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Abstract—This paper addresses the problem of practical time-
varying formation control for nonlinear multi-agent systems with
an event-triggered mechanism. In dynamic and complex multi-
agent systems, maintaining a desired formation while adapting
to nonlinearities and varying communication constraints presents
significant challenges. We propose a novel control strategy that
incorporates a time-varying formation criterion and utilizes
an event-triggered mechanism to optimize communication effi-
ciency.Our approach begins with the design of a practical time-
varying formation control law tailored to handle the nonlinear
dynamics inherent in multi-agent systems. The event-triggered
mechanism is employed to reduce the frequency of control
updates and communication overhead by activating the control
updates only when necessary, based on predefined criteria. This
mechanism ensures that the agents adjust their control actions in
response to significant deviations from the desired formation, thus
maintaining formation integrity while conserving communication
resources.We derive stability conditions for the proposed control
strategy and demonstrate its effectiveness through rigorous theo-
retical analysis and simulations. Theoretical results confirm that
the system can achieve and maintain the desired time-varying
formation despite the nonlinearities and dynamic communication
constraints. Simulation experiments validate the practicality and
robustness of the proposed method, showing that it effectively
maintains the formation and reduces communication load.

Index Terms—Time-Varying formation, event-triggered, non-
linear

I. INTRODUCTION

In the study of multi-agent systems, the problem of for-
mation control has become a significant topic, especially in
practical applications such as drone formations, autonomous
vehicles, and robot fleets. Ensuring that agents can maintain
a desired time-varying formation while addressing nonlinear
dynamics and dynamic communication constraints is a chal-
lenging task.

Traditional formation control methods often assume that the
system’s dynamics are linear or that communication remains
stable and continuous throughout the formation process. How-
ever, in practical scenarios, interactions between agents fre-
quently exhibit nonlinear characteristics, and communication
resources may be constrained or unstable. Therefore, designing
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an effective control strategy to address these challenges while
achieving time-varying formation goals is an urgent problem.

In recent years, event-triggered mechanisms have been
proposed as an efficient communication strategy to optimize
control performance in multi-agent systems. This mechanism
significantly reduces communication overhead by triggering
control updates only when necessary. However, integrating
event-triggered mechanisms with time-varying formation con-
trol to address nonlinear dynamics in practical situations has
not been thoroughly explored.

To address these issues, this paper proposes a novel control
strategy that combines practical time-varying formation con-
trol with an event-triggered mechanism to handle nonlinear
dynamics and communication constraints in multi-agent sys-
tems. First, we design a control law tailored for time-varying
formations and use the event-triggered mechanism to optimize
the frequency of control updates. Second, we validate the
effectiveness and robustness of the proposed method through
theoretical analysis and simulation experiments. The results
demonstrate that the proposed method effectively maintains
the desired formation while significantly reducing communi-
cation overhead.

The main contribution of this paper lies in providing a
comprehensive approach that integrates time-varying forma-
tion control with event-triggered mechanisms, offering a new
solution to practical control problems in multi-agent systems
and laying a foundation for future research directions.

II. PROBLEM FORMULATION AND PRELIMINARIES

A. Graph Theory

A signed digraph G = {V, E ,A} represents the communi-
cation topology of the multiagent systems, which includes N
followers and M leaders. The V = {v1, . . . , vN+M} denotes
the node set, E = {(vi, vj)|vi, vj ∈ V} represents the edge
set, and A = [aij ] ∈ R(N+M)×(N+M) is the adjacency matrix
for digraph G. If (vi, vj) ∈ E , it indicates that information
can be transmitted from j to i with aij = 1; otherwise,
aij = 0. Additionally, both competition and cooperation
are considered in the communication topology. A positive
value (aij > 0) indicates cooperation, while a negative value



(aij < 0) indicates competition. The adjacency matrix is
denoted as L = D−A, where D = diag(d1, . . . , dN+M ) with
di =

∑n
j=1 |aij |. Then, define B = diag{|b1| , |b1| , . . . , |bN |},

where bi represents the weights between followers and leaders.
If ith agent can receive information from a leader, then bi ̸= 0;
otherwise, bi = 0.

B. Fuzzy Logic Systems

Fuzzy logic systems (FLSs) are frequently used to handle
unmodeled dynamics in systems. As shown in [?], a FLSs can
be described as
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where x = [x1, · · · , xn]⊤ is the input variable, y is the
output variable, and µV l

i
(xi) (i = 1, · · · , p) is the membership

function of xi, m is the number of rules.
The fuzzy basis function can be described as
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C. Preliminaries

Consider nonstrict-feedback multiagent systems as follows:
ẋi,k = xi,k+1 + fi,k(x̄i,k)

ẋi,n = ui + fi,n(x̄i,n)

yi = xi,1

(3)

where k = 1, . . . , n−1, x̄i,m = [xi,1, . . . , xi,m]⊤ ∈ Rm, (m =
1, . . . , n) is the state vector, fi,m(x̄i,m) represents unknown
smooth nonlinear function. ui ∈ R and yi ∈ R denotes the
system state input and output, respectively.

III. ADAPTIVE PRESCRIBED-TIME FORMATION TRACKING
CONTROLLER DESIGN

In this section, we investigate the problem of adaptive
prescribed-time formation tracking, examining the dynamic
trade-off between achieving faster stabilization and conserving
communication resources for any given settling time.

A. Event-Triggered Prescribed-Time Controller Design

The time-varying formation of the multiagent systems (3)
is described by a bounded continuous differentiable function
ξi, which represents the distance between ith agent and the
leader.

According to Definition 2, given any setting time Tp, it is
satisfied that

lim
t→Tp

∥yi − ξi − yd∥ ∈ M (4)

the systems (3) achieves formation tracking. M represents the
prescribed-time attractive set.

Define the following coordinate transformation:

zi,1 =

N∑
j=1

|ai,j | (yi − ξi − sgn(ai,j)yj + ξj)

+ bi(yi − sgn(bi)yd − ξi)

zi,q = xi,q − ηi,q−1

(5)

where q = 2, ..., n, zi,1 is formation error, and ηi,q−1 repre-
sents the virtual controller to be designed later.

Step 1: From the systems (3) and coordinate transformation
(5), the time derivative of zi,1 is

żi,1 = (

N∑
j=1

|ai,j |+ bi)(zi,2 + ηi,1 + fi,1(xi,1)− ξ̇i)

−
N∑
j=1

|ai,j | (sgn(ai,j)ẏj − ξ̇j)− bisgn(bi)ẏd

(6)

where Fi,1(Xi,1) = fi,1(xi,1)− 1
ℏi
(
∑N

j=1 |ai,j | (sgn(ai,j)ẏj −
ξ̇j) − bisgn(bi)ẏd) with Xi,1 = [xi,1, xj,1, yd, ẏd, ξ̇j ]

⊤, and
ℏi =

∑N
j=1 |ai,j | + bi. FLSs can be applied to approximate

the unknown nonlinear dynamic Fi,1(Xi,1) as Fi,1(Xi,1) =
W⊤

i,1ψi,1 (Xi,1) + εi,1(Xi,1), it can be obtained

żi,1 = ℏi(zi,2 − ξ̇i + ηi,1 +W⊤
i,1ψi,1 (Xi,1) + εi,1(Xi,1)).

(7)
Based on the coordinate transformation (5), the candidate

Lyapunov function is selected as

Vi,1 =
1

2
z2i,1 +

1

2
θ̃2i,1 (8)

where θ̃i,1 = θi,1−θ̂i,1 is the estimate error, θ̂i is the estimated
value of the uncertain parameter θi with θi,1 = ∥Wi,1∥2.

According to the derivative of zi,1 in (7) and the candidate
Lyapunov function (8), one yileds

V̇i,1 = zi,1(ℏi,1 (Xi,1) + εi,1(Xi,1)))

+ zi,1ℏi(ηi,1 − ξ̇i)− θ̃i,1
˙̂
θi,1

(9)

By employing Young’s inequality, it can be inferred
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where ϵi,1 > 0 is the design parameter, |εi,1(Xi,1)| ≤ ε̄i,1
with ε̄i,1 > 0 is a constant.

The virtual controller and adaptive law are designed as
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where ki,11, ki,12, and ki,13 > 0, aθi,1, bθi,1, and cθi,1 > 0 are
design parameters.

Inserting (10), (11) and (12) into (9), it can be obtained

V̇i,1≤−µ(t)zi,1ki,11sig2α−1(zi,1)−µ(t)zi,1ki,12sig2β−1(zi,1)

− zi,1ki,13sig
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(13)
Step n:Inductively, one can obtain that the derivative of zi,n

satisfies
żi,n = ui + fi,n(x̄i,n)− η̇i,n−1 (14)

where the unknown nonlinear function Fi,n(Xi,n) =
fi,n(x̄i,n) − η̇i,n−1 is defined, and a FLSs W⊤ψ (x) is
utilized to approximate the function Fi,n(Xi,n), such that
Fi,n(Xi,n) = W⊤

i,nψi,n (Xi,n) + εi,n(Xi,n) with Xi,n =
[x̄i,n, η̇i,n−1]

⊤. |εi,n(Xi,n)| ≤ ε̄i,n with ε̄i,n > 0 is a constant.
By selecting the candidate Lyapunov function as

Vi,n = Vi,n−1 +
1

2
z2i,n +

1

2
θ̃2i,n (15)

where the parameter estimation error satisfies θ̃i,q = θi,q−θ̂i,q ,
and θi,q = ∥Wi,q∥2.

From (??) and (??), V̇i,q satisfies

V̇i,q = V̇i,q−1 + zi,q(zi,q+1 +W⊤
i,qψi,q (Xi,q) + εi,q(Xi,q))

+ zi,qηi,q − θ̃i,q
˙̂
θi,q

(16)
By applying Young’s inequality, it can be deduced
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where ϵi,q > 0 is a design parameter, |εi,q(Xi,q)| ≤ ε̄i,q with
ε̄i,q > 0 is a constant.

B. Stability Analysis

The principal theory introduced in this paper are proven to
be effective by the following theorem.

For multiagent systems (3), if Assumptions 1-3 are satisfied,
for any initial state x̄n(0), the proposed virtual controllers,
the parameter update laws, and the event-triggered controller
ensure that all signals are prescribed time stable, and the
bipartite formation tracking error zi,1 satisfies:

Converges to to a small neighborhood
⌣

M1 within the preset
time Tp. Meanwhile, the Zeno behavior is circumvented.

Note that the method proposed in this paper considers
the impact of convergence time on the system. In practical
system control, a very short convergence time requires a
larger control input to achieve stable operation. Additionally,
input saturation needs to be considered in practical control
systems. For the event-triggered scheme (??), it can be seen
that the dynamic threshold is composed of the prescribed-
time evolution function and input saturation constraints. The

parameter Dk is used to balance convergence speed and system
communication resource optimization. If the user sets a very
short convergence time, a shorter update interval is adopted
to achieve faster stabilization. When a longer convergence
time is set, a longer update interval is used to better reduce
communication resource consumption.

IV. CONCLUSION

In this paper, we have developed a novel control strategy
for practical time-varying formation control in nonlinear multi-
agent systems, incorporating an event-triggered mechanism to
optimize communication efficiency. Our approach addresses
the dual challenges of maintaining a desired time-varying
formation and managing nonlinear dynamics while reducing
communication overhead. Through rigorous theoretical anal-
ysis, we derived stability conditions that guarantee the effec-
tiveness of the proposed control strategy. Simulation results
further validate the practicality and robustness of the method,
demonstrating that it not only successfully maintains the de-
sired formation but also ensures the boundedness of all signals
within the closed-loop system. The proposed method effec-
tively reduces communication load while achieving the control
objectives, making it suitable for real-world applications where
communication resources are limited and system dynamics
are complex. In summary, this paper contributes a significant
advancement in the field of multi-agent systems by providing a
robust and efficient solution for time-varying formation control
under nonlinear dynamics. Future work may explore extending
this approach to more complex scenarios, such as systems with
time delays or varying communication topologies, and further
optimizing the event-triggered mechanism to enhance overall
system performance.

REFERENCES

[1] H. Ye and Y. Song, “Prescribed-time tracking control of mimo non-
linear systems with nonvanishing uncertainties,” IEEE Transactions on
Automatic Control, vol. 68, no. 6, pp. 3664–3671, 2022

[2] X. Chen, H. Yu, and F. Hao, “Prescribed-time event-triggered bipartite
consensus of multiagent systems,” IEEE Transactions on Cybernet-
ics,vol. 52, no. 4, pp. 2589–2598, 2020.

[3] X.-W. Huang, Z.-Y. Dong, P. Yang, and L.-H. Zhang, “Model-free adap-
tive trajectory tracking control of robotic manipulators with practical
prescribed-time performance,” Nonlinear Dyn., vol. 111, no. 21, pp. 20
015–20 039, Sep. 2023..

[4] P. Du, H. Liang, S. Zhao, and C. K. Ahn, “Neural-based decentralized
adaptive finite-time control for nonlinear large-scale systems with time-
varying output constraints,” IEEE Trans. Syst., Man, Cybern., vol. 51,
no. 5, pp. 3136–3147, May 2021.

[5] S. Cao, L. Sun, J. Jiang, and Z. Zuo, “Reinforcement learning-based
fixed-time trajectory tracking control for uncertain robotic manipulators
with input saturation,” IEEE Trans. Neural Netw. Learn. Syst., vol.
34,no. 8, pp. 4584–4595, Aug. 2023.

[6] Y. Hou, Y.-J. Liu, L. Tang, and S. Tong, “Adaptive fuzzy-based event-
triggered control for mimo switched nonlinear system with unknown
control directions,” IEEE Trans. Fuzzy Syst., vol. 31, no. 12, pp.
4447–4458, Dec. 2023

[7] F. Wang and G. Lai, “Fixed-time control design for nonlinear uncertain
systems via adaptive method,” Syst. Control. Lett., vol. 140, p. 104704,
Jun. 2020.

[8] H. Yang, Y. Wang, and Z. Shao, “Event-triggered prescribed-time control
for a class of uncertain nonlinear systems using finite time-varying gain,”
ISA Transactions, 2024.


