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ABSTRACT In this paper, the lag exponential synchronization for a class of neural networks with distributed
delays and discrete delays (mixed delays) is studied via adaptive semiperiodically intermittent control. Using
the adaptive control theory, the Lyapunov stability theory combined with the method of intermittent control,
the simple but robust adaptive semiperiodically intermittent controller and impulse controller are designed.
Via the proposed control methods, the response system can lag synchronize with the drive system, and the
less conservative results are obtained. Using the adaptive control approach and giving a rigorous proof for the
synchronization scheme, the proposed controllers are obviously little costly and more useful in practice than
before. In the original references, the control width should be larger than the time delay and the time delay
should be smaller than the noncontrol width. While, in this paper, these strict assumptions can be removed.
Moreover, the control time and the control rate may not be constants. This leads to a larger application scope
for our method. Last, numerical simulations are exploited to show the effectiveness of the results.

INDEX TERMS Neural networks, mixed delays, lag synchronization, adaptive control, semi-periodically

intermittent control.

I. INTRODUCTION

In 1983, the competitive neural networks (CNNs) have
been proposed by Cohen and Grossberg [1]. Afterward,
the neural networks (NNs) have got great development.
Meyer-Base et al. [2]-[4] presented the CNNs with different
time scales, which can be regarded as the extensions of
primitive neuronal competition [1], [5]. In the last few years,
the neural networks have been extensively investigated across
many fields of science and engineering since they have been
widely applied in associative memories, signal and image
processing and combinatorial optimization [6]-[9].

The modelling of neural networks is based on biologi-
cal neural systems. The neural networks consist of a lot of
artificial interconnected neurons and processes information
using a connectional approach. The neural networks have
represented an alternative method to solve the problems in
control engineering via control technique. The most useful

property of control neural networks is their ability to approx-
imate arbitrary nonlinear or linear mapping through learning.
Since the early 1990s, there has been more and more interest
in using neural networks for control of complex systems,
such as robotics, electrical power system and mechatronics
systems and so on. Many control neural networks have been
developed for the compensation for the effects of nonlin-
earities and system uncertainties in control systems. So the
system performance of the robustness and stability can be
improved [10].

Synchronization is a significant dynamical behavior in
neural networks [6]-[28]. Many synchronization phenomena
are very useful for us, such as the synchronous transfer of
digital and analog signals in communication networks [11].
In fact, synchronization is a well-established concept and
it is typical in the basic motions of nature. Many con-
trol techniques, such as linear feedback control [12]-[14],

2169-3536 © 2017 IEEE. Translations and content mining are permitted for academic research only.

4742 Personal use is also permitted, but republication/redistribution requires IEEE permission.

VOLUME 6, 2018

See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.


https://orcid.org/0000-0003-2236-0034
https://orcid.org/0000-0002-8572-2621

N. Li et al.: Adaptive Semi-Periodically Intermittent and Lag Synchronization Control

IEEE Access

adaptive feedback control [8], [11], [15]-[17], impulsive
control [18], pinning control [19]-[25] and intermittent
control [23], [28]-[32] have been developed to drive the
synchronization of networks. The intermittent control is one
useful control method in engineering fields. The approach
of the intermittent control is implemented easily in practice.
In [21], intermittent control has been first introduced to con-
trol synchronization of complex network systems. But two
restrictive conditions that about the control width, the time
delays and the noncontrol width are imposed. From then
on, lots of interesting results have been presented for syn-
chronization of complex dynamic networks by periodically
intermittent control in [21] and [22]. In [23], the problem
of robust synchronization about the neural networks with
uncertain parameters and mixed delays was investigated.
A novel controller is designed to pin the coupled networks to
reach the synchronization state. In [28], the lag exponential
synchronization for a class of neural networks with mixed
delays is studied by intermittent control. The results of [29]
removed the conservative assumptions on control width and
time delays mentioned in [20]. The control time and the
control rate were constants in most of the previous results.
In [31], the synchronization problem via semi-periodically
intermittent control technique and mode-dependent average
dwell time method has been researched for switched complex
networks with delayed coupling. The controllers which were
aperiodically intermittent extended the existing results of
periodically intermittent control. Unluckily, the linear inter-
mittent control gain which has been obtained may be much
larger than the actual needs. Therefore, the study of the semi-
periodically intermittent control needs further exploration
and improvement.

Itis well known that there inevitably exists time delay when
the signal travels through the complex neural networks due to
the finite speeds of transmission and spreading. Time delay
is likely to cause undesirable dynamical behavior, for exam-
ple, oscillation, chaos and instability. So we often require
to synchronize between one neural networks and the other
neural networks at a constant time delay. Compared with
complete synchronization [8], [28], lag synchronization may
be a more appropriate technique to clearly indicate the fragile
nature of neural networks. Hence, it is important to effectively
lag synchronize two chaotic neural networks for potentially
theoretical research and practical application.

For all the above reasons, this paper aims to handle the
problem of lag synchronization for the neural networks
with mixed delays via adaptive semi-periodically intermittent
control. Using the theory of Lyapunov stability combined
with adaptive control and intermittent control techniques,
improved adaptive semi-periodically intermittent lag syn-
chronization controllers which are little costly and more use-
ful in practice are proposed. In [8] and [21], the control width
is supposed to larger than the time delay and the time delay is
supposed to smaller than the noncontrol width. While, in this
paper, these two restrictive assumptions are not required.
In [22], pinning synchronization of complex network with
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delayed dynamical nodes was further investigated via peri-
odically intermittent control. Unfortunately, the control gain
that have obtained may be much larger than the needed value.
Moreover, the control time and the control rate were constants
in [22]. While, the control gain which have obtained is smaller
than the gain of [22]. In [22] and [30], the control time and
the control rate are constants. These greatly limit the scope of
application of the controller. While, in this paper, the control
time and the control rate may not be constants. This leads
to a larger application scope for our method. By utilizing
mathematical induction method and the analysis technique,
the novel adaptive semi-periodically intermittent controllers
and impulse controllers are designed, which can be testified
to be less conservative comparing with linear intermittent
control. Using the adaptive control approach and giving a
rigorous proof for the synchronization scheme, the proposed
controllers are obviously little costly and more useful in
practice than before. Numerical examples are presented to
show the effectiveness of the obtained method.

The rest of this paper is organized as follows. The neural
networks model with mixed delays, some necessary assump-
tions and lemmas are given in Sect. 2. In Sect. 3, lag synchro-
nization controllers of neural networks with mixed delays via
adaptive semi-periodically intermittent control and impulse
control are designed, respectively. The numerical simulations
are given to illustrate the results in Sect. 4. The conclusions
are obtained in Sect. 5 at last.

II. NEURAL NETWORKS MODEL AND PRELIMINARIES
We consider the mixed delays neural networks as follows:

N N
Xi(t) = —cixi(t) + Z a;fi(x;(1)) + Z bj

J=1 J=1

N t
St =00+ 3dy [ fosonas.
.

=1

wherei =1, --- , N, x;(¢) is the neuron current activity level,
fi(xj(?)) is the output of neurons, ¢; > 0 is the time constant of
the neuron, a;; represents the connection weight between the
ith neuron and the jth neuron, b;; and dj; represent the synaptic
weight of delayed feedback. 6 > 0 is the discrete, and n > 0
is the discrete and the distributed time delay.

Let x(t) = (] @0,x @), - xp), fx@) =
(F&f @), f(x3 @), -+ feg ), C=diag(cy, c2, -+ .en),
A = (aij))Nxn. B = (bijnxn, D = (dij)nxn.
Then, (1) turns into the following form:

t
x(1) = —=Cx(t) + Af (x(1)) + Bf (x(t — 0)) +D [ f(x(s))ds,
1=
(2)

The initial value of (2) is denoted by x(f) = ¢ (r) €
C([—p, 0], RN), where . = max{6, n}.

On account of the drive-response synchronization, let
take (2) as the drive system. Then we design the response
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system as follows:

y(t) = —=Cy(t) + Af (y(t)) + Bf (y(t — 0))
t
+D / S@s)ds +u(@), (3)
t—n

where u(t) = (ul (1), ul (t), -+, ul; (1)) is the controller to
be designed, u;(t) € R" is the input vector of node i. The ini-
tial values of (3) is given as y(t) = ¢”(t) € C([—pu, 0], RY),
where © = max{0, n}. Assume that solutions of neural
networks (2) and (3) are bounded. And the output signals
of the NNs (2) can be received by (3) with transmission
delay r > 0.

Definition 1: Drive-response neural networks (2) and (3)
are said to to achieve exponential lag synchronization if there
exist > 1 and &€ > 0 such that

Iy(t) — x(t — )| < e sup 0||¢y(r> —¢*(t — o),
o )

for any ¢ > 7. Here, ¢ is defined as the degree of exponential
lag synchronization.

In order to research the lag synchronization (2) and (3) with
the lag time t > 0, the error state is defined e() = y(t) —
x(t — 7). Subtracting (2) from (3) yields the following error
system:

é(t) = —Ce(t) + Ag(e(t)) + Bg(e(i — 6))
t
+D / ele()ds +ud), ()
t—n

where g(e(t)) = f(y(¢)) — f(x(¢ — 7)), the initial condition
of (5)ise(t) = ¢’(t) — ¢*(t — 7).

In the following, some necessary definitions and assump-
tions and lemmas are given.

Assumption 1 (Al): There exist positive constants [,
i=0,1,---,N) satisfying

i) =fiDIl < Lillx =yl Vx,yeR,x#y (6)

Lemma 1 [1]: For any vectors x,y € R™ and positive
definite matrix Q@ € R™ " the following matrix inequality
holds:

2Ty < xTox +yT0 7y

If not specified otherwise, inequality O > 0 (Q < 0, Q > 0,
0 < O)means Q is a positive (or negative, or semi-positive, or
semi-negative) definite matrix, where Q is a square matrix.
Lemma 2 [33]: For any constant symmetric matrix
S € R™" § > 0, scalar & > 0 and vector function x(-) €
C([—h, 0], R") the following inequality always holds.

h h h
h / #T(5)S(s)ds = ( / )'c(s)ds> s( / )e@ds).
0 0 0
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IlIl. MAIN RESULTS

In this section, the adaptive semi-periodically intermittent
control which is added to the neural networks with mixed
delays (3) such that states of (3) can be exponentially lag-
synchronized with (2) is designed. At the same time, the
trivial solution of error system (5) is exponential stable.
In order to realize lag synchronization of the neural networks
with mixed delays by adaptive semi-periodically intermittent
control, the controllers are added to nodes of the neural
networks. In error system (5), the adaptive semi-periodically
intermittent controllers are defined as follows:

-1
~ki(ern). 1€kl +)  _ Tn,

¢—1
«T + Zm_l T + 82),

ui(t) = (N
-1
0, telkT+) Tutd,
¢
T + Zm:1 T).
and the corresponding updating laws
-1
aiei()lei(t), te kT + Zmz] T,
-1
, KT+ T+ 6p),
ki(t) = ! ®)

-1

=1 Tm + 8;‘,
¢

«T + Zle Tp).

where k;(0) > 0 = 1,2, ---,N) are initial value, o;(i =
1,2,---,N) are positive constants. k = 0,1,2,---. T is
the control period which consists of ¢ switched small periods
T,,Tp,---,Tj,and ¢ =1,2,---, L

We assume that there exists constant /[ > 0, such that

one has Zg:;ll)—}l-l oT; = §forany « = 0,1,2,---, where

T = Zg(:t]l)il T;, 0(0 < o < 1) is called the control
rate , and § is the control width in period T. H ;'i) = [«T +

YU Te kT + Y0 T + 8¢ = 1,2,3,-++ 1) denote
the control width in small period T; of (x + 1)th control
period T, HYS = [kT + Y, Tr + 81, (c + D¢ =
1,2,3,---,1) denote the rest width in small period 7; of

c
(k + 1)th control period T. Defined that o; = L=t O

= =p=l— and
Zm:l Tm

o = min{o, 071, 0¢}.
Let K(t) = diag(ki(t), ka(2), - - - , kn(¢)). Then we can
rewrite the system (5) as,

é(t) = —Ce(t) + Ag(e(1)) + Bg(e(t — 0))
+D [[, gle(s))ds — K(D)e(t),
t e T + Z:l Ty kT + Zi:l T + 80),
e(t) = —Ce(t) + Ag(e(t)) + Bg(e(t — 9))
+D [, gle(s))ds,
telkT + Zj:l T+ 80, kT + anzl o).
)
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Now we give lag synchronization criteria under the adap-
tive semi-periodically intermittent controller in neural net-
works with mixed-delays.

Theorem 1: Suppose Assumptions 1 holds. The neural
networks with mixed delays (2) and (3) globally exponen-
tially lag-synchronize under adaptive semi-periodical inter-
mittent controllers (7)-(8) if there exist positive constants
ar >L,ap,eando;(i=1,2,---,N), such that

an
ap > L+ a— + Amax(IT),
1
e=A—ax(l—0) >0, (10)

where IT = AAT + BBT 4+ DDT — 2C, 1 > 0 is the positive
solution of the equation a; — A — Lexp{A8} = 0.

Proof: First, we introduce a new Lyapunov-Krasovskii
functional

1 1 ki(t) — k)?
V@) = 3 esploaine e+ 5 Y expl-apn)

i=1 i

t t
+%exp{—a1t} f / e’ (s)Se(s)dsdz, (11)
t—-nJz

where k is an undetermined sufficiently large positive con-
stant. Calculating the derivative of (11) along the trajectories
of the error system (9) under Assumptlon 1, we get

WhenteHU,form 0,1,2,---,00=1,2,---,1

V(t) = exp{—ait}e  (1)ée(r) — %‘ exp{—ait}e (et

al ki(t) — k)>
— %1 Zexp{_alt}%

i=1 !
N
+ expl—ait} Y _(ki(t) — k)e (t)ei(t)
i=1

+ 1%1 exp{—alt}eT(T)Se(t)

aq fl T
— —exp{—ait} e (s)Se(s)ds
2 i
ai t t -
— —exp{—alt}/ / e (s)Se(s)dsdz
2 - Jz
1
= exp{—ait}e’ OI(5nS = C = K)e(t)
t
+ Agle(t)) + Bg(e(t — 0) + D f g(e(s))ds]
t—n
t
—a\ V() — a—zlexp{—alt}/ T (s)Se(s)ds,  (12)
t—n

From Lemma 1 and Assumption 1, we obtain

1 1
el (HAgle(t)) < EeT(r)AATea) + EgT<e<r>)g<e(t))

IA

T 1 T 1
e (DI5AA" + S L)), 13)
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and

et (1)Bg(e(t — 6))

< %eTu — 0)BB e(t — 0) + %g%(r — 0))gle(t — 0))
< %eT(t)BBT(e(t)) + %eT(t — 0)L(e(t — 0)), (14)
where L = diag(lz, lg, cee ll%,). From Lemma 2, we can get
t
eT(t)D / gle(s))ds
t—n
% T(DD (e(1))

1 t T t
+5( [ g%(s))ds) ( / gT(e(s»ds)
t—n t—n

[ T /t T, )
< se (1)DD (e(1)) + e (s)(znLe(s)yds.  (15)
2 (—n 2
Substituting (13)-(15) into (12) gives

) 1 1
V(1) < exp{—at}e’ (t)(—C + EAAT + S LIy

+ 1BBT+ 1DDT+ LS K)e(t)
= = -nS — K)e
2 2 2"
1
+5 exp{—ait}e' (t — O)L(e(t — 0))

t
+ exp{—at} / eT(S)(lnL)e(S)ds
AR

t
el (s)Se(s)ds, (16)

—a1V(t) — a exp{—ait}
2 —n

where K = kly. Taking § = % We select k as

2

L n 1
k> —(1+ —)+ 5 Amax(ID), (17)
2 aj 2

So we have

IA

V(i) < —a1V()+ % exp{—alt}eT(t —0)L(e(t — 0))

L t—6 t—0
+ = exp{—alt} / f eT(s)Se(s)dsdz
t z

ki(t) — k)?
L Zexp{— NEGEL)
l
= —a1V(t) +LV(t —0) (18)
Similarly, when ¢ € H;rln), for¢gp = 1,2,---,l,m =

0,1,2,---, according to condition the first inequality of the
(10), we have

. . 1o 1
V() < exp{—ait}e’ (1)[-C + -AA" + E(L —a)ly

2
+ 188"+ oo™ 4+ Listen) + 2w e
— — — e —ane e

2 2 2" 2%
1
+5 exp{—ait}e’(t — O)L(e(r — 6))
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t
+ exp{—ait} f eT<s><1nL>e<s)ds
t—n 2

t
—a1V(t) — % exp{—alt}/ eT(s)Se(s)ds
t—n
< (ap —ap)V(t)+LV(t —9), (19)

Take P(t) = exp{At}V(t) and Q = sup V(r). Let

~ —0<t<0
Q(lol) (t) = P(t) — BQ, where the constant 8 > 1, then

Q%) <0, forallt e [—6,0] (20)
Then, we want to prove that
Q%) <0, forallr e HY. 1)

If (21) dose hold, suppose to exist a t1; € H 1((1)), such that

Qe =0, 0w =o0. (22)
Q%0 <0, —t<r<n. (23)
Using (20), (22) and (23), we obtain

QO t11) = AP(t11) + explan} - V)
< AP(111) — ar exp{Atii} - V(1)
+ L exp{At11}V(t11 — 0)
< (A —apP(ti1) + L exp{r0}P(t11 — 6)
< (k —aDBQ + Lexp{r6}p0
= (A —aj + Lexp{x0})BQ = 0. (24)
The second inequality in (22) contradicts (24), then (21)
holds.
We want to prove that Q(lg)(t) = P() — ,BQ expl{ax(t —
81)} < Ofortp € H1((2))~ Otherwise, there exists a tjp € Hl(g),
such that

Q) = 0. @t12) > 0. (25)
Q%) <0, 8 <t<m. (26)
For6 > 0,if §; < t1o — 6 < 112, it follows from (26) that
P(t12 — 0) < BQexplax(tiz — 81)},
and if —0 < t1» — 0 < é1, from (20) and (21), we have
P(t12 — 0) < BO < BOexplax(tin — 61)},
Hence, for 6 > 0, we always have
P(t12 — 0) < BQexplax(tin — 81)}. 27
Then
Q0(112) = AP(12) + explaana) - V(o)
—ayBQexplax(tiz — 81)}
< AP(t12) + (a2 — ay) exp{rtin} - V(112)
+ L exp{Ar12}V (t12 — 0)
—ayBOexplax(tiz — 01)}
<A+ ay — ay)P(t12) + Lexp{A0}P(t12 — 0)
—ayBOexplax(tiz — d1)}

< (A — a1 + Lexp{A0})BQexplar(tiy — 81)}
— 0. (28)

4746

The second inequality in (25) contradicts (28), so Q(g(t) <0
holds. Then we attain for t € H fg)

P(t) < BOexplax(tia — 81)} < BOexplaa(T) — 81)},

Then, for t € [—6, §1), we have

P(t) < BO < BQexplax(Ti — 1)},
So

P(t) < BQexplax(Ty — 81)},

Let Q1) = P) — pOeplasle(l — o) + 35
(T — 8m)]}, where ¢ € Hé”]).
By following a similar proof above, we can obtain that for

anyk =1,2,---,¢=1,2,--- ,l.WhenteHg('i),wehave

¢—1
P(t) < BQexp{ag[K(l —o) T+ -0, Z T.)1}

m=1

forallt € [0, T))

-1
< BQexplax(1 = 6)kT + Y Ty}
m=1
< BQexplax(1 — 5)t]}. (29)

Let Q{5 (1) = P(t) — BQexplaslic(1 o)+t — Y5, 8ul),
where r € H ;g) When t € HY), we have

c2
B ¢
P(t) < BQexplaylt — (okT +0; »_ Tw)l}
m=1
B ¢
< BQexplaslt — (T + Y Tl
m=1
< BQexplax(1 — &)1} (30)

Let 8 — 1,we can obtain

V(1) = Qexp{—[r —ax(1 —o)t]}
= sup V(s)-e ¥, t>0 31)
—60<5<0

From condition in the (10), the states of the error system (9)
are globally exponentially stable, i.e., the neural networks
with mixed delays(3) globally exponentially synchronize to
the system (2) under adaptive semi-periodically intermittent
controller (7)-(8). This ends the proof.

Remark 1: Compare with [21] and [28], Theorem 1 does
not need some unnecessary restrictions about control rate and
control period. This leads to a larger application scope for our
method. Moreover, our results have been more adaptive and
robust than [31].

Remark 2: In this paper, the control time and the control
rate may not be constants. In order to achieve this, we intro-
duce the method of proof by contradiction and take the
method of dividing the subintervals of different lengths within
each period.

Remark 3: The transcendental equation a; — A —
Lexp{A6} = 0 has no analytical solutions. However, we can
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obtain its numerical solution by the Mathematica soft-
ware. Let F = a; — A — Lexp{A8}. Using the function
of FindMinimum|[F, A, Ag], the Mathematica software can
search for a local minimum in F and corresponding lambda,
starting from the point A = Ag, that is, we can obtain the
numerical solution lambda of the transcendental equation
indirectly.

Remark 4: Especially, when §; — 0,¢ =0,1,2,---,1,
the controller (7) becomes the impulsive controller (32).

ul(t)zi_klrel(tr_)v t=tr1 r=1527”';

0, t #£t. (32)

The general mixed delays neural networks (3) becomes the
impulsive delays neural networks (33).

N
Jilt) = —ciyit) + Y bifiyj(t — 0))

j=1

N N ¢
+ ) a0+ Y _d; / fiGis)ds, 1 # 1.
Jj=1 j=1 =n

(33)

and Ay;(t,) = yi(t;") — yi(t;)) = kirei(t7),  t =1,
Applying the method similar to the Theorem 1, the impul-
sive synchronization control criterion of impulsive delays
neural networks (33) can obtained as follows.
Corollary 1: Under impulsive controller (32) , if Assump-
tion 1 holds, and there exist positive constants a; > L and a,
such that

Ln2
L+ . + Amax(TD) < a2 < A, (34)
1

where & > 0 is the positive solution of the equation
a; — A — Lexp{A@} = 0. Then the global exponential lag
synchronization is achieved between the neural networks
with mixed delays (2) and the response neural networks (33).

IV. NUMERICAL SIMULATION
In this section, numerical examples are given to illustrate
that our analytical results are valid for exponential lag
synchronization.

Example 1: The chaotic neural networks with mixed delays
drive system is given by

5(1) = —Cx(t) + AF (1)) + BF (x(t — 1)
t
+D / FO(s)ds, (35)
—1

where x(t) = (XIY%’XZ(I))T(; 1f(x(t)) = l(Stanh()%(‘tt)),
tanh(xx(1))", A = [_'1.5 02 [B=loa" =2 |
C = diag(1,1),D = :8"1‘ %6 :

Figure 1 is the numerical simulation of system (35), which
shows that system (35) has a chaotic attractor. Next, the
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08

06

04F

02f

08 s . . . . n
-0.6 -0.4 -0.2 0 0.2 0.4 06 0.8

FIGURE 1. Chaotic trajectory of model (35).

response system is described by
() = =Cy(@) + Af (y(®) + Bf (y(r — 1))
t
+D/ F(s)ds 4+ u(t), (36)
-1

the parameters A, B, C, and D are the same in system (35).

In this simulation, the values of the parameters are taken
ast=6,T=1,T =04,T, =0.6,5; =0.15, 5, = 0.2,
o; = 5 = 1,2). If we choose a; = 70 and a» = 6.5,
it is easy to testify that (10) in Theorem 1 of Section 3 are
satisfied, hence drive system (35) and response system (36)
are exponentially lag synchronized under the adaptive semi-
periodically intermittent controller (7) and updating laws (8).
Denoting e;(¢) = y;(t)—x;(t —6), Figure 2 and Figure 3 shows
the lag synchronization of neural networks with mixed
delays (35) and (36) under the controllers (7)—(8) when lag
T = 6 is selected.

08—

osf' !
oaf |
02
0

-0.2

-0.4

-0.6

L L ' L
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FIGURE 2. Lag synchronization of x; and y; of neural network under the
adaptive semi-periodically intermittent controllers (7)-(8).

Example 2: Consider a delayed coupled neural network
with N = 5 nodes described by

5
Jit) =FOi(t),  yitt = D)+ Y _aglyt), (37

j=1
where the single delayed dynamical equation F(-) is
described by the form of (35). In practice, the weights and
coupling structures in large-scale complex dynamical net-
works are always to be uncertain or unknown. In comparison
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FIGURE 3. Lag synchronization of x, and y, of neural network under the
adaptive semi-periodically intermittent controllers (7)-(8).
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FIGURE 4. Comparison of linear intermittent control and adaptive
semi-periodically intermittent control qualities Q(t) with the disturbance
signal.

with the robustness, we introduce the disturbance signal to the
complex network with adaptive semi-periodically intermit-
tent controller and the linear intermittent controller, respec-
tively. For validating the result, we assume that coupling
matrix A = (a;;) is included mismatched disturbance. Let

. 1 1 1 2

1—2sin“t - - — —2cos“t —
) 4 4 4 | 4
— -1 0 — 0

2 2
A= 0 1 -1 0 0
1 9 1 5 1
— —4sin“t 0 — 3 —4cos‘t —
3 ) ? 3

arctan ¢ - = 0 —1 — arctant
2 2

The individual coupling matrix is I' = diag{1, 1, 1}. The
other parameters are same the system (35).

The quantity Q(t) = \/Zle[y,-(t) —x(t — 6)]2/5 is
used to measure the quality of the synchronization pro-
cess. We plot the synchronization quantity in the figure 3.
Obviously, the states of the network (37) can not achieve
lag-synchronization without controller. The states of the
network (37) do not lag-converge to the desired man-
ifold (35) under the common linear intermittent con-
troller in [21] and [28], while the adaptive semi-periodically
intermittent controller (7)—(8) can still guarantee the lag-
synchronization of the controlled network (37) onto x(t).
It is shown that the adaptive semi-periodically intermittent
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controllers have strong robustness against uncertainties in
comparison with linear intermittent controllers.

V. CONCLUSIONS

Lag synchronization of a class of neural networks with
discrete delays and distributed delays with adaptive semi-
periodically intermittent control is investigated in this
paper. Based on the stability theory, combined with semi-
periodically intermittent control method, the technique
of adaptive control and some general criteria for ensur-
ing neural networks with mixed delays lag synchroniza-
tion have been derived. And the corresponding adaptive
semi-periodically intermittent feedback synchronization con-
trollers and impulse synchronization controllers are designed.
The results obtained can be used in the mechatronics systems.
Moreover, our results are rather general and less conservative.
In this paper, we introduce the notation of adaptive semi-
periodically intermittent control, which remove the strict
assumptions on control width and time delays. And the con-
clusions in this paper enhance and generalize the previous
results. Finally, an illustrative example is presented to show
the feasibility and effectiveness of the presented method.
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