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ABSTRACT An event-based consensus filtering control scheme for multi-agents with multiple mixing
delays is proposed in the paper. Firstly, a piece-wise sampling model with transmission delay defined from
sensors to controllers is built, and the effect of time-varying delay on sampling is analyzed. Secondly,
a self-triggered scheme is proposed to take into consideration of reducing redundant data and complexity.
Thirdly, to fully utilize the available information, by employing an improved generalized free-weighting
matrix inequality, a novel Lyapunov-Krasovskii functional approach is proposed to achieve global asymp-
totically synchronization. At last, an example of multiple unmanned aerial vehicles is offered to show the

effectiveness of proposed method.

INDEX TERMS Multi-agents, event-triggered, synchronization, time delay, sampled-data control.

I. INTRODUCTION

Multi-agent systems have received considerable attention
since the 1990s. Based on the study of networked control
system theory and computer science, while with analysis of
characteristics such as clustering and connecting weights,
a huge scale network could be simplified to some smaller sub-
ones. Researchers could only focus on the finite sub-networks
instead of the whole system, and use networks to commu-
nicate with each other. Therefore, the study faced its boom
era, numerous applications emerged in a variety of scenarios,
unmanned aerial and ground vehicles, networking satellites,
medical robots and some other networked electronic products
to name a few [1]-[4].

But ubiquitous transmission delays caused by sensors,
controllers, actuators and network transmission, also with
inherent system delay make the developing of researches and
applications slow down. Especially for most existing systems,
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due to the widely digital signal processing, the acquisition
and transmission of information all need to be sampled. That
means the sampled-data is only available information that can
be used for analysis, processing and control. The accumu-
lated time-delay will significantly increase the risk of sys-
tem instability, also make the control scheme and processing
challenging. Therefore, it is of great significance to model the
multi-agent systems with mixing time delay and formulate a
feasible control scheme.

To handle the problem, proposing a reasonable sampler
is one of the important issues. In digital signal processing,
the most classical method is Shannon sampling, which has a
fixed periodic minimum sampling interval. This method had
provided tremendous help for the development of the digital
information era, and been widely used in the analysis and
application of multi-agents. Bamieh and [6] proposed a lifting
system with a finite-dimensional state-space to describe the
continuous-time behavior of sampled-data systems, which
could be applied for analysis of linear periodic sampling
systems. Sufficient conditions were offered to guarantee the

114143


https://orcid.org/0000-0001-7935-4634
https://orcid.org/0000-0001-7802-0675
https://orcid.org/0000-0002-7003-1000
https://orcid.org/0000-0001-5429-4428
https://orcid.org/0000-0003-1037-1529

IEEE Access

M. Xu et al.: Event-Based Interaction Sampled-Control for Consensus of Multi-Agents With Multiple Time-Varying Delays

stability of linear plant with a sector bounded nonlinear
and possibly time-varying. Some other synchronization and
system stability works could be seen in [7]-[11]. However,
the interval of sampling data is always assumed to be fixed.
With the enlargement of multi-agent networks, the variability
of signals requires the entire system to have a sufficiently high
sampling frequency. Therefore, the fixed periodic sampling
method requires a lot of computing resources to adapt. In fact,
in most application systems, the operation of the system is
usually required to be stable. In a sampling period, the signal
is stable in most of the time, merely a few special moments
will change drastically, and requires extremely high sampling
frequency. Therefore, it is not indispensable to maintain an
absolutely high sampling frequency in order to completely
obtain the information in the system. The minimum sampling
interval is only required when the signal changes very fast.
In this way, using periodic sampling methods, actuators and
sensors need to be kept at a relatively high frequency, which
wastes computer power. For this reason, based on the rate
of change of the signal, the time-varying sampling method
is thought to be an alternative solution and attracted plenty
of attention. For a continuous-time system with a piece-wise
continuous input delay, Emilia Fridman proposed a sufficient
robust sampled-data control approach in the literature [15].
For systems with sampling intervals of a certain upper bound-
ary h > 0, the system stabilization could be guaranteed,
even with polytopic type uncertainties. With this technology,
samplers are not needed to follow the minimum periodic
sampling interval approach now, and the sampling intervals
could be time-varying. Consequently, this application can
effectively reduce the number of samples and save computing
resources. But how to choose the optimal sampling points is
still challenging. Besides, the maximum # is also too small to
meet the application. Wang et al. [16] modeled a continuous
dynamic network with discrete-time communications and
proposed a synchronization criterion through the aperiodic
sampled method. To better make the utmost of hybrid infor-
mation, in [17], an exponential synchronization criterion in
discrete-time communications for CDNs is proposed, with a
larger sampling interval, and the number of decision variables
is decreased, thereby reducing the computational burden.
Recent works on increasing the average sampling intervals
could be also seen in [18]-[23] and so on.

Among the above works, one of the significant draw-
backs is that, although the stability and robustness for the
time-varying sampled-data control can be improved, sam-
pling decision rules that take into account the integrity of the
information and less computational burden are formidable to
obtain. In recent years, the event-triggered sampling method
received considerable attention. By setting specific rules,
this sampler can monitor signal changes in real-time, and
only sample the required signals, avoiding a lot of redundant
information. Compared with other sampled-data approaches,
the technique demonstrates better robustness, meanwhile
synchronization is not required within transmission instants.
This practical method has been applied in many fields and
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achieved a series of results [24]-[30]. But one important
restriction for real-time monitor is that, continuous com-
putation of time-varying thresholds and states errors are
required. One solution is so-called “periodic event-triggered
control” [32]-[36]. It puts the state and error measurement
at the instant of cycle time, replacing the continuous calcu-
lation we mentioned before. It is designed that the particu-
lar system trajectories are independent of the lower-bounds
on the inter-event intervals. Therefore Zeno behavior could
be avoided automatically. Another solution is self-triggered
control, which also received extraordinary attention. This
strategy only needs the currently available information of
a single agent to estimate future behavior. As a result,
self-triggering control is more suitable for real-time execu-
tion of distributed controllers with additional energy savings.
However, due to the design scheme, one important drawback
is that the sampling interval with self-triggered control is
smaller than that one based on event-based sampled con-
trol strategy, as shown in [38]-[41]. Yue Dong modeled an
event-triggered H, sampler for reducing the communication
load of multi-systems, with a time-delay from sensors to
controllers [42]. The properties of event-based and the effect
of H is utilized on the system. Compared with some existing
event-triggered control, the sampler achieved a larger average
period, avoiding the Zeno phenomenon. The event generator
is also implemented in [43]-[46]. By applying linear matrix
inequalities(LMIs) and dissipation inequalities, as shown
in [47]-[49], the self-triggered control scheme could be fur-
ther improved, and more constraints are needed to meet the
requirement of applications.

In the note, we focus on the event-triggered synchroniza-
tion control for multi-agent systems. A direct model for
multi-agents with discrete-time communications is proposed
in the model, network transmission delay and system delay
are both considered. a self-triggered event generator is pro-
posed for system analysis and control design. Based on the
model, A Lyapunov functional structure is built to better
take full advantage of available information. Moreover, to the
authors’ knowledge, the mixed time-delay for self-triggered
control scheme has not been investigated. We proposed a
simulation to verify efficiency. Compared with some existing
results, the average sampling interval would be increased in
the example.

A. NOTATION

Some common symbols are explained in this part. The sym-
bol ® represents Kronecker product. diag{ay, az, ..., an}
means diagonal matrix with aj, az, ..., a, as central ele-
ments or matrices. A + AT is represented as Sym{A}.

Il. THE STRATEGIES FOR EVENT-TRIGGERED
GENERATORS AND PRELIMINARY KNOWLEDGE

Consider a directed full connected graph G(N, £, A), where
N = {ny,n,...,ny)} represents N notes in the directed
graph, A = [a;j]y xn is the adjacency matrix, and £ is a set of
directed edges and € C N x N ¢;; represents a directed edge
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in GW, &, A) of the ordered pair of nodes n; and n;. If node
n; communicate the information with node n;, then a;; > 0,
otherwise, a; = 0. For diagonal element a;; is defined as
ajj = — vazl#i ajj. A directed graph is strongly connected
if and only if there is a directed path between any two district
nodes. Forany i # j;i,j = 1,2, ..., N, the Laplacian matrix
L = [t;jlnxn of (G) is defined as

Lj = —ajj, Lii = —aij ey

The equation ZJN: 1 tij = 0holds in all directed full connected
graph.

Consider a nonlinear system of single isolated node n;
described by

Xjj(t) = Axjj(t) + Agxij(t — d) + f (xyj(1)) + Buy(r)  (2)

where i = 1,...,M is the sequence number of net-
works, j = 1,...,N is the number of node. x;(f) =
[xij1(2), xi2(2), - .. ,x,;/,,(t)]T e R isthe system state vector

of node j in the ith networks. At the time ¢ < 0, x;(t —d) holds
at the initial condition. n is the dimension of node. In the
paper, to make the representation simple, the vector dimen-
sion of each node is set to be the same. u;;(t) € RP*! is the
control input vector to be designed. A and B are matrix with
appropriate dimension. The state of the ith network is x; =
xi1(0), x2(0), . .., xim()]T € R™>1 accordingly, and u;() €
R Fai(0) = [F @it (0). £ (@) ... f ()] s
nonlinear dynamic vector-valued continuous activation func-
tion, and following assumption is satisfied:

Assumption 1: Each element of vector ||f (x;)|| is Lipschitz
continuous.

The sampled data controller is shown as following:

N
wi(t) = 8K Y ay(xj(te) — xi(t)) te <t < teyr (3)
J=Lj#i

where K > 0 is the controller gain, coupling strength § > 0
is a positive parameter. Throughout this paper, it is assumed
that the transfer delay exists between sensors and controllers.
The aim is to build a suitable K to achieve global syn-
chronization of multi-agents in the directed networks. In the
paper, we build a self-triggered samplers with the following
condition:

el (kh)Qec(ch) > ExT((k + HQ((k + k) (4)

where 0 < & < 1 and Q is a symmetric positive definite
matrix. k is a positive integer to be chosen. The informa-
tion from sensors to controllers should all be picked by the
event-triggered sampler. Between the latest transmitted and
the current sampling instant, the errors is represented as
ec(ich) = [x((k + pHh) — x(kh)].

Remark 1: Notice that equation (4) is to set a threshold.
The current sampled-data will not be released to the con-
trollers once if it exceeds the threshold of the event-based
condition. It is easy to see that autonomy could be designed to
take charge rather than passive reception of data. While with
the event-samplers, it would reduce both computational and

VOLUME 8, 2020

network transmission burden. As the decreasing of &, increas-
ing available information will be sampled by the sensors.
When & = 0, the sampler would be the form of normalized
periodic sampler with the interval of « /.

In order to avoid various system errors caused by unsyn-
chronized moments of initial conditions, as well as errors
caused by the delay from sensors to the network, and from
the network to the actuators, we have adopted the following
project.

While setting 75 = 0 as the initial condition, and
to h,t1 h,... are the release instants, we have following
equation

rih = ti+]/’l — tih
= min {inllel (HQe(t) > ExT ((c + Hh)Qx((k + jh)}
j>=

&)

rih represents the intervals between the current and the next
sampling instant. Therefore we have an inconsistent release
period. We express the delay generated during the entire
transmission process as 7, at the release time f,. Under the
assumption 0 < 7, < 7, < T, Where 1, is the lower delay
boundary and tj; is the upper delay boundary. Then at the
instants to b+ 74, t1 h+ 14, - - -, the actuators would receive
the information of the states x(zg i), x(¢t1 h), - - -.

Remark 2: In condition (4), notice the discrete-time mini-
mum sampling interval is given, such that Zeno phenomenon
could be avoided. But considering about communication
delay coming from sensors and controllers, some small and
redundant concomitant sampling intervals may still exist.
Therefore suitable projection like min-interval threshold
could be applied to eliminate the sampling intervals caused
by sensors delay.

Then combined with system (2), and controller (3), the net-
work model can be described as

Xi(1) = Axi(t) + Agxi(t — d) + f (xi(1)) + Bui(tch),  (6)

where teh+ 1, <t <t 1h+ 14, . With the controller (3),
the system (6) could be rewritten as

Xi(1) = Axi(t) + +Agxi(t — d) + f(xi(1))
N

+8BK Y ay(xi(teh) — xi(tch),  (7)
=L

Based on the results achieved before, the filtering error
system could be described. Define delay function t(¢) as

t —tch, t € [tch+ 1, tch+h+ )
t—teh—h, t€teh+h+ Ty, teh+ 20+ Ty)
() =4
t —tieh—dyh,
t € [teh+och+ T ter1h+ 1)
®
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where o, := t,4+1 — t, — 1 is the largest integer that satisfied
teh + och+ty < tep1h + 1, - Since 1, < Ty, 0« always
exists.

For the case that f,, +h + ty > tcy1h + 14, the delay
function (8) is

t(t) =1t —tcht €[tch+ 1, teih+ 1) )
Then the error system is defined as

€ (1)
x(teh) — x(tch) = 0, t € [tech+7,,, teh+h+Ty)
x(tKh) — x(tch+h), t € [tch+h+Ty, teh+2h+TH0)
=1 (10)
X(txh) — x(tch+och),
t € [teh+(ox — Dh+1ty, tch+och+Tm)

Depending on delay function (8) and error function (10),
the system (6) could be rewritten as

xi(t) = Axi(t) + Agxi(t — d) + f (xi(1))
N
+8BK Y aj (xj(t + ih) + € (t) — (xi(t + ih)
j=Lj#
+eik (1)),
= Axi(1) + Agxi(t — d) + f (xi(1))
N

+8BK Z aij (x;(t — T(®) — xi(t — T(1)))
j=1j#i
N
+3BK Z ajj (€t (1) — €ix (1)) (11)

J=1j#

where t € [tch + Ty, teg1 + Ty, ). For t € [y, 0], x(2) is
assumed to be continuous and bounded. For every isolated
nonlinear system, the aim is to design a distributed controller
ui(t), such that with the information from other neighborhood
systems, the consensus of multiple event-based networks
could be achieved.

The control inputs are generated by the interconnection
from event-generator of other networks. Denote

EG) f@1@)
x2(1) fxa(1)
x(t) = . , F(x(t)) = :
| v (1) fGn (@)
€11 (t)
e (1)
€(te) == .
| eni(0)

Then the multiple systems could be described as

i(t) = (Iy ® Ax(t) + Iy ® Ag)x(t — d) + F(x(1))
—8(L ® BK)x(t — 1(1)) — 8(L ® BK)e, (1)  (12)

where 1 € [tKh + 7, tet1h + I,HI).
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The structure of multiple networks is shown in Fig.1. It can
be seen from the structure diagram that the information sent
to the controllers is combined by two parts, the local network
and the transmission from other systems of the event-based
sampler.

Networks

Plant 2

Plant N

FIGURE 1. Schematic diagram of multi-agent signal transmission.

Following definitions and lemmas must be presented
before the presentation of our main result.

Definition I ~ [5]1]: For any initial conditions,
multi-agent systems with the form of (2) satisfy:

lim [lx;(t) — xj(1)|| = 0,
11— 00

if the

Vij=1,....m  (13)

Then systems (2) are said to be consensus.

Lemma 1 [52]: For symmetric positive definite matrix
R € R™", any matrices X1, X3, any vector w : [a, b] — R"
such that integration concerned are well defined, then the
following inequality holds

— /b & (s)Ra(s)ds < Sym{B X1 x1 + By X2x2)

3XiR7IXT + XoR™XT
+(b—a)ﬁ0T< 1 — )ﬁo (14)
where
b
X1 :/ w(s)ds
X2 = —x1+ —/ / w(s)ds
= / a)(s)ds—— / (w(s) — w(a)) duds

b

= / d)(s)ds—— / w(s)ds + 2w(a)
a b—al,

=2 -2 1]g

1 T
¢ = [w(a) - [Po) [P d)(s)ds} (15)

And By is any vector free to choose. Such that we have

Bo ! Bo
a . w(a) w(a)
_/b @' (s)Raw(s)ds < f o (s)ds M fba)(s)ds (16)
f w(s)ds [, @(s)ds

where (17), as shown at the bottom of the next page.
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This Lemma replaces the w(s) with w(s) from [52]. And
some general form could be seen in [53] and [54].
Lemma 2 [17]: The following equation holds:

MG = MGPM (18)
where
1 —1 0 0
1 0 -1 0 0
M= . c RV—DxN
1 0 0 -1 0
R 0 0 -1
0 0 0 07
-1 0 0 0
P 0 -1 0 : < RV <D
0 0 0
: =1 0
| O 0 0 —1 |

and G € RV*V is a matrix that satisfy the same sum for each
Tow.

lll. MAIN RESULTS

Consider the multi-agent systems in (6) with the sampled
controller in equation (3), then under the self-triggered con-
dition (4), we have following theorem holds.

Theorem 1: Consider the multi-agent systems with
directed strongly connected graph. tjy > 0 is the upper delay
bound, R =R’ >0 ¢, 0 > 0, P > 0 are positive matrices,
and matrices X, Xp are with appropriate dimensions, then
under the Lemma 1, if following inequality holds

®11 Op O3

e = * Gy G| <0 (19)
* * B33
where
o —mv (3% R'X] + X2 R7'XT)
D11 =

3
+iuld" R+ P)U+ 1 PAU+UPII + O
+X1 + X)h + 1T xT +x1)
Op =X-X
-2
O3 = —Xo +11T(X1 +X2)
™
®» = —-Q0+R+P;

Op =X —-X
O = —(t — )P}
—Ty (3X1 Py'xT + X, PZ‘IX{) 2
@33 = - _(XZ +X2T)
3 ™
Uy A" 1"
(In—1 @ANT
U = 1
—8M(L ® BK)T
—8M(L ® BK)T

Then the multi-agent systems (12) are consensus.
Proof: Define the error system

x1(2) — x2(1)
x1(2) — x3(1)
y(t) = . (20)
x1(2) — xn (1)
Meanwhile,
x1(t —d) —x(t —d)
x1(t —d) — x3(t — d)
Yt —d)= : 2D
x1(t —d) —xy@ —d)

Then ﬂwith Lemma 2 we have y(t) =
M=MQ®I,.
Such that error system is defined

¥@) = (Un-1 @ A)y() + (In—1 ® Ag)y(t — d) + F(¥(1))
—SM(L ® BK)y(t — (1)) — SM(L ® BK)e (1)  (22)

Mx(t), where

where F(y(t)) = MF1(y(t)). Following Lyapunov functional
is constructed
V(1) = Vi) + Va(t) + Va(t) + Va(r),

t€tch+ o, temih+1,.,,) (23

<(b —a)3X; R'XT + X, R'xT)
3

M, = 2X]
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where
Vi) = YT (t)P1y(1) 24)
t
Va(t) = f ¥ (9)Qy(s)ds (25)
=1y
0 t
Vs(t) = f f 3T ($)Ry(s)dsdv (26)
-ty JI+v
t t
Vat) = / / $7 (5)Pa3(s)dsdv @7)
t—Tym JS
-2
) 2Xo P aX2 X1+ Xz
0 0 0 (17)
0 0 0
0 0 0
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Calculating the derivative of V(¢), following equations
hold

Vi) = 2y (0OP13(1) (28)
Va(t) = Yy (1)0y(t) — x" (¢ — Oyt — ) (29)

V(1) = wd’ (ORH(t) — / T (SRy(s)ds  (30)

=Ty
1
V(1) =ty (P23 (1) — / Y (©P23(s)ds  (31)
=1y
Rewritten equation (12) as following

y(@) = (Un—1 @ AN() + (In—1 ® Ag)y(t — d) + F(y(1))
—8(L ® BK)x(t — 1(1)) — 8(L ® BK)e (1)

= U (32)
where
(Iy—1 ® AT !
(In-1 @AD"
U: = 1
—8M(L ® BK)T
—8M(L @ BK)T

pi: =@ Y@ —d) FToa) y'a—@) L]

Such that we have

y(t) = I],l,Ll (33)
where
I = [[(N—l)xn 0O 0 O 0] e R5(N—1)Xn
L= [O I(N—I)Xn 0 0 O] c RS(N—I)Xn
L=[0 0 Iny-pxn 0 0]eRW-xn
Ih=[0 0 0 Iy O0]€ RINV=Dxn
IS = [0 0 O 0 I(N*])Xn] = RS(N*])xn (34)

Then we have

Vi) + iy (ORY(@) + iy (1)P23(1)
= ] X R+ P)X1
T @P13(@) + 1T ()P y(1)
=ul (rML{T(R hE2kd e h Bl uTP’{Il) w1 (35)

From Lemma 1 we could have

1

where (37) and (38), as shown at the bottom of the next page.
We have ff, ow y(8)ds = y(t) — y(t — tyr) here, then (36)
could be rewritten as

I (RY(s)ds < pr @1z (36)

t
- / VT ()Ry(s)ds < ul rpa (39)
I—Ty

where (40) and (41), as shown at the bottom of the next page.
At the same time

t
- / VT (9P23(s)ds < puk D33 (42)
t—ty

where u3 and @3 are similar to (£, and @, are (43) and (44),
as shown at the bottom of the next page.
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By (35), (29), (30), (31) and (36), following equation
would be held

V(1)
= Vi(t) + i  (ORY(t) + T xT ())P23(1) + Valt)
t t
- / 3T (SIRY(s)ds — / 3T (9)P23(s)ds
=Ty t—1tym

IA

ul (folT R+ P)X1 + 11 PX; + X7 PT11> "
T (O0y() — xT(t — T QY(t — Th)
t t
- / 3T (5)R3(s)ds — f §7 ()P23(s)ds
t—tym =ty

< uf (owtdT R+ PoU+ 1 PU+UTPTT + 01 ) 1y
— 13 T Oy + pd @opn 4 pf P33 (45)

where Q1 = 1T Q1.
Recall that in Lemma 1, B; and B, is free to choose.
Therefore for MZT @Dy 0, we choose

B1 =11 (46)
Therefore

11
w=| yt—1tm) 47
Sz, ¥(s)ds

Then we have

ul s < pn (T + A (48)
where
M —oy 3% R7XT + X, R'XT )
= TM
m * R 0
L * * 0
(X0 + Xl + 17X +xT) 0 0
Al = 0 0 0
i 0 0 0

Note that item y(¢) in u, could be rewritten into /141 here.
For uf ®3u3, let

t
P2 = / y(s)ds
1—Ty

from (47), we have

nl @3ps < u' (I + Ay)u (49)
where
[0 0 IT (X1 + X2)
x Py X — X4
I =
2 —tu (3% Py'XT + X2 P;'xT)
k k
L 3
0 0 0
0 0 0
Ay = 5 (50)
0 0 ——X+Xx])
L ™
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The same to the situation in uj, item y(z) in w3 could be
rewritten into /. And By is also the same as an item

From inequality (19) we could conclude that

: . V() <0 (53)
ft_rM y(s)ds in 3. o _
and define Then the multi-agent system (12) is said to achieve consensus.
|
Ay r . Compared with the scheme of [42], the expression of the
U R+P))U+ L PAUFUPIL+O1 00 control method we proposed in this paper is more concise,
= * -00 and the parameters that are reused also make the number of
* * 0 decision variables significantly further reduced. The proof
(51)  is also more flexible than some existed works. Numerical
Then combined all inequalities above, we have examples and s1rpulat10n vyould show the effe.tenéss. '
) - Remark 3: With the improved free-weighting matrix
V(i) = (M +TH + 1+ A1+ Ao p inequalities, there are more expressions of Theorem 1,
<ulou (52) such that the self-triggered sampling-data control is more
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3 ™
2x7 0 0 0
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diversely. In parameter adjustment, it would also have more
advantages. At the same time, free matrices L, M and others
could be further developed.

IV. NUMERICAL EXAMPLE
In this section, we present the simulation results obtained
from the examples of unmanned aerial vehicles(UAVs)
in [19], and effectiveness could be shown both in simulations
and applications.

The topology of the networks is shown in Fig.2. It’s the
simplest full connected graph.

FIGURE 2. Full connected topology of networks.

For convenience, considering the state of the single net-
work to be a two-dimensional vector, with the same natural
property of the networks, the parameters of systems are given
as follows:

[—10 10 0 1 0 0

A= 1 ~1  1|,B=|0 1 0|54
| 0 1487 0 0 0 1
10 10 0

Ag=| 1 -1 1 (55)
0 -10 0

The nonlinear part is given as frequency domain, f(x;(t)) =
[0.5 sin(x;1 (1)) 0.5 sin(xiz(t))]T. And the initial states are

0.05]", o =[3 02 o015]",
—1.05]", x(0) = [-05 —0.5 2]"

x(0) =1[07 05
x30 =[0 01

The parameters in event-based sampling condition (4) are
considered as follows:

05 02 0.1
Q=102 05 03 (56)
0.1 03 05

we set h = 0.12, & = 0.005, tyy = 0.1, and § = 1.53, with
the initial conditions above, we have feedback gain matrix as

0.5974 =2.772  1.221
K =|-03116 0.5802 0 (57)
1.221 0 0.5
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Trajectory of States in Multi-Agent Systems

state x| 4

/ \/)‘_\\ = statexz,‘ 4
y / =
I I

\ \\ state x, | |
0 0.2 04 0.6 0.8 1 12 14 16
Time(second)

state x| |

T
state x, | |

state X5 |

state x,,

3 i i i i state X4 |
0 0.2 04 0.6 0.8 1 1 14 16
Time(second)

T
\ /’//” state X4
? = state Xog

b » e state Xgq

; ; ‘ ‘ statex,, | |
0 0.2 04 0.6 0.8 1 4.2 14 16
Time(second)

FIGURE 3. Trajectories of states in multi-agent.

The results are shown in in Fig 3, all trajectories of states
achieve consensus.

To better express the effectiveness, we also provide the
consensus errors in Fig.4, where it is defined as r(r) =
ZJN= 5 llx1(#) — x(#)||. The results showed that after the influ-
ence of initial value, the accumulated error of the system
gradually converges to 0.

Consesus errors
. : :

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Time(second)

FIGURE 4. Cumulative synchronization error r(t) of multi-agent systems.

V. CONCLUSION

In the paper, based on self-triggered sampled-control, a novel
consensus criterion of multi-agent systems with multiple
mixing delay is proposed. With the minimum sampling inter-
val, the Zeno phenomenon is eliminated. In the system, delay
from sensors to the network, and network to the actuators
are considered, including system time-delay. A more concise
global synchronization criterion for is achieved with consid-
erable sampling interval. A numerical simulation example has
shown that the event-triggered sampled-control can have an
excellent synchronization performance.
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