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Abstract. This paper addresses the containment control problem of heterogeneous Mul-
ti-Agent Systems (MAS) under switched topology and proposes an event-triggered decou-
pling coefficient control strategy. Inspired by the leader-follower output regulation prob-
lem, the leaders are treated as external systems. Firstly, a distributed dynamic feedback
control scheme is designed for the followers’ controllers, integrating the event-triggered
control mechanism. Secondly, effective coordination control rules for the variable cou-
pling coefficients among multi-agents are devised under the switched topology condition.
By comparing with the fixed coupling coefficient MAS, the designed controller not only
avoids collisions among agents but also improves the convergence speed of the system. The
followers can converge faster to the convex hull formed by multiple leaders. Furthermore,
the event-triggered control mechanism effectively reduces the amount of information ex-
changed among agents, thus reducing communication load and network energy consump-
tion. Finally, the theoretical results are validated through simulation examples.
Keywords: Heterogeneous multi-agent systems, Event-triggered, Variable coupling,
Switching topology, Containment control

1. Introduction. In recent years, Multi-Agent Systems (MAS) have demonstrated re-
markable capabilities in addressing large and intricate problems, showcasing excellence
in distribution, coordination, and autonomy [1-3]. Compared with some complex micro-
systems, MAS has the advantages of a simple structure and can solve complex problems
by coordinating a single agent, for example, formation and attitude control of aircraft
[4,5], synchronization control and tracking [6,7], and cooperative consistency control of
UAVs [8,9]. The nature of these studies is to provide a class of autonomous agents to
complete specific assignments through distributed control strategies. The containment
control problem of MAS was first proposed by Dimarogonas et al. [30]. The essence is the
consistency problem of MAS containing multiple leaders.

The research and applications of containment control are more and more extensive
[10-14]. Ye et al. compared the sampling data of agent location with and without time
delay [10]. Li et al. further investigated the containment control of nonlinear MAS with
time delay [13]. [12] considered the distributed inclusive control problem with nonconvex
control input constraints and proposed a distributed algorithm that utilizes only local
information. The above researches are carried out under the premise of continuous com-
munication, which will occupy a lot of communication resources. To solve this problem,
scholars have combined the event-triggered control theory with multi-agent control [15-
17]. The triggering mechanism of the Laplacian matrix independent of the communication
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graph is proposed in [16]. Xu et al. solved the problem of a multi-Euler-Lagrange system
to realize event-triggered containment control in a completely distributed, buffet-free way
under both static and dynamic conditions when the directed communication network does
not use global information and discontinuous terms [17].
However, in many practical tasks, collision avoidance between agents must be con-

sidered, and faster convergence to a stable state within a finite time is required, such
as satellite clustering, multi-rotor aircraft formation flying, and distributed scheduling
[18,19]. [20] studied the collision avoidance adaptive control problem for unmanned sur-
face vehicles. They proposed a finite-time disturbance observer to estimate and com-
pensate for external disturbances, ensuring that all followers can enter the convex hull
spanned by the leader while avoiding collisions. In [21], a combination of artificial poten-
tial field method and neural network technology was used to design a collision avoidance
robust formation tracking control strategy for a class of nonlinear MAS. [22] investigated
the formation control problem for a group of fixed-wing unmanned aerial vehicles under
unknown disturbances. To ensure the safety of each UAV, a smooth collision avoidance
potential function was designed. In addition, it is also a matter of discussion among schol-
ars as to how to increase the speed of reaching the target state [23-25]. For example, [23]
investigated the problem of steering a multi-agent system towards heterogeneous target
nodes in both finite-time and fixed-time durations. In [24], a novel robust continuous-
time optimization algorithm was proposed, ensuring the timely convergence of distributed
problems.
In practical applications, the communication topology of multi-agent systems may un-

dergo changes due to random factors such as sensor errors and environmental interference,
rendering continuous and uninterrupted information transmission between agents infea-
sible. To address this challenge, we propose the integration of an event-triggered trans-
mission mechanism within a switching topology framework. This, in conjunction with
a coordinated control algorithm featuring a variable coupling coefficient, offers a viable
solution for tackling the inclusion control problem in dynamic network topologies. Dis-
tinguishing itself from prior literature, which primarily focuses on collision avoidance and
convergence enhancement, this paper presents an innovative variable coupling coefficient
approach. This approach not only ensures collision avoidance among agents within a
multi-agent system but also significantly accelerates system convergence, with a reduc-
tion of nearly 30% in convergence time. Furthermore, the utilization of event-triggered
transmission control eliminates the need for continuous communication among multiple
agents, leading to substantial savings in communication resource utilization. The principal
contributions of this paper can be summarized as follows.
1) For an MAS with a variable coupling coefficient in switching topology, an effective

coordination control rule is designed. By comparing the results with fixed coupling co-
efficients in an MAS, the proposed controller not only prevents collisions between agents
but also enhances the convergence speed of the system. The followers can converge more
rapidly within the convex hull formed by multiple leaders.
2) In designing the controllers for the followers, an event-triggered control mechanism is

introduced to formulate a protocol for distributed state observers in a switching topology.
This enables the agents that cannot directly obtain information from the leaders to esti-
mate the leaders’ states. The switching topology imposes less communication constraint
on the system.
3) An event-triggered control mechanism is designed to reduce the communication with-

in MAS and the number of controller updates. This significantly decreases energy con-
sumption and demonstrates that the proposed control strategy effectively eliminates Zeno
behavior.
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Notations: N denotes the set of positive integers. Rn represents the vector space
on the n-dimensional entity R, and Rn×n represents the dimensional real matrix space.
P ⊗Q is the Kronecker product of matrices P and Q. diag {Θ1,Θ2, . . . ,Θn} represents
the diagonal matrix with elements Θi, i = 1, 2, . . . , n. 1n is an n-dimensional column
vector with all ones. In is an n-dimensional square matrix whose elements on the main
diagonal are all 1 and the rest are all 0. 0 represents all zero matrices, A > 0 denotes A
symmetric positive definite matrix, and ΛT is the transpose of matrix Λ.

The remaining components of this article are as follows: Section 2 introduces the mathe-
matic preliminaries; Section 3 describes the system control scheme design; the main results
are given in Section 4; in Section 5, experimental simulations are carried out to prove the
correctness of the theory; the last section draws conclusions.

2. Mathematic Preliminaries.

2.1. Basic theory of communication topographies. The topology of information
interaction between agents is denoted by G = {V , ε,A}, where V = {1, 2, . . . , N} repre-
sents the set of vertices of N agents, and every agent acts as a vertex of the weighted graph
G = {V , ε,A}. ε ∈ {V ∗V } denotes the set of agents where communication exists between
them. A = (aij) ∈ Rn×n denote the neighbor matrix of graph G, and i, j denote different
agents. The neighbors of the ith agent can be denoted by Ni = {j ∈ V : (i, j) ∈ ε, i ̸= j}.
Suppose there is no loop of its own nodes in the graph, i.e., (i, i) /∈ ε, if (i, j) ∈ ε, then
aij > 0, which means that point j is an adjacent node of point i, otherwise aij = 0. If
(i, j) ∈ ε and (j, i) ∈ ε, then the graph G is known as an undirected graph, otherwise it
is a directed graph.

The information interaction topology graph G is composed of followers and leaders,
which is a disconnected graph under the condition of switching topology. din(vn) =∑n

i=1 aij is the in-degree of node i, and define the in-degree matrix of graph G as Din =
diag{din(v1), . . . , din(vn)}, and the Laplacian matrix as

lij =


−aij, i ̸= j
n∑

i=1

aij, i = j
. (1)

2.2. Relevant definitions and lemmas.

Definition 2.1. [26] ℘ is a collection of real vector spaces W ⊆ Rn. If there is a point
(1− z)x+ zy ∈ ℘ for random z (0 ≤ z < 1) and random x, y in the set ℘, then ℘ is said
to be convex. The convex hull of point set X = {x1, x2, . . . , xn} in W is the minimize
convex set containing all points in X, and expressed by Co(X), then

Co(X) =

{
n∑

i=1

αixi

∣∣∣∣∣xi ∈ X,αi ∈ R, αi ≥ 0,
n∑

i=1

αi = 1

}
. (2)

Definition 2.2. Consider a containment control MAS with multiple leaders composed of
p+ q agents, including p followers and q leaders, and define the subscript set of followers
as F = {1, 2, . . . , p}, the leaders as R = {p + 1, p + 2, . . . , p + q}. Since the entry of
the leader is zero and considering the dynamic switching topology of MAS, the Laplacian
matrix of G can be written as follows:

Lξt =

[
Lξt

FF Lξt
LF

0 0

]
, (3)
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where Lξt
FF ∈ Rn×n, Lξt

LF ∈ Rn×m, ξt is the switch signals of the system communication
topology.

Definition 2.3. [27] If the control law designed for each follower can ensure that they all
converge to the convex hull crossed by the dynamic leader, then it is said that the agents
with multiple leaders realize the bounding control, i.e.,

lim
t→∞

dis{xi(t), conv{xj(t)|i ∈ F, j ∈ R}} = 0. (4)

Assumption 2.1. Consider a set of nonempty, bounded and continuous time intervals
[tk, tk+1), k = 0, 1, . . . , n, where t0 = 0, tk+1−tk ≤ δ1, δ1 > 0. There exists a finite number
of time subintervals

[
trk, t

r+1
k

)
, r = 0, 1, . . . ,mk − 1, t0k = tk, t

mk
k = tk+1, mk ≥ 0, in the

time interval [tk, tk+1), k = 0, 1, . . . , n, and tr+1
k − trk ≥ δ2, δ2 > 0.

Assumption 2.2. When t ∈ [0,+∞) has ξt ∈ ℵ, ℵ = {1, 2, . . . , ϕ}, Gξt represents the
topology of the MAS at time t, and its Laplace matrix is represented by Lξt, ϕ is the total
number of switching signals.

Assumption 2.3. The communication topology Gξt of MAS switches at time tk, so its
topology keeps constant during interval [tk, tk+1). For followers in the communication topol-
ogy, at least one leader communicates with the follower.

Lemma 2.1. [28] According to Assumption 2.3, LFF ’s eigenvalues have positive real
parts, −L−1

FFLRF ’s elements are nonnegative, and the sum of every row element of matrix
−L−1

FFLRF is one.

Assumption 2.4. The matrix (Ai,Bi) is stable.

Assumption 2.5. The eigenvalues of the matrix A are nonnegative.

Assumption 2.6. The linear matrix equation

S = Ai +BiUi, i ∈ F, (5)

has solutions Ui.

3. System Control Scheme Design. The system description is as follows:{
ẋi(t) = Aixi(t) +Biui(t), t ≥ 0, i ∈ F,

v̇k(t) = Svk(t), t ≥ 0, i ∈ R,
(6)

where xi(t) ⊆ Rn and ui(t) ⊆ Rp are the state and control input of the ith follower
respectively, andAi ∈ Rn×n,Bi ∈ Rn×m are constant matrices of appropriate dimensions.
vk(t) ∈ Rn denotes the kth leading agent’s state.
Define the error vector of the follower as

ei(t) =
∑
j∈Ni

aij(xi(t)− xj(t)) +
n+m∑
k=n+1

bk,i(vk(t)− xi(t)), i ∈ F, (7)

i.e.,
e(t) = (LFF ⊗ In)x+ (LRF ⊗ In)vk, (8)

where e = (e1, . . . , en)
T , vk = (vn+1, . . . , vn+m)

T , x = (x1, . . . , xn)
T .

3.1. Design of coordinated control law with state observer. In practical applica-
tions, only part of the intelligence can get the signal of the external system, while the
other part cannot directly get the state of the external system, so it is necessary to es-
timate the state of the external system. As some followers in the MAS cannot obtain
theinformation of the leader, the leader’s state needs the observer to evaluate so that the
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following agent can track leading agents and the ith follower’s distributed state feedback
control protocol within a certain time, as shown below [29]:

ui(t) = Ki,1xi(t) +Ki,2ηi(t),

η̇i(t) = Sηi(t) + γ

[∑
j∈Ni

− aij(ηi(t)− ηj(t)) +
n+m∑
k=n+1

bk,i(vk(t)− ηi(t))

]
,

(9)

where Ki,1, Ki,2 ∈ Rp×N are controller gain matrices. γ > 0, ηi(t) ∈ RN is the state of the
observer. If there is no coupling relationship between multiple agents, aij = 0; otherwise

aij =



0, (xi − xj) < −β̂

β̂ − |xi − xj|
γ1

, β̂ − γ1 < (xi − xj) ≤ β̂

2γ2ζ − γ2
2

ζ2 − (xi − xj)2
, ζ − γ2 < (xi − xj) ≤ ζ

1, else

, (10)

where β̂ and ζ are normal numbers, γ1 ∈
(
0, β̂
)
, γ2 ∈ (0, ζ). bk,i is the weighting between

the agent and the leader. If the follower establishes communication with a leader directly,
then bk,i = aij; otherwise, it is 0.

Based on the control protocol (9), the event trigger control rules are combined.
{
ki
wi

}
,

i ∈ F is defined as the triggering moment of the ith event of the with follower, and
let η̂i(t) = ηi

(
ki
wi

)
represent the marking data of the ith event follower state triggering

moment. Protocol (9) can be rewritten as
ui(t) = Ki,1xi(t) +Ki,2η̂i(t),

˙̂ηi(t) = Sη̂i(t) + γ

[∑
j∈Ni

− aij(η̂i(t)− η̂j(t)) +
n+m∑
k=n+1

bk,i (vk(t)− η̂i(t))

]
.

(11)

The system (6), containment error (7) and control law (11) are expressed as

ẋc(t) = Acxc(t) +Bcv̄k(t),

˙̄vk(t) = S̄v̄(t),

e(t) = Dcxc(t) + Ecv̄k(t),

˙̂ηi(t) = Sη̂i(t) + γ

[∑
j∈Ni

− aij(η̂i(t)− η̂j(t)) +
n+m∑
k=n+1

bk,i(vk(t)− η̂i(t))

]
,

(12)

where xc(t) =
[
xi(t)

T ,ηi(t)
T
]T

is the state of the closed loop system, v̄k(t) = 1n ⊗

vk(t), S̄ = In ⊗ S, Ac =

[
A+BK1 BK2

0 S̄ − LFF ⊗ γ

]
, Bc =

[
0

−LRF ⊗ γ

]
, Dc =

[ LFF ⊗ In 0 ], Ec = LRF ⊗ In.

Definition 3.1. By the control law (11), the MAS (12) will satisfy both the following
requirements:

1) The matrix Ac is Hurwitz, and Ac’s eigenvalues have negative real parts;
2) For any initial situations xc(0) and vk(0),

lim
t→∞

e(t) = lim
t→∞

Dcxc(t) + Ecv̄k(t) = 0. (13)
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Based on Assumption 2.4, choosing K1
i , i ∈ F to makeAi+BiK

1
i has Hurwitz stability.

And there is
K2

i = Ui −K1
i , i ∈ F. (14)

The solution to Ui can be derived from (5), according to (14)

S̄ = A+BK1 +BK2, (15)

where A = diag{A1,A2, . . . ,An}, B = diag{B1,B2, . . . ,Bn}, K1 = diag
{
K1

1 , K
1
2 , . . . ,

K1
n

}
, K2 = diag

{
K2

1 , K
2
2 , . . . , K

2
n

}
, S̄ = In ⊗ S.

3.2. Design of event-triggered rules. Design a distributed event-triggered algorithm
for following multiple agents:

∥Ξi∥ >
αζ

µβ
∥Zi∥, (16)

where 0 ≤ σ < 1, In+m ⊗ γ = µ, ζ = min{λ1, . . . , λi, . . . , λn}, λi is the eigenvalue of the
matrix L, Z = (Z1, . . . , Zn)

T , Ξ = (Ξ1, . . . ,Ξn)
T , β = ∥(L1 ⊗ In+m)

2∥, its state is defined
as

Zi =
∑
j∈Ni

− aij(xi(t)− xj(t)) +
n+m∑
k=n+1

bk,i(vk(t)− xi(t)), i ∈ F. (17)

The state error vector is

Ξi =
∑
j∈Ni

− aij (x̂i(t)− x̂j(t)) +
n+m∑
k=n+1

bk,i (vk(t)− x̂i(t))− Zi. (18)

In the designed event-triggering algorithm, when the condition of event-triggering is met,
the follower updates their information at the trigger time

{
ki
wi

}
, i ∈ F , and there is no

information exchange between agents between the two trigger intervals.

4. Main Result.

Theorem 4.1. For the system (12), by Definition 3.1, if there is a constant matrix Xc

meeting the equation
XcS̄ = AcXcBc, 0 = DcXc + Ec. (19)

Then limt→∞ e(t) = 0. According to Assumptions 2.4-2.6 and Definition 3.1, the MAS (6)
can realize containment control when limt→∞ e(t)=0, i.e., limt→∞ x =

(
−L−1

FFLRF ⊗ In
)
v.

Proof: Let

x̂c(t) = xc(t)−Xc

n+m∑
k=n+1

v̄k(t). (20)

According to (19),

˙̂xc(t) = ẋc(t)−Xc

n+m∑
k=n+1

˙̄vk(t)

= Acxc +
n+m∑
k=n+1

Bcv̄k(t)−Xc

n+m∑
k=n+1

S̄v̄k(t)

= Acxc(t) +
n+m∑
k=n+1

Bcv̄k(t)−

(
n+m∑
k=n+1

AcXcv̄k(t) +
n+m∑
k=n+1

Bcv̄k(t)

)

= Acxc(t)−AcXc

n+m∑
k=n+1

v̄k(t)
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= Acx̂c(t). (21)

Because Ac has Hurwitz stability, limt→∞ x̂c(t) = 0, according to (19),

e(t) = Dcxc(t)−
n+m∑
k=n+1

Ecv̄k(t)

= Dcx̂c(t) +DcXc

n+m∑
k=n+1

v̄k(t) +
n+m∑
k=n+1

Ecv̄k(t)

= Dcx̂c(t) +
n+m∑
k=n+1

(DcXc + Ec)v̄k(t). (22)

Because 0 = DcXc + Ec, e(t) = Dcx̂c(t), limt→∞ e(t) = limt→∞ Dcx̂c(t) = 0.

x(t) =

[
n+m∑
q=n+1

(LFF ⊗ In)

]−1 n+m∑
k=n+1

[(LRF ⊗ In)[1n ⊗ v(t)]]

=
n+m∑
k=n+1

( n+m∑
q=n+1

LFF

)−1

⊗ In

 (LRF ⊗ In)[1n ⊗ v(t)]

 , (23)

then,

x(t) =
n+m∑
k=n+1

( n+m∑
q=n+1

LFF

)−1

LRF1n

⊗ v(t)

 . (24)

According to Lemma 2.1,

n+m∑
k=n+1

( n+m∑
q=n+1

LFF

)−1

LRF1n

 =

(
n+m∑
q=n+1

LFF

)−1( n+m∑
k=n+1

LRF1n

)
= 1n. (25)

When limt→∞ e(t) = 0, according to Definition 2.1 and Definition 2.3, the follower can
enter the convex hull formed by the leader. limt→∞ x =

(
−L−1

FFLRF ⊗ In
)
v. �

Theorem 4.2. For heterogeneous linear MAS (6) and the protocol (11), assume that all
the assumptions and conditions in Theorem 4.1 are true. According to trigger condition

(16), for any initial condition, the lower limit of event trigger interval
[
ki
wi+1

− ki
wi

)
is

τ > 0, which is given by the following:

τ =
αζ

µη(∥(In ⊗ S)∥+ ∥(LFF ⊗ µ)∥) + αζ∥(LFF ⊗ µ)∥
tik+1 − tik ≥ τ, k ∈ {1, 2, . . .}. (26)

Proof: Let l = η −
(
−L−1

FFLRF ⊗ In
)
v,

i = (In ⊗ S)η − (LFF ⊗ γ)η − (LRF ⊗ γ)v + (In ⊗ γ)Ξ +
(
L−1

FFLRF ⊗ S
)
v

= ((In ⊗ S)− (LFF ⊗ γ))l + (In ⊗ γ)Ξ, (27)

according to (16)-(18) and (27),

d∥Ξ∥
dt

=
ΞT Ξ̇

∥Ξ∥

≤
∥∥∥−Ż

∥∥∥
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= ∥(LFF ⊗ In)η̇ + (LLF ⊗ In)v̇∥
= ∥(LFF ⊗ In)i∥
= ∥(LFF ⊗ In)(((In ⊗ S)− (LFF ⊗ γ))l + (In ⊗ γ)Ξ)∥
≤ ((In ⊗ S) + (LFF ⊗ µ))∥Z∥+ (LFF ⊗ µ)∥Ξ∥

≤
(
(In ⊗ S) + (L1 ⊗ µ) +

αζ

µη
(L1 ⊗ µ)

)
∥Z∥, t ∈

[
ki
wi
, ki

wi+1

)
(28)

therefore,

τk = ki
wi+1

− ki
wi

≥
αζ
µη
∥Z∥(

(In ⊗ S) + (LFF ⊗ µ) + αζ
µη
(LFF ⊗ µ)

)
∥Z∥

,

=
αζ

µη((In ⊗ S) + (LFF ⊗ µ)) + αζ(LFF ⊗ µ)

> 0. (29)

So, the lower limit τ of event-triggered interval
{
ki
wi+1

− ki
wi

}
is larger than 0, and Zeno

behavior is excluded. �

5. Simulation Example. On the basis of theoretical analysis, a simulation example is
given to verify the results. From Figure 1, 1, 2, 3, and 4 are the following agents, and
5, 6, and 7 are the leading agents. The design of the topology diagram in this study
considers the necessity of a directed topology to possess a spanning tree connecting the
followers. Furthermore, it requires the leader to maintain a communication link with at
least one follower, independent of the communication between the leaders. Three unique
topology diagrams, depicted in Figure 1, were formulated, and simulations were executed
to authenticate the approach outlined in this research.

(a) G1 (b) G2 (c) G3

Figure 1. The communication topology of MAS

According to the simulation experiment, the corresponding dynamic equation matrix

of system (6) is given as S =

[
1 −3
1 −1

]
, A1 =

[
1 −1
1 0

]
, B1 =

[
−2
−1

]
, A2 =

[
2 0
2 2

]
,

B2 =

[
−1
−1

]
, A3 =

[
2 −1
3 3

]
, B3 =

[
1
2

]
, A4 =

[
−1 −4
3 0

]
, B4 =

[
−1
1

]
. Knowing

the above matrix, according to Equation (5), we can get U1 =
[
0 1

]
, U2 =

[
1 3

]
,

U3 =
[
−1 −2

]
, U4 =

[
−2 −1

]
. The values of Ki,1 given in our simulations are

K1,1 =
[
1 1

]
, K2,1 =

[
−0.5 9

]
, K3,1 =

[
2 −5

]
, K4,1 =

[
2 0

]
, from Equation

(14), we get K1,2 =
[
−1 0

]
, K2,2 =

[
1.5 −6

]
.

From Figure 1, the possible information interaction topologies of the MAS are {G1, G2,
G3}. The topology is switched in order of preference G1 → G2 → G3 → G1 → · · · .
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Figure 2. Process of switching topologies

(a) (b)

Figure 3. State trajectories xi1(t) of multi-agent: (a) Before improvement;
(b) after improvement

(a) (b)

Figure 4. State trajectories xi2(t) of multi-agent: (a) Before improvement;
(b) after improvement

The topology switching process is shown in Figure 2. As can be seen from the figure, the
residence time of each state is set to 1 s, so as to switch in the set order. Under the setup
conditions of the above simulation experiment, we obtained the simulation results into
the following.

In Figure 3 and Figure 4, we compare the performance of this paper proposed method
with the containment control method of MAS using a fixed coupling coefficient. The state
trajectory diagrams of xi1(t) and xi2(t) under the two control modes are depicted. A
notable improvement can be observed. Specifically, the time for xi1 to reach a steady
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state is shortened from about 7 s to 5 s, and the convergence rate is increased by 28.5%.
The steady-state time of xi2 is shortened from 5 s to 3.5 s, and the convergence rate is
increased by 30%.
Moreover, when comparing the states of Follower 1 and Follower 2 between the two

methodologies within the state trajectory xi1, it becomes evident that the enhanced Fol-
lowers 1 and 2, exhibit more consistent and less fluctuating state changes, reflecting
superior control performance. Conversely, the state changes for Followers 3 and 4 remain
less pronounced. This observation holds true for the state trajectory xi2 as well.
Figure 5 and Figure 6 show the state error diagrams of the observed value and the

actual value of the follower xi1(t), xi2(t) under two control modes, respectively. Under
the proposed method, the convergence time of the observed value and the actual value
of xi1’s state observer to zero is shortened from about 6 s to 4.5 s, and the convergence
rate is increased by about 25%. The convergence time between the observed value and
the actual value of xi2’s state observer to zero is shortened from about 5 s to 4 s, and the
convergence speed is increased by about 20%. Similar to the state trajectory, the error
variation of the improved system ei1 and ei2 fluctuates less and changes more smoothly.
Figure 7 shows the trigger moments of the following agents, which reduces the number
of communication and controller updates within MAS, reduces energy consumption, and
can also verify that Zeno behavior will not appear in the system.

(a) (b)

Figure 5. ei1(t) between the observed and actual values: (a) Before im-
provement; (b) after improvement

(a) (b)

Figure 6. ei2(t) between the observed and actual values: (a) Before im-
provement; (b) after improvement

6. Conclusions. This paper investigates the containment control problem in heteroge-
neous MAS within the context of switching topologies. A novel event-triggered variable
coupling coefficient control strategy is proposed. The design includes a distributed dynam-
ic feedback control scheme for followers, incorporating an event-triggered control mecha-
nism to estimate the states of leaders. Furthermore, an effective coordination control rule
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Figure 7. The event-triggered moments of the following agents

for variable coupling coefficients among multi-agents under switching topologies is intro-
duced. This controller not only prevents collisions between agents but also accelerates the
system’s convergence, allowing the followers to converge faster more rapidly the convex
hull formed by multiple leaders. Additionally, the control strategy significantly reduces
the number of information transmissions among agents, thereby diminishing communi-
cation load and network energy consumption. Simulation results demonstrate that the
proposed controller reduces the time for MAS to achieve containment by approximately
30%.

This paper investigates linear systems, yet the practicality of most systems lies in their
nonlinearity. Therefore, the future research direction pertains to the extension of the
proposed method to nonlinear systems. Furthermore, this paper employs a fixed event
triggering threshold. In future studies, there is potential to optimize communication effi-
ciency by dynamically setting the event triggering threshold based on the agent’s state.
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