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Abstract In this paper, the method of memory event triggering output feedback is used to study
the synchronization of complex dynamic network with bounded distributed delays when the target
node is known or unknown. A memory event triggering scheme is proposed to reduce the transmission
of data packets and shorten the transient process, and the network transmission delay is considered.
The data packet signals released in recent times are stored at the sensor side and the controller side,
which are used to generate event trigger function and design memory output feedback controller.
By using Lyapunov stability theory, a sufficient condition for exponentially ultimately bounded of
error dynamic system is given in the form of linear matrix inequalities (LMIs). Finally, an example
proves the validity and feasibility of the theoretical results.
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1 Introduction

Complex dynamic network is composed of huge interconnected power units. In recent decades, it has
been widely concerned by people mainly because it exists in many natural systems or artificial systems.
Social networks|[1], biological networks[2], power grids[3], airport networks[4] and World Wide Web|[5],
which we often encounter but are not limited to, can be modeled and analyzed by complex dynamic
networks. In recent years, people have made in-depth research on the dynamic behaviors of complex
dynamic networks[6],[7],[8]. As one of the most studied, synchronization has made great progress. Including
stochastic synchronization[9], anticipation synchronization[10], outer synchronization[11], and exponential
synchronization[12], nonfragile exponential synchronization[13], globally exponential synchronization[7],
etc.

As we all know, due to the limitation of signal transmission speed on complex dynamic network links
and the problems of network hardware facilities, time delay is widespread. Time delay will reduce the
performance of the system and affect the stability of the controlled system [14]. Therefore, it is of great
significance to study the synchronization of complex dynamic networks with time delay, and has been
widely studied. For example, the finite time lag synchronization of complex networks with coupled delays
and master-slave complex networks with coupled time-varying delays is discussed respectively in[15],[16].
The finite-time hybrid projective synchronization of drive-response complex networks with distributed
delays is studied in[17].

In complex dynamic networks, it is more reasonable to design discrete-time controllers because of
the limited energy and computing resources of nodes. The traditional time-triggered sampling scheme
has a sufficiently small sampling period to avoid the worst case. However, the time-triggered sampling
scheme will produce many redundant sampling signals. Therefore, in order to avoid network-induced
problems such as transmission delay and packet loss caused by data transmission and network bandwidth,
event-triggered scheme is proposed and widely studied[18],[19],[20],[21],[22],[23]. In the event trigger
scheme, the event generator will release the data packet signal only when the predetermined event trigger
conditions are met. Generally speaking, the existing event-triggered schemes can be roughly divided into
three categories: continuous event-triggered schemes|[18],[19], discrete event-triggered schemes[20],[21],[22]
and mixed event-triggered schemes[23]. In this paper, the discrete event-triggered scheme is studied,
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because it has the advantages of saving resources, reducing the computational burden of the controller
and avoiding Zeno phenomenon.

It is worth noting that in the current event-triggered schemes, whether the sampled signal is released
depends on two conditions. One is the threshold parameter, such as v(¢) and 6 in the event trigger
conditions in[24],[25]. By adjusting the threshold, the conditions of event triggering can be changed to
make it easier or less easy to trigger. The other is the error norm between the current sampled signal
and the latest released signal[26],[27]. When the error norm is large, the current sampling signal can
be released. It should be pointed out that these factors are not enough to truly reflect the dynamics of
the system. For example, in the transient process, when the state is at peak or trough, the error norm
between the current sampled signal and the latest released signal is very small, but the values of these
two signals are much larger or smaller than those of other samples. In this case, we usually hope to
release the current sampling signal to shorten the control time and realize synchronization. Therefore, the
designed event trigger scheme should be related to several recently released data packet signals, that is,
the memory event trigger control scheme[28],[29)].

In this paper, the design of the controller will adopt memory events trigger output feedback syn-
chronization control. Because in many control applications, complete state information is not available.
Therefore, it is very important to study the controller based on output feedback, and output feedback is
easier to implement than state feedback[30],[24]. In addition, the design of the controller will be related
to the data packet signals released in recent times, so as to obtain better control performance.

Synchronization of complex dynamic networks with bounded distributed delays is studied in this
paper when the target node is known or unknown. It is worth emphasizing that when the target node is
unknown, we will first design an estimator to obtain the estimated state of the target node. Then, based
on the estimated state, design the memory event triggers output feedback synchronous controller. At
present, there have been many researches on the design of estimator[31],[32]. Finally, we summarized
the main contributions as follows: (1) It is more practical to design memory event triggered feedback
controllers when the target node is known or unknown. (2) The memory event trigger scheme is adopted,
which reduces the conservative use of network bandwidth. Some newly released data packet signals are
stored in the storage areas and used to design controller to improve system performance. (3) Sufficient
conditions for synchronization of complex dynamic networks with bounded distributed delays are given.

The framework of this paper consists of six sections including this section. In the section 2, the model
building, memory event trigger controller design and some necessary lemmas and assumptions are given.
Synchronization analysis when the target node is known and unknown are given in the section 3 and the
section 4 respectively. The section 5 gives an example of effectiveness. The conclusion will be presented in
the section 6.

Notations: The notations used in this paper are quite standard. R™ and R"*" are n dimension
Euclidean space and the set of n x m dimension real matrix, respectively. I,, is the n x n dimension
identity matrix. AT represents the transpose of matrix A, ® stands for the Kronecker product of matrices.
|- || is the Euclidean norm, and |A| = trace{AT A}. diag{---} and col{- - -} represent diagonal matrix
and column respectively.

2 Problem Formulation and Preliminaries

2.1 Complex Dynamical Network Modeling

In the time-delay complex dynamical network under consideration, the information of the ith node is as
follows:

¢ N
@i(t) = f(x(t)) + /ti ot —s)g(xi(s))ds + Zlijpzj(t) + (1), 1)

yl(t) = Cil‘i(t), i=1,2,---N,

where z;(t) = [1;1(t), 7i2(t), - - - 24, (t)]T is the state vector of the ith node, y;(t) = [yi1(t), yi2 (1), - - Yim ()] T (1 <
m < n) is the output information of the ith node. C; € R™*" is a constant matrix. f(-) and g(-) are
non-linear vector-valued functions that satisfy certain conditions. 7 is the bound of the distributed time
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delay, and ¢(-) is the delay kernel function indicates the influence intensity of past history on the node
dynamics. L = [I;;]nxn is the coupling configuration matrix, when node ¢ can receive information from
node j, l;; > 0. Otherwise, l;; = 0, and

N
bi=— Y L.

j=1.j#i

I' = diag{y1,7¥2," - yn} > 0 is the internal coupling matrix, u;(t) is the control input.

In this paper, our aim is to design memory event trigger controllers, which can synchronize the complex
dynamical network with the target node when the target node is known or unknown.

Define w(t) € R™ as the solution when the target node of complex dynamical network can be solved

and satisfies:
t

wt) =f(w(t) + [ ot s)gw(s))ds ¢l
t—1

Suppose the w(t) is unique, the synchronization error ¢;(t) = x;(t) —w(t) is defined, and the corresponding

error dynamical system are

t N
éi(t) = fle(t)) + /ti ot —s)glei(s))ds + Zlijfej(t) + (%), i=1,2,---N, (3)

Jj=1

where f(e;(t)) = f(i(t) — f(w(1)), §lei(t)) = g(i(t)) — g(w(t)).

2.2 Design of Memory Event Trigger Controller

In order to improve the system performance and make the complex dynamical network achieve synchro-
nization as soon as possible, we use the memory event trigger controller instead of the traditional event
trigger controller. Compared with the traditional event-triggered control, the memory event-triggered
control has two storage areas at the sensor end and the controller end, which are used to store the recently
released data packets. A detailed description of the memory event trigger control strategy flow can be
seen in Fig.1.

At the sensor end, the sensor samples the output information of node ¢ (i = 1,2,--- , N) with h as the
sampling period, and writes it as y;(kh), (k = 1,2,---). Then, the memory event trigger function will
determine whether to release the data packet. If the release condition is met, let ti = k, store y;(tih) in
the storage area and transfer it to the controller. For the controller end, y; (¢ h) will also be stored in the
storage area, and the control input u;(¢) will be generated by the stored information, and then w;(¢) will
be transmitted to the actuator. The zero-order holder can keep the signal continuous between two release
moments.

For node i (i = 1,2,--- ,N), the sampling sequence of the sensor is {0, h,2h,---}, and the data
packets release moment sequence is {tjh,tih,---}. According to the above description, we can get
{ty,ti---} € {0,1,2,---} and 0 = t) < t{ < t4---. Different from the traditional event trigger, the
memory event trigger uses not only the error between the current sampling moment and the last released
data packet, but also the information of the previous release packets in the storage area. Assuming the
last release instant is t: h, and the next release instant ¢ 41D satisfies the following condition:

fpih = tih+ frlleig;{?"h\ Z5l51:T(tk—l+1)OiTCz'5i(tk—l+1) > p(t)e] (kh)C Ciei(kh) + ki}, (4)
=1

where 6;(tg—141) = ei(t},_, 1 h) — €i(tj,h +rh), m is the storage area capacity, and e;(t},_,,,h) = e;(tHh)
7 2

if k—1+1<0.¢ is the weight parameter and satisfy Y_,", &, = 1. p(t) = po + preMeithtrhll -y )

A are given positive constants. It is easy to get pg < p(t) < po + p1 = p. €;(kh) = % S eiltk—isah), ki

is a known constant.
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Figure 1. Framework of CDNs with METS.

Remark 1. For the proposed memory event triggering strategy, the storage areas only store the data
packet signals released by the recently m times {y;(t,h), -+, yi(t_,, 41 h)}. It can be seen from the above
that when m = 1, the memory event trigger control will become the traditional event trigger control.

Remark 2. The parameter €; is the weight parameter in the release condition. Generally, the release
moment closer to the current moment has a larger weight, that is, the signals released at the latest moment
is more important than before. So the €1 is larger than others and e; > €,41(i = 2,3,---m — 1). It is easy

to find that when 1 = 1,6; = 0(i = 2,3,---m), the memory event trigger control will also become the
traditional event trigger control.

Remark 3. Visible from the p(t) = po + preMeihtmh)I® 4he value of the p(t) is related to the error
norm at the current sampling time N|e;(tih + rh)||%. The larger the A||e;(tih + rh)||? is and the smaller
the p(t) is, the easier it is to trigger. More release date packets will be delivered to the controller, thus
improving the control performance. A can control the rate of change, p1 can adjust the proportion of the
changed part in the equation p(t) = po + p1e —Mei(th+rh)? , 50 as to achieve the best control performance.

To make the error dynamical system (3) exponentially ultimately bounded, the following memory
feedback controller is designed:

m

t)=> aKiCiei(ti_1,h),  i=1,2,--N, (5)
=1

where K] is the controller gain to be designed.

In practice, when the network bandwidth is limited, but more information needs to be transmitted,
or the transmission distance is long, the influence of network transmission delay should be considered.
Assume that the network transmission delay of data packet yi(tih) is 7, 74 € [0,7h,], Th; = maxgen{7} }.
For t € [tyh + 7/, t} h+T( 1), the control input remains unchanged due to the existence of ZOH.

Defining 7;(t) =t — t} \h, t € [tph+ 7.t h+7},,), then

Z5IK1 Oi(tp—141) +ei(t — 73(1))). (6)
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Remark 4. It can be seen from (5) that the designed memory feedback controller is related to the data
packet signals released by node i for the last m times, which is the reason why the controller end needs
storage area. Similarly, the general feedback controller can also be regarded as a memory feedback controller
when m =1 = 1.

2.3 Assumption, Lemmas and Definition

Next, we will give some Assumption, Lemmas and Definition needed in this paper to complete the next
part of the proof.

Assumption 1. [33] For any x,z € R"™, the nonlinear vector-valued functions f and g are continuous
and satisfy the following sector-bounded conditions:

[f () = f(2) = Ur(z = 2)]T[f(2) = f(2) = Ua(z = 2)] <0,
[9(x) — g(2) = Ji(z = 2)]" [g(x) — g(2) = Ja(x — 2)] <0,
in which Uy, Us, Jy, and Jo are real matrices of appropriate dimensions.

Definition 1. [3/] (Ezponentially Ultimately Bounded) The error dynamical system is exponentially
ultimately bounded if there exist constants M >0, o > 0 and d > 0 such that

le(t)||? < Me™" + d.
Lemma 1. [35],/36] For given matriz S > 0 , if there exists real matriz W such that

s wT
w s |>0

then for function 7(t) € (0,7um], and é(t) : (0, 7] € R™, where Ty is a positive constant, the following
inequality holds:

e(t) 4 S * * e(t)

ar /t T(0)Se(0)d0 > |e(t—r0)| |W =525 — 2w «| |e(t— (1))
t—Tnm e(t — TM) -W w-S§ S e(t - TM)

Lemma 2. [37] Let M be a positive semi-definite matriz, a(-) : (—oo,a] — [0,+00) be a scalar function
and F(-) : (—oo,a] = R™ be a vector function. If the integrations concerned are well defined, the following
inequality holds:

([ a@rFea ([ atFeis < [ abis [ a1 @F)s)

— 00 — 00 — 00 — 00

a

Lemma 3. [38] (Schur Complement) For the given constant matrices X1, Yo, and X3, where X1 =T
and Xo > 0, then
D+ EIesss <o,

if and only if

Lemma 4. [39] For any vector x,y € R™, and a positive definite matriz of appropriate dimension @Q, the
following inequality holds:
20Ty < 2T Qe+ yTQ 1y.

3 Stability Analysis of Target Node Known

In this section, the exponentially ultimately bounded of error dynamical system (3) when the target node
is known is given based on the proposed memory event triggering strategy (4). Detailed analysis is given
in Theorem 1, and the control gain K; will be solved in Theorem 2. For presentation convenience, in the
following, we denote:
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C= diQQ{ChC’Q, e aON}7

e(t_T(t)) = [e{(t_Tl(t) )T 767]\}(t_TN(t))]T7 .
Fle(t) = [T (ex(). /M (ea)).--- . T (en ()], P =dioglh, P, P},
Gle() = [§7(ex(1), 37 (ea(®)), -+ , 57 (en(8))]T @ = dlogi@u, @, e Qv
g 1 , g 2 ) , g N ) R:diag{Rl,R2,~~~,RN},
5(t) = [61 (£),63 (), -+, on ()", S = diag{Sy, So, -, Sx'},
e(t) = [e?(t)a eg(t)v T ’eqj\}(t)}Tv W = diag{Wl, Wo, -+ ’WN}7
Tar = max{Th,, T3, T, T} ¢ = diag{®1, P2, -- ,Pn},
K = diag{K} , K?,--- K]}, U = diag{W,, ¥y, ,Un}.

Theorem 1. Under Assumption 1, the error system (3) is exponentially ultimately bounded if there
exist block diagonal matrices P > 0, Q@ > 0, R > 0, S > 0, diagonal matrices ® > 0, ¥ > 0 and
matriz W, such that the following LMIs (7) and (8) hold for given parameters Tay > 0 o > 0, p > 0,
ki >06=1,2,---,N), g €[0,1)(l=1,2,--- ,m) and the controller gain K; (I =1,2,--- ,m). where

{Vi ”ﬂ >0, (7)
and
Hj ng] <0, (8)

211 * % ok %
921 922 * * *
e MW ()35 (233 * *
2= .(241 0 0 .944 *
251 0 0 0 2%
P 0 0 0 0 QGG *
D Q2 0 0 0 0 O]

2, =aP+PLN+(LoNT'P+R—e ™S (00U, - (¥®.J,),

*
*
*
*
*

EE G R

D91 = ZQCTK[TP — MY 4 o OTM S, Doy = chC _9eTaTMG | 2efa7'1\/1m/"

- (9)
932 — e—ocTM W+e—aTA/1 S’ 933 — _e—aTMR_e—aTM 57

Qp =P+ (@@ U)Y, Quy=—(21), 25 = (W J)7T,
R 1
Q55 =0,Q—(URI), 6 = —@—Q, 271 = col{e,CTKTP,--- ,e,,CTKL P},

s =col{ LCTC - LCTCY, 07 = LoCTC % 1y + diag{—,C7C, -, —£,,CTCY,
m m m
U =(U{Us+ U3 h)/2, Up=(U{+U3)/2, J1=(Ja+J50)/2, Jo=(J +J3)/2,
H=ry[(Lel) > akKC 0 I 0 I 6K C- eyKyCl.
=1

Proof. We introduce the following Lyapunov functional candidate:

V(t) := Vi(t) + Va(t) + Vs(t) + Va(t), (10)
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where

Ze t)Pie;(t
Z [ o0 / (10 (ey(5) Qi e (o) s

Va(t) :Z /t T (6) Ryes(s)ds,

i=1

¢
ZTM/ / DT (5)S:¢(s)dsdf.
0

t—Tnm

According to (3), the time derivative of V' (t) is:

V(t) := Vi(t) + Va(t) + Va(t) + Va(t),

where . v ] )
() = 23 TP Fet) + / o(t — $)(ea(s))ds
i=1 t—T
N m
+ Z LijTej(t) + ZEIKZCi((Si(tk,lH) + e (t — (1)),
j=1 =1

- N
To(t) = — aVa(t)+ / 2(0)e20d0S " G (es(1)) Qg (ea(t))
1=1
—Z [ 0t et - 0@t~ ).
V( =—als(t +Ze t)Rie;(t 70””’2 (t—7a) - Riei(t—7nr),

Vi(t) = —aVy(t ZTM/ eVl (5)S56:(s ds—l—ZTMe (t)Sié;(t).

t—Tnm i=1

It can be known from (4) that when the event trigger condition is not satisfied, one have:

m

p®)el (kh)CT Cie; (kh) + Z T (t1—141)CT Ci6; (tp—141).

Let ¢- = [ ©(0)e*?df, ¢, = [ ¢(s)ds, by lemma 2, one can reach:
- [ w0 e - ) Qe ~ o))ap
= [ et= " ) Quateits)is

L P el @ [ ot et

= ol e @ [ et )aten ()i
0 t—T1 t—T

Y / ot — $)gles(s)ds)” - Qi | olt — 5)i(ei(s))ds.

Pr t—7
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Furthermore, from Assumption 1, it can be obtained that:

o] [ 7] [y <o

which is equivalent to
T () (@@ Uy)e(t) — 2T (1) (P @ Ua)F(e(t)) + FT(e(t))(® @ I)F(e(t)) <
L)W @ Jy)e(t) — 2T (#) (¥ @ jg)G(e(t)) + GT(e(t)) (¥ @ I)G(e(t))
According to the above, the following can be obtained:

V(t) +aV(t)

< ael (t)Pe(t) + 2¢T (t)P[F(e(t)) + /t_ o(t —s)-G(e(s))ds + (L& I'e(t)

D KICB(tmrin) + elt = 7)) 46,67 (e(6)Qe(t)

=1

Lol ro [ T
— A plt=9) - Gl [ ol = Ge(s))ds + T (O Re(t) )
—e Ml (t— ) Re(t—Tar) —Tar e5eT (5) - Seé(s)ds + 72,7 (1) Sé(t)

t—Tnm

N m
+ p(t)eT (kh)CT Ce(kh) + Zkz > a0 (th-141)CTCO(th-141)

1= =1
—eT(t)(D @ Uye(t) + QeT(t)(@ @ Us)F(e(t)) — FT(e(t))(® ® I)F(e(t))
— ()@ @ J)e(t) + 2T (1) (¥ @ Jo)Gle(t)) — GT(e(t)) (¥ @ I)G(e(t)).

In the above formula, by using lemma 1, the following can be obtained:

t t
77’1\/[/ eVl (5)Se(s)ds < — T O™ / ¢T'(5)Se(s)ds
t—7Tnm t—Tm

ety 171 S + =« e(t) (17)
< —e M le(tT(t))] WS2SQW*] |:e(t7'(t))] .
e(t—7nm) -W W-S68 e(t—7ar)

Let
&(t) = [e"(t) e (t = 7(t)) e (t = mar) FT(e(t)) GT(e(t))

t
| et = 9GTe(e)ds) 70 8T ()
t—71
The following equation holds:
2T (1)Se(t) = T () HT SHE(L). (18)
Therefore, by the definition of £(¢) and (11)-(18), there are

N

V(t)+aV(t) < X)) + T () HT SHE(t) + Z k;. (19)

i=1
Combined inequality (8) with Schur Complement lemma, gives

N+ HTSH < 0.
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So there is N
V) +aV(t) <) ki (20)
i=1
According to the comparison principle, we can reach that:
N t
V(t) < V(0)e * + Zkl/ e~(t=9) (s, (21)
i=1 70

It is easy to find V (t) > Anin(P)|le(t)]|?, so we have:

Vo) _ Y, ki - Vo) _ SV kg
e(t 2§7€ (xt_’_#l_eat < ———c¢ at_"_#. 29
H ( )” /\mzn(P) O‘Amin(P)( ) )\mm(P) a/\min(P) ( )
At this point, the proof is complete. O

Theorem 2. Under Assumption 1, the error system (3) is exponentially ultimately bounded if there
exist block diagonal matrices P > 0, @ > 0, R > 0, S > 0, X, diagonal matrices ® > 0, ¥ > 0 and
matric W, such that the following LMIs (23) and (24) hold for given parameter tpy >0, a >0, p > 0,
ki >06=1,2,---,N), g €[0,1](l=1,2,--- ,m). where

S wT
[W S } >0, (23)
and _ -
2 H'P
{PH —2P + S] <0 (24)
[ 024 x %k i

*
.(_221 922 * * *
e MV (235 (233 *  x
.(241 0 0 944 *
951 0 0 0 955 *
P 0 0 0 0 2%
Q0 2720 0 0 0 277

l
I

¥ X X ¥ X X

m
Q1= aCTX[ = e ™MW 48,
=1

271 = col{e;:CTX] - &, CT XL},

In addition, if LMIs (23) and (24) are solvable, the controller gain matrices are given as

K, =P X, 1=1,2,---,m.
Proof. For any constant £, we can get —PS~'P < —2(P + (25, then LMI (24) can deduce
2 H'P
[PH PSlP} <0. (25)
Noting that X; = PK;, per-multiplying and post-multiplying (25) by diag{I,I,I,I,I,I,I, P71}, the
LMI (8) can be obtained. The rest of the proof is the same as Theorem 1. O

4 Stability Analysis of Target Node Unknown

In the last section, we studied the controller design problem of synchronizing complex dynamic networks
by using the memory event triggering strategy when the target node is known. And in this section, we
will continue to study the controller design to synchronizing the complex dynamical network when the
state information of the target node is unavailable. First, we will use the output information of the target
node to estimate the state information, and then design a memory event trigger controller based on the
state estimation to achieve synchronization.
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4.1 The Design of Estimator

Assume that the target node information is as follows:

(26)
z(t) = Dw(t),

where z(t) is the measurement output of the target node, D € R™*™ is a known constant matrix.

In the designed estimator, the sensor still uses the periodic sampling method. Assume that the
sampling period is hi, and the memory event trigger function will determine whether the sampled signal
is transmitted to the estimator. The memory event trigger release sequence of the target node w is
0 ="Tohy <Tihy <T3hy < ---, and it is determined by:

Tyy1h1 =Tyhy + Igg{rhl\h(ﬁ(Tk—lH), p(t), k) > 0}, (27)

the memory event trigger function A(9(Tyx_;41), p(t), k) will be given later, and it is related to the vector
(Th_141), the given threshold constants p(t) > 0, k > 0.

Assume that the network transmission delay is 7, where ni € [0,7], 1y = maxgen{nx, 7} For
t € [Txht + Mk, Tov1h1 + ni41), define n(t) =t — Txr1h1, and the estimate of the target node is given

m

w(t) = f(@(t) + /t_ p(t = $)g(i(s))ds + Y & ED(w(Ti—r1h1) = D(Timi1ha)), (28)

=1

where w(t) is the estimate of the state vector w(t) and E; € R™*™ is the estimator gain matrix, &; is the
weight parameter.
The estimation error is defined as v(t) = w(t) — @(t), and the estimation error dynamics are as follows:

o(t) = flut) + /ti ¢(t = )g(v(s))ds — Y &EDv(T-r41h), (29)

=1

where f(u(t)) = f(w(t)) = f(@(1), 3(v(s)) = g(w(s)) — g(i(s)).

We define the event trigger function:
R (The—141), p Z T (Ty—131) DT DI(Th_141) — p(£)07 (khy) DT Do(khy) — k, (30)

where 9(Tx_i11) = v(Tx—i11h1) — v(Tkhy + rhy) and o(khy) = %Zl";l V(Tg—1+1h1), p(t) = po +
A —X|v r 24 A A
pre” M Tehitrhil™ 5 — b + py.

For t € [Tihy + Nk, Tk+1h1 + Mkt1), one can get:

p()o" (khy) DT Do (khy) + Z T (Th—141) DT DI(Ty_141). (31)

Remark 5. For the designed estimator, the memory event trigger strategy is adopted here, which will
achieve synchronization faster, and the obtained state estimation information will be closer to the real
state information. As for the effectiveness of the estimator, that is, the estimation error dynamics are
exponentially ultimately bounded, we will prove it by the following theorems.

Theorem 3. Under assumption 1, the estimation error system (29) is exponentially ultimately bounded
if there exist matrices P >0, @ >0, R > 0, S > 0, real matriz W and two scalar constants ¢ > 0, ¢ > 0,
such that the following LMIs (32) and (33) hold for given parameters ny > 0, aq > 0, p > 0, k>o0,
€ €10,1](1=1,2,---,m) and the estimator gain E;. where

[SWT

WS ] > 0, (32)
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and

T
{? _@1} <0, (33)

[ A * % k% %k k]
A21 AQQ * * * * *
e_a”’MW A32 A33 * * * *

A= Ay 0 0 —@I * * x|,

YJI 0 0 0 Asy x %
P 0 0 0 0 A66 *

App A 0 0 0 0 Agq)

All :OZ1P +R—eTNMS — ¢le — ’(/le, Agl = — ZélDTElT'p —e MMM 4 e—al’WMS’
=1
Ay =P + UYL, Agy = pDT D —2e~ MM S 2™ 1M YY),

Ay =col{—é,DTETP,... ,—£,DTET P}, Agy = —e 1MW) 4 g~ 1M S,
A :col{%DTD, . ,%DTD} Agg = —e VMR _ e~ MS Ay = 3.0 — i), (34)
1 T b
Agg=——Q, ¢, = / @(0)e™?dl, Ary = %DTD x I, + diag{—e1D"D,--- ,—£,, D" D},
Pr 0 m
L=ny[0 =Y &ED 0 I 0 I —&ED - —£,E,D].

=1
Proof. The following Lyapunov candidate functions are given:

T

V(t) = " (tyPo(t) + / p(8)er? / e C0gT (0(5)) Qg(v(5))dsdt
- (35)

¢ t t
+/ e 5700 T (s Ru(s)ds + 77M/ / 10T (5)S0(s)dsd.
t—nn t—nma /0

Calculating the time derivative of V(t) along the trajectory of system (29), and then combine
assumption 1, lemma 1,2 to get:

V() + arV(t) <ayoT (1)Po(t) + 20T 0)P[f(v(t))

+ / o(t = $)3(0(s))ds — S EEDO(Ti_151) + vlt — n(t)))]
t—T1 =1

t

+$T§T(U(t))Q§(U(t))—%'[ / o(t—3)i(u(s))ds] Q) / o(t — £)(v(s))ds]

T —T t—1

+oT(ORu(t) — e ™ T (t —np) ) Ro(t — nar) + a0 (H)So(t)

o) 1T s« [ o) %)
_ oo [U(t_n(t))] [W—828—2W*] v(t—n(t))]
v(t—nar) -W W-8 S| |v(t—nu)

+ p(t)0" (khy) D" Do(khy) + k=Y &0" (Te—141) - DT DI(Ti—141)

=1
— ¢ (OU0(t) +260" (U2 f (v (1) = of T (0 f(v(t) — T (8)Jro(t)
+ 2007 (1) Log(v(t)) — g (v(£)19(v(t)).

Define vectors x as follows:
X(0):=[" () v (t=n(®) V" (t=nm) [T (0() G ()

| ett=sitvisns 9@ (@)
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Then (36) can be written as
V(t) + anV(t) < x" () Ax(t) + X" ()L SLx(t) + .
Using lemma 3 to the inequality (33), we can get A + LTSL < 0. Therefore, we have
V(t) + aV(t) < k.

According to the comparison principle:

t
V() <V(0)e ! + k/ e t=9) s,
0

and V() > Anin(P)|Jv(t)]|?, there are

~

VO e, K

I W R )

end of proof.

(40)

O

Theorem 4. Under assumption 1, the estimation error system (29) is exponentially ultimately bounded
if there exist matrices P >0, @ >0, R >0, S > 0, Y, real matriz VW and two scalar constants ¢ > 0,
¥ > 0, such that the following LMIs (41) and (42) hold for given parameters ny > 0, a; > 0, p > 0,

k>0,8¢€[0,1(=1,2---,m). where

S wt
W S >0,

and B
A TP
[Pﬁ —27?+S} <0,

A * % % 1
A_Ql Agy * %
e MMM Agg Az %
Agy 0 0 —o¢I
WJI 0 0 0 Ass x
P 0 0 0 0 Ag
A A 0 0 0 0 Az

521 — _élDTYET — e MMM 6—041771\48,
Ap = col{—-6,DTY] ... —¢,DTYTY.

* ¥ ¥ X
* K ¥ K

N
Il

EE SR R e

Obviously, if LMIs (41) and (42) are solvable, the designed estimator gain matriz is given by

E =P, 1=1,2--,m.

4.2 Controller Design and Synchronic Analysis

(41)

Next, we will design a controller @;(t) to make the complex dynamic network achieve synchronization

according to the estimated state of the target node w.
The synchronization error dynamical system can be described as:

éi(t) = flei(t)) +

JAAM

/t_ ot — $)(esls)ds + 3 lyTes () + @ilt), i=1,2- N.  (43)

=1
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Here, the controller is still designed by the strategy of periodic sampling and memory event triggering.
For the node i, it is assumed that the sampling period of the sensor is hy. The event trigger sequence is
0 = tpha < tihey <tyhe <---, and the release instant ¢; ,  hs is defined as follows:

+1h2_tkh2+mm{rh2|25[ (tr—111)CTCibitr_151)) > p(t)er (kho)CTCies(khs) + kiy,  (44)
=1

where & is the weight parameter. &;(t) = x;(t) — w(t), 6i(tp_1+1) = & (ti_ 1p1he) — éi(tihe + rh),
&i(kha) = L SO7 ei(th_y 1ha), p(t) = po + pre Melrhatrha)l® 15 — 504 5, k; is a known constant.
Design the controller as follows:

i;(t) =Y EK[Ciéi(th 1y ha), (45)
=1

where K 7 is the controller gain matrix to be designed. Consider the network transmission delay (i, where
G € [0, Cols Gy = maxpen{(}. Let Gi(t) =t =ty ho, t € [tiha + Gy thyrhe + Goypy)-
The following symbols are given:

e(t —¢(1) =[e] (t = C(1), -+, en(t — ()], P =diag{P1, P,,--- , Py},

o(t) =[0] (£),03 (£), -+, ox ()7, Q =diag{Q1,Q2, -+ ,Qn},

K, =diag{K} , K?,--- K]}, R =diag{R1,R,, - , Ry},

e(tpha) =[e] (thha), €5 (tEha), -+, en (g ha)]", S =diag{5,Ss,--- , S},
v(teha) =[0T (thhe), 0T (t2hs), - 0T (tN hy)]T, W =diag{Wy, Wa,--- ,Wn},

G =max{Cyy, s L T b =diag{®y, P2, , PN},

U =diag{¥, ¥y, -- Uy}

Theorem 5. Under assumption 1, the error system (483) is exponentially ultimately bounded if there exist
block diagonal matrices P >0, Q >0, R > 0, S > 0, diagonal matrices & > 0, ¥ > 0 and real matriz
W, such that the following LMIs (46) and (47) hold for given parameters ¢, > 0, g > 0, g3 > 0, g4 > 0,
45>0,q>0,Cy >0,0a2>0 >0,k >00=1,2,---,N), f€(0,1), & €[0,1](1,2,--- ,m) and the
controller gain K;. where

SwT
{VT/ g } >0, (46)
and
I ar qr
1 &—1
x —(1+ (TG) S (3 <0, (47)
* * 17
[ I x ok ok ox ok k]
115 } Iloo % % % %
e 2CM T} I35 1I33 % * * *
11 = 0 0 0 H44 * * * , (48)
H51 0 0 0 H55 * *
WeJJ)" 0 0 0 0 g *
i P 0 0 0 0 0 Iy
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I =P+ P(LOT)+ (Lo D)TP+R—e MG — (6@ U,) — (¥ .,),

H21 = (X2<MW + G_QQCMS + 1 — ZE[CTKI s
H51 :P + (é X UQ)T, H22 = —2e OLQCMS =+ 26_062<MVV7

I3y = — e @MW 4 7 20M G [Jag = —e @20MR _ g~ 26MG & — / @(9)6“29d9,
0
. - ] 1
My =diag{$&,C7 (s @ 1)C, - , e CT (@1 © I)C} + (1 — /3)%&(((]—4 +1) @ 1)C X I,

_ o 1 -
IIss = — (P ® 1), llgs = p-Q — (Y @ I) II77 = ——Q,

H=(y[(L®I) 0 0 §KC-,K,C I 0 I,

:ZalK,TP 0000 0 0

e

:_ﬁ " +a) o) —(1-8)"" (g +q¢)®1I).

Proof. Consider the following Lyapunov function candidate:

V(t) = ‘71( £) + Va(t) + Va(t) + Va(t),

Ze

a20 az(s t) ~T e S
§: / / (e4(5))Ouii(es(s))dsdo, o
Vs(t) = e =0T () Ries(s ds,
A(8) ?f/m 7 (s) Ries(s)

ZCM/ <M/ e T () G,64(s)dsdb.

Combining Assumption 1, we can get the time derivative of f/(t)

V(t) + sV () <asel (t)Pe(t) + 267 (t) P[F(e(t)) + /t  plt = 8)G(e()ds + (L@ De(t)]

m

+2¢T( Z K Ce(ty—111h2) + -G (e(t))Q - Gle(t))

(t — 5)G(e(s))ds)Q - | / = 9)Gels))ds] + €T (O Re(t)

|
5]
T\w
]
A

— 26 T (t — o) Re(t — Cur) — Cur / e2(57eT () - Sé(s)ds + (re” (1) Se(t)
— () (@ @ Un)e(t) + 27 (£)( @ Un) F(e(t)) — FT(e(t)) (@ @ I)F(e(t))

—eT()(F @ J1)e(t) + 2T (1) (P @ Jo)Gle(t)) — GT (e(t)) (¥ @ I)G(e(t)), )
50
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ZeT(t)Pf:élf( Cé(tp_141h2)
=28e" ()P & KiC(e(th-111h2) + v(th-111h2)) +2(1 — i S(th—ip1) +e(t —C(t)))
:256T(t)15§m: 1K Ce(tp_ip1he) + 28T ( i 1KC - v(tp_i41ho)

+2(1 - B)eT(t)Pi KO8 (tre—141) +2(1 — i (1))

<pe’(t)P Zélf(l((éh +q2) @ 1) K[ Pe(t) + ZéleT(tk—thQ)CT(Ch @ I)Ce(ty—141h2)

=1 =1
+ B8 & (te-i11h2)CT (g2 ® )Cv(th—i41h2) + Z (g3 ® 1)~ K[ Pe(t)
=1 =1
ng (tr141)CTCO(tp_111) +2(1 = B Z 1K Ce(t — ¢(1) +v(t —¢(1))).

(51)
The above inequality can be obtained according to lemma 4.
In the above inequality, according to (44), when the event trigger condition is not satisfied, there are

Z €~l(§T (tk,l+1)CTC(§(tk,l+1)

=1

3=
NE
_MZ

éT(tk_H_th)CTC é(tk—l+1h2)

IA

3 =
[
i

=1

N
Il
N

3=
Ms

(eT (tp_1p1ho) + 0T (tp_141ho))CTC (e(tk—11h2) + v(tg—i1+1h2))

3>
-
uMz

3‘@1 )‘—l‘

Z tk l+1h2 C Cc— ZU tk l+1h2)

l 1

Ms

GT(tk_H_th)CTC (tk l+1h2

1
m

I
3 |~
NE

~

1

~

3=
Ms
'Mz D

v (tp_i41he)CTC v (the—ip1he)+

1 %

+
3 [
MS i

l 1

1 R
e (th_141h2)CT ((q +1enc—. ;e(tk,lﬂhg)

N
Il
_

A
3|
Ms

N
Il
-

m

O (te—141h2)CT - ((qa+ 1) @ O w(te—141h2) +
1 =1

3 >
Ms

_|_

HMZ

l

Therefore, we can reach that

m

(1-5 Q3Z€l5 (tr—141)CTCO(tx—141)

S‘bz H

m 1 m

E 6T (tk—1+1h2)C ((q +1)eI)C g E e(th—i41h2) (52)
4

1= =1

U(tk—141he) +

nMg
>
(E?‘Z

1
m s

S ‘bz

Z (th—141h2)CT - ((ga + 1) @ 1)C
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Similarly, we can get

<2(1 - 5)eT(t)P§: &K Ce(t — C(t) + ( i (g5 @ I) LK Pe(t)

For ¢3,¢T(t)Sé(t), it can be written as follows

CRre" (8)Se(t)
=/ [F(e(t)) + /ttT o(t — 5)G(e(s))ds + (L @ De(t) + ;aKlCe(tk 111ha)
+ lzm;éf(lC’v(tk_thg)]Tg [F(e(t) + /t tT o(t — 5)G(e(s))ds
+(L® De(t) + lz; 8K Ce(tp_isrhs) + lz;elKlCU(tk 141h2)]
= (4 [F(e(t)) + /t i o(t —5)G(e(s))ds + (L @ I'e(t) + f: &K Ce(ty_141h2)]”
- S[F(e(t)) + /t tT o(t —s) - Gle(s))ds + (L @ I)e(t) + i &K Ce(ty_111ho)]

2GR F(e) + [t = )Ge(s))ds + (Lo e DS akiCelty 1 h)]"
t= =1

. 5251K50U(tk_1+1h2) + CJQW ZENlUT(tk_l+1h2)CTRFS'KlCZélv(tk_“_lhg).
=1 =1 =1

The block diagonal matrix S can be written as S = MTM, which is decomposed by Cholesky
decomposition method, where M is a lower triangular real matrix with positive diagonal elements. Then
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the above formula can be written as

203/ [F(e(t)) + /t_ ot — 5)G(e(s))ds + (L@ De(t) + > _ &K Ce(ty—141h2)]"S Y | &K Co(te—141ho)

=1 =1

= 203, [F(e(t)) +/t7 @t —s)G(e(s))ds + (L@ e &K Ce(ty—_ip1he)]"MTM ZélleU(tk—thz)

3~M3

=1
< @in[F@(ﬂ) + / o(t — 5)G(e(s))ds + (L ® T)e(t) + Z R\ Ce(t141ha)|TMT
t=T 1=1
. M[F(e(t)) + /_ (p(t — S)G( ( ))d8+(L®F +ZElKlCe te_ l+1h2)]

T =1

+Chrgs - > VT (teoi41ha) CTKT MM E,CY " &o(te—i41h2)

=1 =1
= CJQWL[F(e(t)) + / ot — s)G(e(s))ds + (L & INe(t) + Z lelC’e(tk 111h2)]t
d6 t= =1
-5‘[F(e(t))+/7 ot — s)G(e(s))ds+ (LR T)e( +ZEZK106 tp—1+1ho)]

=1

+CRrds - Y G (thi1he) CTKSKIC Y " &u(ty—i41ha).
=1 =1

therefore

e () Se)
3,01+ iﬁ)me@) + [ el = s)Ge(s))ds + (Lo Dett) + Zslmcfz(tk k)]

/ (t —s)G(e(s))ds + (L @ I'e(t) + ZEIKIC e(tk—14+1h2)] 54

=1

+CM 1+q6 Z tk l+1h2 C Kl SK[OZF;IU tr— l+1h2)
=1 =1
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Then, the equality (50), combined with (51)-(54), and Lemma 1, the following can be obtained:

t

V(t) + QQV(t) < ageT(t)pe(t) +2eT(t )P[F(e(t)) Jr/ ot —s)G(e(s))ds + (L @ I)e(t)]

/ o(t — )G e(s))ds] + €T () Relt)

ds)@Q - |
] o ” 4
W st QW* e(t—C (1)
CM (t—Cnr)

e(t))(

NS DF " (t) (@ @ Jy)e(t)

+E T (e()QG () — — | / o(t — 5)G(

Pr

_ e—az€M . (t _ CM)Re(t _ CM) —e —a2Cn,

—eT(t)(D @ Uy)e(t) + 27 (t)(D @ U) F
Ki((qn + @)  I) 7 K[ Pe(t)

Ms

+2¢7 (1) (T ® Lo)Gle(t) — G (e(t)) (¥ © I)G(e(t) + pe” ()P

=1

+ 8 e (tho131h2)CT (1 ® DCe(trrgrha) + B Y &0 (tho131h2)C7 (g2 ® ICo(tk—141h2)
=1 =1

+( Z ((gs + q5) ® I) ' K[ Pe(t)

ﬁ o~ T 1 RS
— (t h2) Hel)C - — e(t ho)
m;e k—i+1h2) ((q +1)® mg k—i+1h2)

%Z (th—141h2)CT ((qa +1) @ 1) %Z (th—i41h2)
N m
+> k] +201-8 Z 1K Ce(t = ¢(1) + (1= B)v" (t = ¢(1)) - C" (g5 ® I)Co(t — (1))
i=1 =1
+<J%I<1+qi6>[F<e<t>>+ / olt — $)G(e())ds + (L® D)elt) + 3 ERiC - ety 11h)]"
t—=7 =1

S[F(e(t) + / "ol — )Gle())ds + (L@ Dhelt) + Zlelc*e(tk ha)]

+ (1 + o) Z O(ty—111he)CT K] SKlClz;slv thir1ha).
(55)
Letting
Et)=1[e(t) e"(t=C(t) e"(t—Cur) e (trha)
e (to—mrhz)  FT(e(t)) G (e(t) ttT p(t — )G (e(s))ds]".

One can get

V(1) + sV (t) < ET()IER) + (1 + q%)é ()HTSHE(t) f: (56)
where

T =1-p)IC" (g5 @ D)Cv(t = O + [BICT (g2 ® 1) - O] + (1 = ﬁ)%wT((CM +1)®I)C]
+ (1 +gs) - |ZCTKZTSZKZC|]||U(tk—l+1h2)||27

=1 =1
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V() k
t— t 2 < Oq(t C]\{)
ot = CONF <5~ e Rt
Vo) k
to_ h 2 TN a1 (tk—mi1h2) S
lolti-rte) =3 oy A Amin (P)
[ I x % ok ok x k|
H21 ~ H22 * 0 0 0 O
e 2lM WlilssIlls3 0 0 0 0
= 0 ¥ x Iy 0 0 0 |,
H51 * * * H55 0 0
(W@ Jg) x* % ok *x Ilgg O
L P * %k ok x [y |
with
Ho—U11+ﬂZ€lPKz (1 +q)eI)” Z Z 1PEi((gs+g5) @ 1) Y &aK['P,

=1 =1
the definition of II;; is the same as above. Apply Schur complement twice to (47) yields o+ 1+
)JHTSH <0, and
. N -
1— N Ei4+T
e < O oy L= P2y it T 67)

so far, the proof is complete. O

Theorem 6. Under assumption 1, the error system (43) is exponentially ultimately bounded if there exist
block diagonal matrices P >0, Q >0, R >0, S > 0, Z;, diagonal matrices & > 0, ¥ > 0 and real matriz
W, such that the following LMIs (58) and (59) hold for given parameters g1 > 0, g2 > 0, g3 > 0, g4 > 0,
g5 >0,96>0,C>0,0>0,5>0,k >00=1,2,---,N), B€(0,1), 5 €[0,1](l =1,2,--- ,m) and
the controller gain K;. where

& 1T
{Vf/”; } >0, (58)
and
n HTP HT
x (-2P+9)(1+ 1)1 0 | <o, (59)
* * I
where
[ I * ok ok ox k%]
]721 HQQ * * * * *
e~ 20V oo T35 % % % %
I = 0 0 0 Iy * * % |,
H51 0 0 0 H55 * *
(W@JQ)T 0 0 0 0 Ig =
L P 0 0 0 0 0 I
My = —e %MW e~%MG 1 (13 Z ctzt, =zF 0 0 0 0 0 0] (60)

other definitions are the same as Theorem 5. Moreover, if the LMIs (58) and (59) are solvable, the desired
controller gain matrices are given as
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5 Numerical Example

In the previous sections, the sufficient conditions for the synchronization of complex dynamic networks
with bounded distributed delays are given by the method of memory event triggering. In this section, an
example is given to verify the validity and feasibility of the theoretical results. Let the nonlinear function
f(zi(t)) to be Chua’s circuit[40]. Then f(x;(t)) can be described as follows:

a(—zi + 2 — o(x1))
f(@i(t)) = il — Tiz + T3 ) (61)
—bxio

where o(z;1) = dxi1 + 3(c — d)(Jzin (t) + 1| — [z (t) = 1)), a =10, b=18, c = —%, d = —
Let

|

—0.8213i1 + 02(|$11(t) + 8| - |1‘7;1(t) - 8|) + 0.4$Z‘2
g(z;(t)) = 0.8z;2 + tanh(—0.62;2) ) (62)
0.6x;3 + tanh(—0.4x;3)

o) =e"t 7=2. Let

—ad—a a 0 —ad—aa O -0.80.4 0 -0.404 0
U= 1 =121 |, U= 1 081, J1= 0 08 0], J,= 0 02 0],
0 —a —1.8 0 —a0.8 0 0 06 0 002

which is easy to verify, the sector-bounded condition of nonlinear vector-valued functions in Assumption 1
is satisfied.

In the event trigger condition, let pg = 0.2, p1 = 0.2, A = 0.1, p(t) < po+p1 = 0.4, k; = 0.3(i = 1,2, 3).
The memory area capacity m = 2, e; = 0.7, 2 = 0.3. In addition, 73y = 2,

-5 3 2
A=|3 -4 1|,C=[101],
2 1 -3

and I" = 31. When the target node is known, a feasible solution is obtained by solving inequality (7), (8)
by using Matlab LMIs Toolbox:

0.0297 —0.0007 —0.0021
* 0.0309 0.0002
* * 0.0300

0.0378 —0.0013 —0.0025
* 0.0390 0.0002
* * 0.0379

P = , Py = ,Py=| x 00608 0.0005

* * 0.0599

0.0596 —0.0024 —0.0031 ‘|

* 2.1723 0.0088 * 2.1928 0.0088 * 2.2076 0.0086

1.7096 —0.4118 0.0293 1.7304 —0.4118 0.0301 1.7449 —0.4114 0.0308
Ql = P QQ = ) Q3 = ’
* * 2.4380 * * 2.4594 * * 2.4739

0.4797 —0.3636 —0.0307
* 0.2871 0.0523
* * 0.3509

0.5222 —0.3697 —0.0330
* 0.3260 0.0537
* * 0.3948

R, = , Ro = , Rs = * 0.3507 0.0547

* * 0.4206

0.5471 —0.3727 0.0360‘|
)

*  0.9765 —0.0055
* * 0.9942

*  0.9795 —0.0054 *  0.9855 —0.0052
* * 0.9973 * * 1.0036

0.9918 0.0175 0.0282
S1 = , 1S9

0.9949 0.0177 0.0283 ] ll.OOIS 0.0166 0.0284 ]
) S3 = )

Wy = * —0.0700 0.0023 * —0.0757 0.0015 * —0.0768 0.0017

—0.2849 0.0541 —0.1800 —0.2901 0.0551 —0.1800 —0.2908 0.0548 —0.1795
s W2 = ) W3 = )
* * —0.2675 * * —0.2731 * * —0.2742
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& = diag{0.0199 0.0203

[0.6394]
—0.0666
| —0.6486 |

[ 0.1298 ]
—0.0303

| 0.1583 |
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0.0203}, ¥ = diag{5.6412 5.6783 5.6963},

[—0.4969] [—0.3086]
JK?=1-0.0589| ,K?=1 0.0388 |,

| —0.5067 | —0.3145

[0.1092 [0.2219 ]
JK3=1-0.0447| | K3= [ —0.0208 | .

| 0.1219 | | 0.2338 |

By solving Theorem 1, the complex dynamic network can achieve synchronization for given parameters.
When the target node is unknown, the estimator is designed first. Suppose nyy =3, 7 = 2, a3 = 0.3,
p=0.4 and &5 = 0.6, &5 = 0.4. By solving inequality (32), (33), we can get:

0.0424 —0.0055 0.0022
P = * 0.0440 —0.0001 |, Q =
* * 0.0476
0.4329 0.0009 0.0444
S= *  0.3994 —0.0043

*

|

0.4381
and ¢ = 0.0046, ¢ = 5.1336.

*

0.6355 —0.2906 0.2102
* 1.0216 —0.0942
* * 1.1824 |

0.4370 0.0278 —0.33387
% —0.0734 0.0075
x  —0.4268 |

*

—0.1110 —0.1084 —0.0660
* —0.1622 0.0090

- |

* * —0.1658
—0.3097 0.6740

, By = 1[-0.0213| , Fy, = [0.1246] ,
—0.2535 0.5910

Let CM = 2, T = 27 Qo = 027 51 = 06, 52 = 04, q1 = q2 = 05, 43 = 44 = 04, d5 = (4 = 08, ﬂ = 04,
p = 0.4. Combined with the design of the estimator solve inequality (46), (47), we can get:

[0.0050 —0.0002 0.0000 ]
* 0.0047 0.0000
* * 0.0049 |

Py

0.6161 —0.2509 0.0001 7
* 0.8305 0.0114
* 1.0386 |

*

[0.0777 —0.0873 0.0034 T
*  —0.0210 0.0112
* 0.0433 |

&

*

[0.6660 0.0068 —0.0006 T
*  0.6737 —0.0010
* 0.6676 |

|

& = diag{0.0047 0.0047

5‘92

*

—0.0026 0.0212 —0.0014
* 0.0219 —0.0029
* 0.0037

W,

*

[—0.1075]
—0.0160
| —0.1080 ]

[—1.5298]
—0.2910
| —1.5809 ]

[0.0061 —0.0003 0.0000 7
* 0.0058 0.0000
* * 0.0060 |

r0.6212 —0.2517 0.0001 ]
% 0.8360 0.0116
«  1.0453 |

*

[0.0830 —0.0882 0.0035
* —0.0170 0.0115
* 0.0487 |

*

[0.6666 0.0069 —0.0006
* 0.6744 —0.0010
* 0.6682 |

*

—0.0036 0.0213 —0.0014
* 0.0210 —0.0030
* 0.0026

*

|

0.0091 —0.0005 0.0000
0.0086 0.0001
* 0.0090

*
*

|

10.6243 —0.2522 0.0001 ]
x  0.8395 0.0116
x  1.0494 |

)
*

[0.0859 —0.0886 0.0035
*  —0.0148 0.0116 | ,
* 0.0517 |

|

—0.0042 0.0213 —0.0014
* 0.0205 —0.0030
* 0.0020

*

~ 0.6669 0.0068 —0.0006
, S3 = * 0.6745 —0.0009
* 0.6683

*

|

*

0.0048}, ¥ = diag{3.4222 3.4360 3.4440},

[—0.0869] [—0.0579]
JK?=1-0.0135| , K= |—0.0091] ,

| —0.0870] | —0.0576 |

[—1.2402] [—0.8284]
JK3=1-0.2453| K3 = |[—0.1665] .

| —1.2793 ] | —0.8508 |

It can be proved that when the target node is unknown, the memory output feedback controller
designed based on the estimated state of the target node can synchronize the complex dynamic network.

Copyright © 2021 Isaac Scientific Publishing

JAAM



110 Journal of Advances in Applied Mathematics, Vol. 6, No. 2, April 2021

6 Conclusion

This paper discusses the design of synchronous controllers for complex dynamic networks with bounded
distributed delays when the target node is known or unknown. The memory event trigger control strategy
is adopted. Compared with the traditional event-triggered control method, it has the advantages of
reducing the transmission frequency of data packet signals, shortening the transient process and saving
resources. On the basis of the designed memory event triggering scheme, some sufficient conditions for
the exponentially ultimately bounded of complex dynamic networks are derived according to Lyapunov
function and linear matrix inequalities. Finally, the validity of the theoretical results is verified by a
numerical simulation case.

References

1. N. Eagle and A. S. Pentland. Reality mining: sensing complex social systems. Pers. Ubiquitous Comput.,
10(4):255-268, 2006.

2. R. Pastor-Satorras, E. Smith, and R. V. Sole. Evolving protein interaction networks through gene duplication.
J. Theor. Biol., 222(2):199-210, 2003.

3. G. A. Pagani and M. Aiello. The Power Grid as a complex network: A survey. Phys. A Stat. Mech. Appl.,
392(11):2688-2700, 2013.

4. H.T. Zhang, T. Yu, J.P. Sang, and X.W. Zou. Dynamic fluctuation model of complex networks with weight
scaling behavior and its application to airport networks. Phys. A Stat. Mech, Appl., 393:590-599, 2014.

5. R. Albert, H. Jeong, and A. L. Barabasi. Internet - Diameter of the World-Wide Web. Nature, 401(6749):130—
131, SEP 9 1999.

6. H.J. Karimi, H. R.and Gao. New Delay-Dependent Exponential H-infinity Synchronization for Uncertain
Neural Networks With Mixed Time Delays. IEEE Trans. Syst., Man, Cybern. B, Cybern., 40(1):173-185,
FEB 2010.

7. J.Q. Luand D. W. C. Ho. Globally Exponential Synchronization and Synchronizability for General Dynamical
Networks. IEEE Trans. Syst., Man, Cybern. B, Cybern., 40(2):350-361, APR 2010.

8. Z.S. Duan, J.Z. Wang, G.R. Chen, and L. Huang. Stability analysis and decentralized control of a class of
complex dynamical networks. Automatica, 44(4):1028-1035, APR, 2008.

9. W. K. Wong, W.B. Zhang, Y. Tang, and X.T. Wu. Stochastic Synchronization of Complex Networks With
Mixed Impulses. IEEE Trans. Circuit Syst. I, 60(10):2657-2667, OCT 2013.

10. Q. Han, C.D. Li, and J.J. Huang. Anticipating synchronization of chaotic systems with time delay and
parameter mismatch. Chaos, 19(1), MAR 20009.

11. J.Q. Lu, C.D. Ding, J.G. Lou, and J.D. Cao. Outer synchronization of partially coupled dynamical networks
via pinning impulsive controllers. J. Frankl. Inst. Eng. Appl. Math., 352(11):5024-5041, NOV 2015.

12. R. Rakkiyappan, A. Chandrasekar, J.H. Park, and O. M. Kwon. Exponential synchronization criteria for
Markovian jumping neural networks with time-varying delays and sampled-data control. Nonlinear Anal.:
Hybrid Syst, 14:16-37, NOV 2014.

13. Y.J. Liu, B.Z. Guo, J.H. Park, and S.M. Lee. Nonfragile Exponential Synchronization of Delayed Complex
Dynamical Networks With Memory Sampled-Data Control. IEEE Trans. Neural Netw. Learn. Syst., 29(1):118-
128, JAN 2018.

14. J. K. Hale. Theory of Functional Differential Equations. Springer-Verlag Berlin Heidelberg, 1977.

15. Y. Dong, J.W. Chen, and J.G. Xian. Event-triggered control for finite-time lag synchronisation of time-delayed
complex networks. IET Control Theory Appl., 12(14):1916-1923, 2018.

16. X. Wang, X.Z. Liu, K. She, and S.M. Zhong. Finite-time lag synchronization of master-slave complex dynamical
networks with unknown signal propagation delays. J. Frankl. Inst. Eng. Appl. Math., 354(12):4913-4929,
AUG 2017.

17. L. Cheng, Y. Yang, L. Li, and X. Sui. Finite-time hybrid projective synchronization of the drive-response
complex networks with distributed-delay via adaptive intermittent control. Phys. A Stat. Mec. Appl.,
500:273-286, 2018.

18. J. Liu, Y.L. Zhang, C.Y. Sun, and Y. Yu. Fixed-time consensus of multi-agent systems with input delay and
uncertain disturbances via event-triggered control. Inf. Sci., 480:261-272, 2019.

19. H.Q. Li, X.F. Liao, G. Chen, D. J. Hill, Z.Y. Dong, and T.W. Huang. Event-triggered asynchronous intermittent
communication strategy for synchronization in complex dynamical networks. Neural Netw., 66:1-10, 2015.

20. J. Zhang, C. Peng, D.J. Du, and M. Zheng. Adaptive event-triggered communication scheme for networked
control systems with randomly occurring nonlinearities and uncertainties. Neurocomputing, 174(A, SI):475-482,
2016.

JAAM Copyright © 2021 Isaac Scientific Publishing



Journal of Advances in Applied Mathematics, Vol. 6, No. 2, April 2021 111

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Z. Gu, E.G. Tian, and J.L. Liu. Adaptive event-triggered control of a class of nonlinear networked systems. J.
Frankl. Inst. Eng. Appl. Math., 354(9):3854-3871, JUN 2017.

L.J. Zha, E.G. Tian, X.P. Xie, Z. Gu, and J. Cao. Decentralized event-triggered H-infinity control for neural
networks subject to cyber-attacks. Inf. Sci., 457:141-155, 2018.

Y. Fan, L. Liu, G. Feng, and Y. Wang. Self-Triggered Consensus for Multi-Agent Systems With Zeno-Free
Triggers. IEEE Trans. Autom. Control., 60(10):2779-2784, OCT 2015.

J.H. Zhang and G. Feng. Event-driven observer-based output feedback control for linear systems. Automatica,
50(7):1852-1859, JUL 2014.

N. Hou, H.L. Dong, W.D. Zhang, Y.R. Liu, and F. E. Alsaadi. Event-triggered state estimation for time-delayed
complex networks with gain variations based on partial nodes. Int. J. General Syst., 47(5):408-421, 2018.
Q Li, B Shen, J.L. Liang, and H.S. Shu. Event-triggered synchronization control for complex networks with
uncertain inner coupling. Int. J. General Syst., 44(2, SI1):212-225, 2015.

R.Q. Pan, Y.S. Tan, D.S. Du, and S.M. Fei. Adaptive event-triggered synchronization control for complex
networks with quantization and cyber-attacks. Neurocomputing, 382:249-258, 2020.

G. Tian, E, K.Y. Wang, X. Zhao, S.B. Shen, and J.L.. Liu. An improved memory-event-triggered control for
networked control systems. J. Frankl. Inst. Eng. Appl. Math., 356(13):7210-7223, 2019.

K.Y. Wang, E.G. Tian, S.B. Shen, L.N. Wei, and J.L. Zhang. Input-output finite-time stability for networked
control systems with memory event-triggered scheme. J. Frankl. Inst. Eng. Appl. Math., 356(15):8507-8520,
OCT 2019.

C.X. Shi, G.H. Yang, and X.J. Li. Event-triggered output feedback synchronization control of complex
dynamical networks. Neurocomputing, 275:29-39, 2018.

Y.R. Liu, Z.D. Wang, J.L. Liang, and X.H. Liu. Synchronization and state estimation for discrete-time
complex networks with distributed delays. IEEE Trans. Syst., Man, Cybern. B, Cybern., 38(5):1314-1325,
2008.

X.M. Zhang and Q.L. Han. State Estimation for Static Neural Networks With Time-Varying Delays Based
on an Improved Reciprocally Convex Inequality. IEEE Trans. Neural Netw. Learn. Syst., 29(4):1376-1381,
APR 2018.

L. Zou, Z. Wang, H. Gao, and X. Liu. Event-Triggered State Estimation for Complex Networks With
Mixed Time Delays via Sampled Data Information: The Continuous-Time Case. IEEE Trans. Cybern,
45(12):2804-2815, Oct 2015.

Y.R. Liu, Z.D. Wang, Y. Yuan, and W.B. Liu. Event-Triggered Partial-Nodes-Based State Estimation for
Delayed Complex Networks With Bounded Distributed Delays. IEEE Trans. Syst., Man, Cybern,. Syst.,
49(6):1088-1098, JUN 2019.

P. Park, JJW. Ko, and C. Jeong. Reciprocally convex approach to stability of systems with time-varying
delays. Automatica, 47(1):235-238, JAN 2011.

P. Park, W.I. Lee, and S.Y. Lee. Auxiliary Function-based Integral/Summation Inequalities: Application to
Continuous/Discrete Time-Delay Systems. Int. J. Control. Autom., 14(1):3-11, FEB 2016.

YR. Liu, Z.D. Wang, and X.H. Liu. On synchronization of coupled neural networks with discrete and
unbounded distributed delays. Int. J. Comput. Math., 85(8):1299-1313, 2008.

Y.R. Liu, Z.D. Wang, J.L. Liang, and X.H. Liu. Synchronization of Coupled Neutral-Type Neural Networks
With Jumping-Mode-Dependent Discrete and Unbounded Distributed Delays. IEEE Trans. Cybern., 43(1):102—
114, FEB 2013.

R.M. Zhang, D.Q. Zeng, J.H. Park, Y.J. Liu, and S.M. Zhong. Pinning Event-Triggered Sampling Control for
Synchronization of T-S Fuzzy Complex Networks With Partial and Discrete-Time Couplings. IEEE Trans.
Fuzzy Syst., 27(12):2368-2380, 2019.

Y.F. Qian, X.Q. Wu, J.H. Lu, and J.A. Lu. Second-order consensus of multi-agent systems with nonlinear
dynamics via impulsive control. Neurocomputing, 125(SI):142-147, 2014. 9th International Symposium of
Neural Networks (ISNN), Shenyang, PEOPLES R CHINA, JUL 11-14, 2012.

Copyright © 2021 Isaac Scientific Publishing JAAM



