgije,T(t)ei(t)
+ Cmaxgijej (t — T(t))e(t — (1)),

wheni=j

c(t)giie; ()T ei(t) < Conax [giilei (t)ei(t)

+Cmax‘gii|eiT(t - T(t))ei(t - T(t))'

Thus, we can easily obtain

N
C(l) Zg,-jl"ej(t—r(t))

N N
Z Z{Igule
i=1j=1
T(1))ej(t —=(t))}

+ Igz,\ ej(t—
< Chax Z{dce,?(t)e,-(t) +bge; (t—1(t))ei(t — (1))}
i=1

Subsequently, for V;(r) we obtain

120) <Con Y (et 0)6) + b S0t~ ()

=

1— k2ZH€1 t—
—(1-98)k Zef(t)e (t)

)P

<cmaxzdcw|el OF-(1-8 k12||ez Ol

+CmaxZ‘,bclle(t—f(t))Il2

i=1
(1-6 kzZHe,tf 1)*
=0"(1A @(t)7
where
A — [Cnands — (1= 8)ky 0
0 Coaxbg — (1= 8)ky |~

We can properly choose ki, k; and &, such that A < 0.
Then, we can easily obtain

V(1)

=Vi+W

e (t)ei(t) +

Mz

N
<(L+e—(1-8)k), }3—2||mnm||2

1

— —CV(t)+D.

As C > 0and D > 0, from Lemma 8, we have

V() < [V() ~ 2] Eal~Clt-0)) + 2.

110501-5
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Then, based on the constructed Lypunov function, we can
reach

()l < \/ Vi)~ 2 JEal-AG-0)0) 4+ 2. (13)

Finally, we obtain

lim ||e(r)]| < g. (14)

t—+o0

This completes the proof.

Remark 1 The result of Theorem 2 is based on the FCNs
system with time-varying delay. If we change 7(¢) to 7, that is,
the type of time delay in system (8) is a fixed time delay, the
results of Theorem 2 will be applicable. Thus, the results of
Theorem 2 include the consideration of the FCNs system with
fixed time delay.

4. Numerical simulations

In this section, we mainly conduct numerical simulations
on the two theorems presented in Section 3. By observing the
dynamic behavior of the nodes in the given FCNs, we have
verified the correctness of Theorems 1 and 2.

Example 1 The FCNs dynamics formula of three-
dimensional Lorenz system is given, and the number of nodes

50
40
» 30
8
20
10

20 15 10 5

is four. We have

—a a 0 Xil
wDfxi(t)={ ¢ -1 0 Xi2
0 0 —b Xi3
0 N
+ | —xi1xi3 +C(I)ZliijJ'(t)—|—(Di(t). (15)
Xi1X2 J=1

The response system reads

—a a 0 S1 0
oDFs(t)= ¢ -1 0 |+ —sis3],  (16)
0 0 —b 53 S152

where o = 0.995, a = 10, b = 8/3, ¢ = 28, w(t) =
(2v/2|sin(t)],2v/2| cos(t)],0), c(t) = 2 + cos(t), G =
diag(1,1,1). The initial system value x;(0) = (—=2+0.1,1 +
0.2i,240.3i) (i =1,2,3,4), s(0) = (1,1,1), and the outer

coupling matrix is given as follows:

-3 1 1 1
1 =21 0

L= 01 —2 1| an
0 1 1 =2

— —20 . )
0 —5-10—15—-20 -30 —20 —10 0 10 20 30
Ty o

Fig. 1. Phase plot of the Lorenze system (& = 0.995).

30
en(t)
e12(t) &
CIS(t)\
exn(t)| |
= exn(t)
) exs(t)
- es(t) 1
i esa(t)
: eas(t)| |
:: en(t)
© ez (t)]
ea3(t)
—40 ! ! ! ! !
0 0.5 1 1.5 2 2.5 3

Time

Fig. 2. Profiles of ¢;(z) of the error system without control.

To set the quantizer, we select the following parameters:

p=0.6,6= i;—g = 0.25. For the Lorenze system, L = 25.12,

Crax = 3, Omax = 2+/2 such that Assumptions 1 and 2 hold,
and we select € = 1, k* = 48. Then, according to Theo-
rem 1, we can easily obtain A = Apax {IT—2k*(1—8) @Iy, } =
—17.1<0, 50 B = 2[ || @max||*] = 64 and \/%: 1.9. Based
on Theorem 1, system (1) is quasi synchronized.

Figure 2 shows the synchronization error e;(¢) fluctua-
tions under uncontrolled conditions. Figure 3 shows the syn-
chronization quantized error g(e;(¢)) fluctuations under un-
controlled conditions. Figure 4 shows that the synchronization
errors e;(t) fluctuate within an interval. Figure 5 shows that
the synchronization quantized errors g(e;(¢)) fluctuate within
an interval. Figure 6 displays the quasi-synchronization er-
ror ||e|| under uncontrolled conditions. Figure 7 shows the
quasi-synchronization error ||e||, which indicates that quasi-
synchronization is realized. Through a simulation comparison,

we observe that the results of Theorem 1 are correct.

110501-6
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q(ei(t)) (k=1,2,3,4)

=1,2,3,4)

ei(t) (k

q(ei(t)) (k=1,2,3,4)

composed of 4 nodes with time-varying delay, the node dy-

30

a(en(t))
q(ei2(t))
q(ers(t))

aen ()

q(ex(t))
q(ex(t)))
q(esi(t))
q(esa(t)))

qless(®))] |

q(ean(t)),

q(ea(t))] |

q(eas(t))

namics system is the same as Example 1:

—a a 0 X1
oD¥xi(t)=1 ¢ -1 0 X
0 0 —b Xi3
;f 0 N
+ | —xi1xi3 +C(l‘) Zl,'ijj‘(t—T(I))—l-(D,‘(t),
Xi1Xi2 J=1
(18)

where a=10,b=28/3,c =28, w;(t) = (0,2— e ",0)", c(r) =
1 |cos(t)|, T(¢) = |sin(¢)|. The system initial value is x;(0) =
(4+0.1i,1+0.1i,4—0.17) (i=1,2,3,4), 5(0) = (1,2,1). The

—40; 05 15 B 25 3 settings for the logarithmic quantizers are the same as those in
Time Example 1.
Fig. 3. Profiles of g(e;(t)) of the error system without control. 120
le(®)!]
3 100
—en(t)
ok —en(®)| | 80
e13(t) ~
e % 60
1 —— ex(t)| 4 T
eas(t) 7
—en(t) | 40
ol —ra
‘/ e 20
1 “ eqn(t)| |
| —— eg(t)
\ e 0 w w w w w
-2} 1 0 0.5 1 1.5 2 2.5 3
Time
_30 0.‘5 1.‘5 2 215 3 Fig. 6. Profiles of ||e(r)]| of the error system without control.
Time
Fig. 4. Profiles of ¢;(¢) of the error system. 7 ‘
lle(®)!]
6l ——— Theoretical value |
2
15l aleu(®) | 51 |
alenx(t))
1 alews(t))| 4
aen(®) =4 ]
0-5 Il alen®)| | E
M N
0 = alex (1) =3 ]
Y q(es1(t)),
—05 alen(®)| | 2 1
—1 aess(t))| 4
alen(t))
-5 alen(®)| | !
—al q(eas(t))| | 0 ‘ ‘ o ———]
0 0.5 1 1.5 2 2.5 3
| i Time
-3 1 1 I
0 0.5 L5 2 25 3 Fig. 7. Profiles of ||e(7)]| of the error system.
Time

Example 2 Considering the three-dimensional FCNs

Fig. 5. Profiles of g(e;()) of the error system.

For the Lorenze system, L = 25.12, Cipax = 1, Omax = 2
such that Assumptions 1 and 2 hold, and we select & =2, kg =
40, k1 = 10, k» = 10. Then, according Theorem 2, we can eas-
ily obtain d, = 2.5, b, = 3, A = diag(2.5-0.75-10,3-0.75 -
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10) = diag(—5,—4.5) <0,C=25.12+2—0.75-40| =2.88, that the synchronization errors ¢;(¢) fluctuate within an inter-

D= gﬂHa)rnax”z = 8, then \/g = 1.6. Based on Theorem 2, val. Figure 11 shows that the synchronization quantized er-
2

system (8) is quasi-synchronized. rors g(e;(¢)) fluctuate within an interval. Figure 12 shows

the quasi-synchronization error ||e|| under uncontrolled con-

20
ditions. Figure 13 shows the quasi-synchronization error||e||,
15 . T . . . . .
which indicates that quasi-synchronization is realized.
10
w‘h

el 4
o 5
o q(en(t)

Il 0 Ml a(en(t)] |
z aless(t)
= =5 ;.f‘: q(ex(t)
Na M 0 q(ex(t))

o o]

—10 i q(e2s(t))
Il q(es(t)
15 < 2 alesn(®)| ]
= q(ess(t))
—20 O aten(®)] ]
) 4
Time = q(ea(t))
q(eas(t))
Fig. 8. Profiles of ¢;(r) of the time-varying delay error system without —6F |
control.
_3 ‘ ‘ ‘ ‘ ‘
15 T T T T T 0 1 2 3 4 5 6
a(en(t)) Time
a(era(t)))
= a(en(t) Fig. 11. Profiles of g(e;(7)) of the error system with time-varying delay.
~ aean(t))

2., alex(t))

— q(exs(t)), 40

I alen(®)) lle(@®I]
£ dentt)) 35f ]
= aless(t))

\"f: q(ean (),

QL a(es(t))

& alen(®) o
5
iR

_920 ‘ ‘ ‘ ‘ ‘ =
0 1 2 3 4 5 6
Time

Fig. 9. Profiles of g(e;(r)) of the time-varying delay error system with-
out control.

4 0 ‘ ‘ ‘ ‘ ‘
\ - 0 1 2 3 4 5 6
exalt) Time
2 eis(t) ]
. en(®) Fig. 12. Profiles of ||e(7)]|| of the error system without control.
<
CO: 0 e22(t)H
2“ exs(t) 10
” es1(t)
= en(0)] 0 lle(®)l]
o ! ——— Theoretical value
— \ ess(t) 3 1
= 4 en(®) |
o eas(t) 7 ]
eqs(t)
_6 43 1 _N 6 1
<5 |
Y
_3 ‘ ‘ ‘ ‘ ‘ <
0 1 2 3 4 5 6 — 4 ]
Time 3 i
Fig. 10. Profiles of ¢;() of the error system with time-varying delay. 2 i
i . n\‘ ,
With a time-varying delay, Fig. 8 shows the synchro- 05 : : : - - .
nization error ¢;(¢) fluctuations under uncontrolled conditions. Time
Figure 9 shows the synchronization quantized error g(e;(t))
fluctuations under uncontrolled conditions. Figure 10 shows Fig. 13. Profiles of [|e(r)|| of the error system with time-varying delay.
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5. Conclusion

In summary, we have investigated quasi-synchronization
of FCNs. Firstly, using the given logarithmic quantizer the-
ory and the Lyapunov stability theory, we design a new
quantitative feedback controller and obtain sufficient crite-
ria such that FCNs with random coupling can achieve quasi-
synchronization. Secondly, we study an FCN model with ran-
dom coupling and time-varying delays. Another quantized
controller is designed to obtain the quasi-synchronization cri-
terion in this model. Notably, the upper bound of quasi-
synchronization in both the cases can be adjusted by setting
the relevant controller parameters. Finally, we prove the valid-
ity of our theory with two numerical examples. In the future,
we will focus on the use of new control methods such that the
time upper bound to achieve quasi-synchronization of FCNs
can be controlled to achieve finite-time quasi-synchronization
of FCNs.
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