
Intelligence & Control
https://www.sciltp.com/journals/ic

Article

Fast Finite-Time Adaptive Consensus with Prescribed
Performance Tracking Control for High-Power
Nonlinear MASs
Xiao Zheng 1, Yuanzhao Chen 1, Xiaomei Wang 2,*, Xiaoqing Zhang 1 and Yi Niu 1,*

1 The School of Information Science and Engineering, Shandong Normal University, Jinan 250014, China
2 The School of Automation, Chongqing University, Chongqing 400044, China

How To Cite: Zheng, X.; Chen, Y.; Wang, X; et al. Fast Finite-Time Adaptive Consensus with Prescribed Performance Tracking Control for
High-Power Nonlinear MASs. Intelligence & Control 2025, 1(1), 4.

* Correspondence: wlwxmei@163.com (X.W.); niuyi@sdnu.edu.cn (Y.N.)

https://doi.org/10.53941/ic.2025.100004

Received: 23 July 2025

Revised: 19 August 2025

Accepted: 1 September 2025

Published: 17 September 2025

Abstract: This paper addresses the challenge of achieving fast finite-time adaptive
consensus tracking control and prescribed performance control for a category of
high-power uncertain nonlinear multi-agent systems (MASs) under external signal
disturbances. First, a new error coordinate transformation scheme is devised to effec-
tively decouple local and neighbor information. Second, by ensuring that all signals
in the closed-loop system remain bounded, the controller is equipped with sufficient
capability to compensate for the system’s unknowns, external disturbance signals,
and parameter uncertainties, thereby achieving consensus tracking performance. In
comparison to traditional tracking control strategies, the proposed control method
guarantees that the output of the MASs asymptotically converges to zero. Third, to
meet the performance requirements of MASs, a prescribed performance function
is designed to constrain the errors in the finite-time control framework, thereby en-
hancing both the transient and steady-state performance of the system. The proposed
control mechanism guarantees that the MASs meet the performance requirements
within a finite time. Finally, simulation results demonstrate the effectiveness of the
proposed control mechanism.

Keywords: adaptive consensus tracking control; nonlinear high-power multi-agent
systems; prescribed performance; fast finite-time stabilization; power integration technique

1. Introduction

With the advancements of multi-agent systems (MASs), agents need to collaborate efficiently in various
application scenarios to complete complex tasks. Through communication and cooperation among agents, MASs
can achieve distributed control and decision-making in intricate environments, such as drone swarms, robotic
groups, and intelligent transportation systems [1–3]. As computing power and communication technology develop
continuously, research in MASs has significantly progressed, particularly in the control methods for linear MASs.

These methods mainly focus on consensus control, swarm collaboration, and task allocation [4–6]. Nonetheless,
the assumption of linear systems restricts their ability to effectively address the nonlinear characteristics common in
many systems. In particular, when facing dynamic changes and complex environments, linear models frequently
fail to accurately describe system behavior, thereby limiting system performance. To overcome the limitations
of linear systems, nonlinear MASs have emerged as a research hotspot. Nonlinear systems can more accurately
express complex dynamic behaviors, and studies indicate that nonlinear control methods can complete consensus
and tracking tasks in more complex environments, providing enhanced robustness and adaptability [7]. Compared
to linear systems, nonlinear MASs are capable of addressing more complex issues, such as dynamic uncertainties
and external disturbances. Within the realm of nonlinear systems, high-power nonlinear systems present particularly
significant challenges. Their dynamic models typically incorporate complex nonlinear terms, complicating stability
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analysis and control design [8]. The control of high-power nonlinear systems should not only ensure system stability
but also guarantee efficient collaboration and consensus among agents. Though existing studies have investigated
control methods for high-power nonlinear systems, most assume that the system operates in an ideal environment,
failing to fully consider external disturbances and system uncertainties [9]. Nonetheless, in practical applications,
disturbances and uncertainties are inevitable, with factors such as environmental changes, sensor errors, and actuator
noise all impacting system performance. Consequently, achieving consensus and efficient control in uncertain and
disturbed environments has become a pressing challenge [10]. Moreover, existing studies have not thoroughly
addressed the issue of gain design, which is crucial for system performance, as appropriate gain selection can
significantly affect system response speed, stability, and robustness to disturbances [11]. In high-power nonlinear
MASs, how to adjust the gain based on the system’s dynamic characteristics to ensure system stability and efficient
performance remains an urgent problem.

In the field of multi-agent systems, Finite-Time Control (FTC) is emerging as an important control method.
Unlike traditional asymptotic stability control [12], Fast FTC can drive the system state to the target state within a
specified finite time, providing significant advantages, particularly in the face of uncertainty and nonlinear challenges.
Traditional methods may struggle to guarantee stability and performance in high-power uncertain nonlinear systems
due to system complexity, while fast FTC offers an effective solution [13]. The key feature of FTC lies in designing
control laws that ensure the system state converges to the target value within the specified time, exhibiting strong
robustness, which makes it particularly outstanding in MASs. Studies have indicated that fast FTC can achieve
consensus objectives and maintain system stability within a finite time. For instance, Shang et al. proposed an adaptive
FTC method for uncertain nonlinear systems that achieves consensus tracking in finite time [14]; Zou et al. resolved the
finite-time consensus problem in MASs and introduced a new protocol to ensure consensus in finite time, even under
uncertainty [15]. In addition, Lei et al. developed an adaptive FTC method for highly uncertain nonlinear systems,
ensuring precise coordination among multi-agents in finite time [16]. Although FTC has demonstrated considerable
potential in MASs, designing effective control strategies in high-power uncertain nonlinear systems remains a
challenge. In recent years, researchers have integrated adaptive control with FTC to devise new methods to address
dynamic changes and uncertainties in the system. These methods automatically adjust control parameters to enhance
system stability and tracking performance within the specified time. Therefore, FTC provides an effective control
mechanism for high-power uncertain nonlinear MASs, ensuring system stability while achieving consensus tracking
tasks within a finite time.

Prescribed Performance Control (PPC) is a method for designing controllers by establishing performance
requirements. Distinguished from traditional stability control, PPC emphasizes not only stability but also perfor-
mance indicators such as steady-state error, response speed, and control energy. PPC has demonstrated significant
application value in MASs and complex network control, especially in high-power uncertain nonlinear systems [17],
where the key challenge lies in meeting performance objectives while ensuring stability. Given the complex dynamic
behavior and uncertainties in MASs, designing control strategies becomes increasingly challenging. To address
this issue, researchers have developed various PPC-based control methods. For instance, an adaptive control
mechanism devised in [18] achieves consistency and performance requirements under system uncertainties and
disturbances. Sui et al. proposed a PPC method that incorporates nonlinear system characteristics, enhancing
stability and response speed by optimizing performance indicators [19]. Furthermore, combining PPC with FTC
further improves system performance. As a rapid convergence method, FTC is particularly suitable for MASs
requiring fast response. By integrating PPC, the system can achieve predefined performance objectives within a
finite time while reducing control inputs and minimizing energy consumption. The finite-time PPC method proposed
in [20] significantly improves dynamic response and stability under uncertainty. PPC provides a flexible and efficient
control solution for MASs, ensuring stability and achieving performance objectives even under uncertainty and
nonlinear characteristics. When integrated with FTC, it enables precise control in a short time, making it particularly
suitable for high-precision and rapid response scenarios.

Inspired by the above discussion, this paper proposes a new adaptive consensus tracking control for high-power
nonlinear MASs based on the adaptive compensation technique. Compared to existing works, our work has the
following advantages:

(i) This paper proposes a control mechanism based on prescribed performance aimed at enhancing the tracking
accuracy and robustness of MASs under uncertainty and nonlinearity. By prescribing the system performance,
the controller can predefine the desired dynamic behavior, thus ensuring system stability and reliability. In
contrast to [17,18,20], this approach effectively addresses the uncertainty issue in performance estimation
inherent in traditional methods.

(ii) This paper introduces a fast FTC method to tackle the consensus tracking problem in high-power uncertain
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nonlinear MASs. By utilizing an adaptive controller, the system can achieve consensus within a finite time
while effectively managing uncertainty and nonlinearity. Compared to traditional asymptotic stability control
methods, including [21–23], FTC significantly enhances the system’s response speed and convergence, meets
stringent time performance requirements, and effectively reduces tracking errors, thereby improving overall
system performance.

(iii) This paper proposes an adaptive consensus control mechanism that adjusts the controller parameters in real-
time to address the challenges posed by dynamic environments and uncertainties in MASs. The mechanism
employs an adaptive algorithm to adjust the gain parameters online, ensuring that all agents achieve consensus
tracking within a finite time, even when system parameters are not fully known. Compared to approaches
discussed in [24–26], this method enhances system adaptability and ensures robustness and stability in
uncertain and nonlinear environments.

2. Preliminaries and Problem Establishment

2.1. Basic Graph Theory

The directed graph can be denoted asG = (U,NL), whereU = {u1, ..., uk} denotes the node set andNL ⊆ U×U

represents the edge set. eji = (uj, ui) ∈ NL represents the edge, indicating that the agent i can receive information from
agent j. In the directed graph, the adjacency matrix can be denoted as A = [aij] ∈ Rk×k, where if eji = (uj , ui) ∈ NL,
then aij > 0. The case of self-loops is usually not considered. Let D = diag(d1, ..., dk) ∈ Rk×k be the in-degree
matrix where di =

∑N
j=1 aij . Then, the Laplacian matrix can be denoted as L = D −A in the directed graph G.

Additionally, a matrix B = diag(b1, ..., bk) ∈ Rk×k is defined, where bk denotes the weight between the leader and
agent k.

When considering the leader, an augmented graph Ḡ is typically utilized to represent the communication
topology between the leader and the followers. Ḡ = (V̄ , Ē) is an augmented graph based on the aforementioned
graph G, where V̄ and Ē denote the corresponding node set and edge set of Ḡ, respectively. V̄ contains the leader
and followers, and Ē indicates the information flow among the leader and the followers.

2.2. Problem Establishment

This paper considers nonlinear MASs, which typically consist of N (N ≥ 2) followers (labeled 1 to N ) and a
leader (labeled r). The communication topology of the followers is described by a graph G. The dynamic model of
the i-th (∀i ∈ {1, 2, ..., N}) follower is given by

ẋi,k(t) = gi,k(t, x̄i,n)x
pi,k

i,k+1 + fi,n(t, x̄i,n) + di,k,

ẋi,n(t) = gi,n(t, x̄i,n)u
pi,n

i + fi,n(t, x̄i,n) + di,n,

yi(t) = xi,1(t),

(1)

where k = 1, . . . , n − 1, xi,1, ..., xi,n ∈ Rn are the state variables of the i-th agent, yi(t) ∈ R and ui ∈ R
respectively represent the output and input of the i-th follower, and x̄i,k = (xi,1, ..., xi,k) is the system state vector.
The unknown nonlinear functions fi,k(x̄i,k) and gi,k(x̄i,k) are continuous. The function di depicts a continuous
time-varying disturbance signal, satisfying |di| ≤ σ, where σ is an unknown constant. For brevity, let xi,n+1 = ui.

The dynamic of the leader agent is modeled by

ẋr = fr(xr, t),

yr = xr,
(2)

where yr ∈ R represents the output of the leader, and fr(xr, t) denotes a piecewise continuous function with respect
to time t and satisfying the locally Lipschitz condition with respect to xr for t ≥ 0.

Assumption 1. For any continuously differentiable reference signal yr(t) and its derivative ẏr(t), there exists an
unknown positive constant M such that |yr(t)|+ |ẏr(t)| ≤ M .

Remark 1. Distinguished from the existing practical tracking results [27–29], which assume that the tracking
signal yr(t) and its n-th power derivative are known and bounded, this paper only requires that the tracking signal
yr(t) and its first-order derivative are bounded. In addition, the existence of the unknown constant M challenges
conventional strategies.

Assumption 2. The communication graph is directed and includes a spanning tree rooted at the leader signal yr,
ensuring that at least one follower can directly obtain and utilize all information of the leader signal.
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Assumption 3. There exists a known smooth positive function γi,k(x̄i,k) and an unknown positive constant ci > 0

such that
|fi,k(x̄i,k)| ≤ ciγi,k(x̄i,k). (3)

Assumption 4. The sign of gi(x̄i, t) is unknown, i = 1, . . . , n − 1, but there exist unknown continuous positive
functions ḡi,k, and g

i,k
such that the following conditions are satisfied:

g
i
(x̄i) ≤ |gi(x̄i)| ≤ ḡi(x̄i). (4)

The following presents several technical lemmas that are crucial in the design process.

Lemma 1 ( [30]). For a given constant ε > 0 and any x ∈ R, the following holds

0 ≤ |x| − x2

√
x2 + ε2

< ε. (5)

Lemma 2 ( [31]). Based on Assumption 2, the symmetric positive definite matrix is defined as Q = (L+B)+(L+B)T .

Lemma 3 ( [32]). For any real-valued continuous function Φ(x, y) with x ∈ Rm and y ∈ Rn, there exist
smooth functions Φ1(x) ≥ 0,Φ2(y) ≥ 0,Φ3(x) ≥ 1, and Φ4(y) ≥ 1 such that |Φ(x, y)| ≤ Φ1(x) + Φ2(y) and
|Φ(x, y)| ≤ Φ3(x)Φ4(y).

Lemma 4 ( [33]). For any x, y ∈ R and a given constant p ≥ 1, make |x± y| ≤ 21−
1
p (|xp ± yp|)

1
p .

Lemma 5 ( [34]).

|a(x, y)xmyn| ≤ n

m+ n

(
m

(m+ n)c(x, y)

)m
n

|a(x, y)|
m+n

n

· |y|m+n + c(x, y)|x|m+n,

(6)

where c(x, y) > 0.

Lemma 6 ( [35]). For a given constant p > 0 and any xi(i = 1, . . . , N), we have (|x1|+ . . .+ |xn|)p ≤
c (|x1|p + . . .+ |xn|p), where c = 1 for p ∈ (0, 1), and c = np−1 for p ∈ [1,∞).

Lemma 7 ( [36]). Consider a nonlinear system ż = ϕ(z). Let V (z) be a smooth, positive definite function. If there
exist some scalars a > 0, b > 0, ρ > 0 and 0 < γ < 1 such that V̇ (z) ≤ −aV γ(z)− bV (z) + ρ, then for a scalar
τ with 0 < τ < b, there exists a constant T > 0 such that for all t ≥ T , V (z(t)) ≤ ρ

b−τ , with T being defined by

T = t0 +
1

τ(1−γ) ln

(
a
τ +V (t0)

1−γ

a
τ +( ρ

b−τ )
1−γ

)
.

2.3. Finite-Time Prescribed Performance

Definition 1. A smooth function ρ(t) satisfies the following condition:

1. ρ(t) > 0;

2. ρ̇(t) ≤ 0;

3. limt→tr ρ(t) = ρtr , and ρtr is a positive constant;

4. when t ≥ tr, ρ(t) = ρtr with tr being a set time.

Then, ρ(t) is a finite-time performance function [37], and inspired by [38], it can be defined as follows:

ρ(t) =

{ (
ρℓ0 − ℓJt

) 1
ℓ + ρtr, 0 ≤ t < tr

ρtr, t ≥ tr
(7)

where ℓ, J , ρtr , and ρℓ0 are positive parameters. Additionally, ρ0 + ρtr = ρ(0) is the initial value, and tr =
ρℓ
0

ℓJ is
the set time.
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3. Design Adaptive Controller

In this section, an adaptive consensus tracking controller for high-power nonlinear MASs (1) is devised using
backstepping, and coordinate transformations are introduced as follows

mi,1(t) = xi,1(t)− yr(t),

zi,1(t) = tan(
πmi,1(t)
2ρ(t) ),

zi,k(t) = x
pi,1

...pi,k−1

i,k (t)− α
pi,1

...pi,k−1

i,k (x̄i−1,k(t), yr, θ̂),

(8)

where m(t) denotes the tracking error with yr(t) being the reference signal, i = 1, 2, ..., N , k = 2, · · · , n − 1;
α
pi,1...pi,k−1

i,k is referred to as the virtual controller, which is defined with respect to yr, x̄j,k−1, x̄i,k−1 and θ̂i.
Taking the time derivative of żi,1(t), we have

żi,1(t) =
π(ṁi,1(t)ρ(t)−mi,1(t)ρ̇(t))

2ρ2(t)cos2(
πmi,1(t)
2ρ(t) )

= Aiṁi,1(t) +Hi, (9)

where

Ai =
π

2ρcos2(
πmi,1

2ρ )
, Hi = − πmi,1ρ̇

2ρ2cos2(
πmi,1

2ρ )
. (10)

Motivated by [39,40], the consensus tracking error for agent i can be expressed as

ei =

N∑
j=1

aij(yi − yj) + bi(yi − yr), (11)

where i = 1, 2, . . . , N , e =
[
e1, e2, . . . , eN

]T ∈ RN , and bi represents the weight between the i-th agent and the
leader agent. Define m = [m1,m2, . . . ,mN ]T , and then we have e = (L+B)m.

Define a function as

Wi,k =

∫ xi,k

αi,k−1

(spi,1...pi,k−1−αpi,1...pi,k−1

i,k−1
)
2− 1

pi,1...pi,k−1 ds, (12)

where k = 2, ..., n.

The properties of Wk are described as follows.

Proposition 1 ( [34]). Wk is continuously differentiable and satisfies
∂Wi,k

∂xi,k
= z

2− 1
pi,1...pi,k−1

i,k , i = 1, . . . , 2k + 1.

∂Wi,k

∂ωi,k
= ϖi,k

∂α
pi,1...pi,k−1
i,k

∂ωi,k
,

(13)

where ωi,1 = yr, ωi,2 = θ̂i, ωi,2+j = xi,j(j = 1, . . . , k − 1) and ϖi,k = −(2 − 1
pi,1...pi,k−1

)
∫ xi,k

αi,k−1
(spi,1...pi,k−1 −

αpi,1...pi,k−1
i,k−1

)
1− 1

pi,1...pi,k−1 ds.Furthermore, there is a known constantΨ > 0 such thatWk ≥ Ψ(xi,k−αi,k−1)
2pi,1,...,pi,k−1 .

Step 1: In this step, choose the Lyapunov function V1 as

V1 =
1

2
zT1 z1 +

1

2
θ̃T θ̃, (14)

where z1 = [z1,1, z2,1, . . . , zN,1]
T , and the error vector is θ̃ = θ − θ̂ with θ̂ = [θ̂1, θ̂2, . . . , θ̂N ] denoting the

estimation of the unknown θ = [θ1, θ2, . . . , θN ] and θi = max{ci,M}.
Differentiating V1 and alone Equation (8) yields

V̇1 = zT1 (Aiṁi,1(t) +Hi)− θ̃T
˙̂
θ. (15)

Then, the time derivative of V1 along the trajectories of Equation (8) is given by
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V̇1 =

N∑
i=1

−(ki,1z
2
i,1

2

) 1
2

−
ci,1z

2
i,1

2
+

ci,1z
2
i,1

2
+Aizi,1fi,1

+

(
ki,1z

2
i,1

2

) 1
2

+Aigi,1zi,1zi,2 +Aigi,1zi,1α
pi,1

i,1

+Aizi,1di,1 −Aizi,1ẏr +Hizi,1 − θ̃i
˙̂
θi

]
,

(16)

where ki,1 and ci,1 are positive design parameters, and this holds true for subsequent cases.
By Assumptions 1 and 3 and Equation (12), we have

(
ki,1z

2
i,1

2

) 1
2

+Aizi,1fi,1 +Aizi,1di,1 +Hizi,1 −Aizi,1ẏr

≤ θi

 6A2
i γ

2
i,1√

36z2i,1γ
2
i,1A

2
i + ε2i,1

+
6A2

i√
36z2i,1A

2
i + ε2i,1

+
6ki,1√

36ki,1z2i,1 + ε2i,1

+
6β2A2

i√
36z2i,1β

2A2
i + ε2i,1

+
6H2

i√
36z2i,1H

2
i + ε2i,1

 z2i,1 +
5θiεi,1

6

∆
= θiφi,1z

2
i,1 +

5θiεi,1
6

,

(17)

where εi,1 > 0 is an arbitrary constant, and φi,1 is a smooth positive function.
Substituting Equation (17) into Equation (16) yields

V̇1 ≤
N∑
i=1

−(ki,1z
2
i,1

2

) 1
2

−
ci,1z

2
i,1

2
+ zi,1ᾱi,1 +

5θiεi,1
6

+Aigi,1zi,1α
pi,1

i,1 + θ̃iφi,1z
2
i,1 +Aigi,1zi,1zi,2 − θ̃i

˙̂
θi

]
,

(18)

where ᾱi,1(xi,1, θ̂i, yr) =
ci,1zi,1

2 + θ̂iφi,1zi,1.
Now, the first virtual controller αpi,1

i,1 can be chosen as

α
pi,1

i,1 (xi,1, θ̂i, yr, ρ(t), ρ̇(t)) = −Ke−
6ᾱ2

i,1zi,1

ḡi,1
√
36z2i,1ᾱ

2
i,1 + ε2i,1

, (19)

where K is a positive design parameter, and it leads to

Aigi,1zi,1α
pi,1

i,1 = −Aigi,1Kezi,1 −
6ᾱ2

i,1√
36z2i,1ᾱ

2
i,1 + ε2i,1

z2i,1

≤ θiεi,1
6

− zi,1ᾱi,1 −Aigi,1Kezi,1.

(20)

Finally, combining Equations (16) and (17) yields

V̇1 ≤
N∑
i=1

−(ki,1z
2
i,1

2

) 1
2

−
ci,1z

2
i,1

2
−Aigi,1Kezi,1

+Aigi,1zi,1zi,2 + θ̃i(βi,1 − ˙̂
θi) + 2θ̃iθ̂i + θiεi,1

]
,

(21)

where βi,1 = φi,1z
2
i,1 − 2θ̂i.
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According to Lemma 2 and Young’s Inequality, we can obtain

N∑
i=1

−Aigi,1Kezi,1 = −Ag
1
KzT1 e = −Ag

1
KzT1 (L+B)m

≤
Ag

1
K

2
λmin(Q)(

1

2
∥z1∥2 +

1

2
m2)

≤
Ag

1
Kλmin(Q)(∥z1∥2 +m2)

4

≤
Ag

1
Kλmin(Q)∥z1∥2

2
,

(22)

where A = [A1, A2, . . . , AN ]T , and λmin(·) denotes the minimum eigenvalue of a symmetric positive definite
matrix Q.

Substituting Equation (20) into Equation (21) leads to

V̇1 ≤
N∑
i=1

−(ki,1z
2
i,1

2

) 1
2

−
c̄i,1z

2
i,1

2
+Aigi,1zi,1zi,2

+θ̃i(βi,1 − ˙̂
θi) + θiεi,1 + 2θ̃iθ̂i

]
,

(23)

where c̄i,1 = Ag
1
Kλmin(Q) + ci,1.

Step 2: In this step, the Lyapunov function V2 is chosen as follows

V2 = V1 +

N∑
i=1

Wi,2(x̄i,2, xj,1, yr,θ̂i, ρ(t), ρ̇(t)). (24)

By differentiating V2 with respect to time, applying Proposition 1, and substituting Equation (21) into Equation
(24), it can be deduced that

V̇2 ≤V̇1 +

N∑
i=1

[
gi,2z

2− 1
pi,1

i,2

(
x
pi,2

i,3 − α
pi,2

i,2

)
+ gi,2z

2− 1
pi,1

i,2 α
pi,2

i,2

+z
2− 1

pi,1

i,2 fi,2 + z
2− 1

pi,1

i,2 di,2 +

(
ki,2z

2
i,2

2

) 1
2

+
ci,2z

2
i,2

2

+ϖi,2

∂α
pi,1

i,1

∂xi,1
ẋi,1 +

N∑
j=1

ai,j
∂α

pi,1

i,1

∂xj,1
ẋj,1 +

∂α
pi,1

i,1

∂yr
ẏr

+
∂α

pi,1

i,1

∂θ̂i

˙̂
θi +

∂α
pi,1

i,1

∂ρ
ρ̇+

∂α
pi,1

i,1

∂ρ̇
ρ̈

)]
,

(25)

where ϖi,2 = −
(
2− 1

pi,1

) ∫ xi,2

αi,1

(
spi,1 − α

pi,1

i,1

)1− 1
pi,1 ds.

According to Equation (12) and Lemma 5, we can obtain

z
2− 1

pi,1

i,2 fi,2 + z
2− 1

pi,1

i,2 di,2

≤ 2θiεi,2
7

+ θi

(
2pi,1 − 1

2pi,1

)(
γi,2

(εi,2
7

)− 1
2pi,1

) 2pi,1
2pi,1−1

+
2pi,1 − 1

2pi,1

(
γi,2

(εi,2
7

)− 1
2pi,1

) 2pi,1
2pi,1−1

z2i,2

≜
2θiεi,2

7
+ θiφi,21z

2
i,2,

(26)

where φi,21 is a smooth positive function.
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Furthermore, we have

gi,1zi,1zi,2 +

(
ki,2zi,2

2

) 1
2

≤
7θi(1 + (1 + ḡi,1z

2
i,1)

1/2)2z2i,2√
49(1 + (1 + ḡi,1z2i,1)

1/2)2)2 + ε2i,2

+
θiεi,2
7

∆
= θiφi,22(x̄i,2, xj,1, yr, θ̂i)z

2
i,2 +

θiεi,2
7

,

(27)

where φi,22 is a smooth positive function.
From Lemma 4, it ensures that

|xi,2 − αi,1| ≤ 2
1− 1

pi,1

∣∣xpi,1

i,2 − α
pi,1

i,1

∣∣ 1
pi,1 .

Thus, we can obtain

|ϖi,2| ≤ (2− 1

pi,1
) |xi,2 − αi,1|

∣∣xpi,1

i,2 − α
pi,1

i,1

∣∣1− 1
pi,1

≤ hi,2 |zi,2| ,
(28)

where hi,2 = (2− 1
pi,1

)2
1− 1

pi,1 .

By using Lemma 3, there exists a smooth positive function α̃i,2(xi,2, xj,1, yr, θ̂i, ρ(t), ρ̇(t)) such that∣∣∣∣∣∂α
pi,1

i,1

∂xi,1

∣∣∣∣∣+
∣∣∣∣∣∂α

pi,1

i,1

∂xj,1

∣∣∣∣∣+
∣∣∣∣∣∂α

pi,1

i,1

∂yr

∣∣∣∣∣+
∣∣∣∣∣∂α

pi,1

i,1

∂θ̂i

∣∣∣∣∣+
∣∣∣∣∣∂α

pi,1

i,1

∂ρ

∣∣∣∣∣
+

∣∣∣∣∣∂α
pi,1

i,1

∂ρ̇

∣∣∣∣∣ ≤ α̃i,2.

(29)

From Assumption 1, Assumption 3, Equations (28) and (29), it can be deduced that

ϖi,2

(
∂α

pi,1

i,1

∂yr
ẏr +

∂α
pi,1

i,1

∂xj,1
ẋj,1 +

∂α
pi,1

i,1

∂ρ
ρ̇+

∂α
pi,1

i,1

∂ρ̇
ρ̈

)

≤
θi7h

2
i,2α̃

2
i,2(Hi,1 + γj,2 + 1 + (1 + ρ̇2))

2
z2i,2√

49h2
i,2z

2
i,2α̃

2
i,2(Hi,1 + γj,2 + 1 + (1 + ρ̇2))

2
+ ε2i,2

+
θiεi,2
7

∆
= θiφi,23z

2
i,2 +

θiεi,2
7

,

(30)

where Hi,1 = (1 +
N∑
j=1

ai,jx
2
j,2)

pi,1/2and φi,23 is a smooth positive function.

It can be obtained from Assumption 3, Equations (8) and (27) that

ϖi,2

∂α
pi,1

i,1

∂xi,1
ẋi,1 ≤

7θih
2
i,2α̃

2
i,2(Hi,2 + γi,2)

2
z2i,2√

49h2
i,2z

2
i,2α̃

2
i,2(Hi,2 + γi,2)

2
+ ε2i,2

+
θiεi,2
7

∆
= θiφi,24z

2
i,2 +

θiεi,2
7

,

(31)

where Hi,2 = (1 + x2
i,2)

pi,1/2and φi,24 is a smooth positive function.
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Then, it is easy to obtain

ϖi,2

∂α
pi,1

i,1

∂θ̂i

˙̂
θi = −ϖi,2

∂α
pi,1

i,1

∂θ̂i
(βi,1 − ˙̂

θi) +ϖi,2

∂α
pi,1

i,1

∂θ̂i
βi,1

∆
= −ϖi,2

∂α
pi,1

i,1

∂θ̂i
(βi,1 − ˙̂

θi) + θiφ̃i,2z
2
i,2

+
θiεi,2
7

,

(32)

where

φ̃i,2(x̄i,2, xj,1, yr, θ̂i) =
7h2

i,2α̃
2
i,2β

2
i,1√

49h2
i,2z

2
i,2α̃

2
i,2β

2
i,1 + ε2i,2

,

is a smooth positive function.
The definitions of smooth positive functions are provided below:

φ̄i,2(x̄i,2, xj,1, yr, θ̂i) =

4∑
j=1

φi,2j ,

φi,2(x̄i,2, xj,1, yr, θ̂i) = φ̄i,2 + φ̃i,2.

By substituting Equations (23), (25)–(27) and (30)–(32) into Equation (25), we can obtain

V̇2 ≤
N∑
i=1

2∑
j=1

−(ki,jz
2
i,j

2

) 1
2

−
c̄i,jz

2
i,j

2
+ gi,2z

2− 1
pi,1

i,2 α
pi,2

i,2

+ θ̃i(βi,2 − ˙̂
θi) + gi,2z

2− 1
pi,1

i,2 (x
pi,2

i,3 − α
pi,2

i,2 ) + θ̃iφi,2z
2
i,2

−ϖi,2

∂α
pi,1

i,1

∂θ̂i
(βi,2 − ˙̂

θi) + zi,2ᾱi,2 +
6θiεi,2

7
+ 2θ̃iθ̂i

+ θiεi,1

]
,

(33)

where

ᾱi,2 = hi,2zi,2α̃i,2φi,2(1 + z2i,2)
1/2 + θ̂iφi,2zi,2 +

N∑
i=1

ci,2zi,2
2

,

and βi,2 = βi,1 + φi,2z
2
i,2.

Design the second virtual controller αi,2 as

α
pi,2

i,2 (x̄i,2, xj,1, yr, θ̂i) = −
7ᾱ2

i,2

ḡi,2
√
49z2i,2ᾱ

2
i,2 + ε2i,2

z
1/pi,1

i,2 , (34)

and note that

gi,2z
2− 1

pi,1

i,2 α
pi,2

i,2 = −
7z2i,2ᾱ

2
i,2√

49z2i,2ᾱ
2
i,2 + ε2i,2

≤ θiεi,2
7

− zi,2ᾱi,2.

(35)
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Finally, a direct calculation indicates that

V̇2 ≤
N∑
i=1

2∑
j=1

[
−

(
ki,jz

2
i,j

2

) 1
2

−

(
c̄i,jz

2
i,j

2

)
+ θ̃i(βi,2 − ˙̂

θi)

+ 2θ̃iθ̂i + 2θiεi,j + gi,2z
2− 1

pi,1

i,2 (x
pi,2

i,3 − α
pi,2

i,2 )

−ϖi,2

∂α
pi,1

i,1

∂θ̂i
(βi,2 − ˙̂

θi)

]
.

(36)

Step k (k = 3,4,...,n): Assume that at step k − 1, there exists a virtual controller αi,k−1 such that the time
derivative of a continuously differentiable function Vk−1 satisfies

V̇k−1 ≤
N∑
i=1

k−1∑
j=1

−(ki,jz
2
i,j

2

) 1
2

−
c̄i,jz

2
i,j

2
+ θ̃i(βi,k−1 − ˙̂

θi)

+ 2θ̃iθ̂i −
k−2∑
j=1

ϖi,j+1

∂α
pi,1······pi,j

i,j

∂θ̂i
(βi,k−1 − ˙̂

θi)

+ gi,kz
2− 1

pi,1····pi,k−2

i,k−1 (x
pi,k−1

i,k − α
pi,k−1

i,k−1 )

+ (k − 1)θiεi,j

]
,

(37)

where βi,k−1 =
N∑
i=1

k−1∑
j=1

(φi,jz
2
i,j − 2θ̂i), φi,j(j = 1, 2, . . . , k − 1) are smooth positive functions with specified

definitions, and ϖi,j+1(j = 1, 2, . . . , k − 1) represent continuous functions.
In this step, the aim is to appropriately select the virtual controller αi,k.
We define

Vk = Vk−1 +Wi,k(x̄i,k−1, x̄j,k−1, yr, θ̂i). (38)

Then, by using Equation (38) in the time derivative of Vk, and based on Proposition 1, we have

V̇k ≤
N∑
i=1

k−1∑
j=1

−(ki,jz
2
i,j

2

) 1
2

−
c̄i,jz

2
i,j

2
+

ci,kz
2
i,k

2
+ 2θ̃iθ̂i

+θ̃i(βi,k−1 − ˙̂
θi)
]
+ (k − 1)θiεi,j +

(
ki,kz

2
i,k

2

) 1
2

+ gi,k−1z
2− 1

pi,1···pi,k−2

i,k−1 (x
pi,k−1

i,k − α
pi,k−1

i,k−1 )

+ gi,kz
2− 1

pi,1···pi,k−1

i,k α
pi,k

i,k + θ̃i(βi,k−1 − ˙̂
θi)

+ gi,kz
2− 1

pi,1···pi,k−1

i,k (x
pi,k

i,k+1 − α
pi,k

i,k )

+ϖi,k

(
∂α

pi,1···pi,k−1

i,k−1

∂xi,j
ẋi,j +

∂α
pi,1···pi,k−1

i,k−1

∂yr
ẏr

+
∂α

pi,1···pi,k−1

i,k−1

∂θ̂i

˙̂
θi +

N∑
j=1

ai,j

k−1∑
l=1

∂α
pi,1···pi,k−1

i,k−1

∂xj,l
ẋj,l


+ z

2− 1
pi,1···pi,k−1

i,k fi,k + z
2− 1

pi,1···pi,k−1

i,k di,k,

(39)

where

ϖi,k =−
∫ xi,k

αi,k−1

(spi,1...pi,k−1−αpi,1...pi,k−1

i,k−1
)
1− 1

pi,1...pi,k−1 ds

· (2− 1

pi,1...pi,k−1
).
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In the following, one needs to properly estimate the destabilizing terms on the right-hand side of Equation (39).
Using Lemma 5, it can be deduced that

z
2− 1

pi,1...pi,k−1

i,k fi,k + z
2− 1

pi,1····pi,k−1

i,k di,k

≤ θiεi,k
9

+
Hi,3θiz

2
i,k

Hi,3 + 1
(γi,k(

εi,k
9

)
− 1

Hi,3 )
Hi,3+1

Hi,3

∆
=

2θiεi,k
9

+ θiφi,k1z
2
i,k,

(40)

where Hi,3 = 2pi,1 . . . pi,k−1 − 1 and φi,k1 is a smooth positive function.
From Assumption 2 and Lemmas 1 and 4, we have:

gi,k−1z
2− 1

pi,1...pi,k−1

i,k−1 (x
pi,k−1

i,k − α
pi,k−1

i,k−1 ) +

N∑
i=1

(
ki,kz

2
i,k

2

) 1
2

≤
2
1− 1

pi,1...pi,k−2 θiz
2
i,k

2pi,1...pi,k−2

(
9z2i,k−1

εi,k

)2pi,1...pi,k−2−1

+
θiεi,k
3

∆
= θiφi,k2z

2
i,k +

θiεi,k
3

,

(41)

where φi,k2 is a smooth positive function.
From Lemma 4, it ensures that

|xi,k − αi,k−1| ≤ 2
1− 1

pi,1...pi,k−1 |zi,k|
1

pi,1...pi,k−1 ,

which further implies

|ϖi,k| ≤ (2− 1

pi,1 . . . pi,k−1
) |xi,k − αi,k−1| |zi,k|

1− 1
pi,1...pi,k−1

≤ hi,k |zi,k| ,
(42)

where hi,k = (2− 1
pi,1...pi,k−1

)2
1− 1

pi,1...pi,k−1 is a positive constant.

By using Lemma 3, there exists a smooth positive function α̃i,k(x̄i,k−1, rxj,k−1, yr, θ̂i) such that

N∑
i=1

∣∣∣∣∣∂α
pi,1...pi,k−1

i,k−1

∂xi,j

∣∣∣∣∣+
N∑
j=1

ai,j

k−1∑
l=1

∣∣∣∣∣∂α
pi,1...pi,k−1

i,k−1

∂xj,l

∣∣∣∣∣
+

∣∣∣∣∣∂α
pi,1...pi,k−1

i,k−1

∂yr

∣∣∣∣∣+
∣∣∣∣∣∂α

pi,1...pi,k−1

i,k−1

∂θ̂j

∣∣∣∣∣ ≤ α̃i,k.

(43)

From Assumption 1, Assumption 3, Equations (42) and (43), it can be deduced that

ϖi,k

∂α
pi,1···pi,k−1

i,k−1

∂yr
ẏr +

N∑
j=1

ai,j

k−1∑
l=1

∂α
pi,1···pi,k−1

i,k−1

∂xj,l
ẋj,l


≤

9h2
i,kα̃

2
i,kθi

(
(Hi,4)

pi,k−1/2 + γj,k + 1
)2

z2i,k√
64h2

i,kz
2
i,kα̃

2
i,k

(
(Hi,4)pi,k−1/2 + γj,k + 1

)2
+ ε2i,k

+
θiεi,k
9

∆
= θiφi,k3(x̄i,k−1, x̄j,k−1, yr, θ̂i)z

2
i,k +

θiεi,k
9

,

(44)

where φi,k3 is a smooth positive function, and Hi,4 = 1 +
∑N

j=1 aij
∑k−1

l=1 x2
j,l.

It can be evaluated from Assumption 3, Equations (11) and (45) that
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ϖi,k

k−1∑
j=1

∂α
pi,1...pi,k−1

i,k−1

∂xi,j
ẋi,j

≤
9h2

i,kα̃
2
i,kθi((1 +

k−1∑
j=1

x2
i,j)

pi,k−1/2

+ γi,k)

2

z2i,k√√√√81h2
i,kz

2
i,kα̃

2
i,k((1 +

k−1∑
j=1

x2
i,j)

pi,k−1/2

+ γi,k)

2

+ ε2i,k

+
θiεi,k
9

∆
= θiφk,k2(x̄i,k−1, x̄j,k−1, yr, θ̂i)z

2
i,k +

θiεi,k
9

,

(45)

where φi,k4 is a smooth positive function.
Similar to step 2, it is easy to obtain

ϖi,k

∂α
pi,1...pi,k−1

i,k−1

∂θ̂i

˙̂
θi = −ϖi,k

∂α
pi,1...pi,k−1

i,k−1

∂θ̂i
(βi,k−1 − ˙̂

θi)

+ϖi,k

∂α
pi,1...pi,k−1

i,k−1

∂θ̂i
βi,k−1

∆
= −ϖi,k

∂α
pi,1...pi,k−1

i,k−1

∂θ̂i
(βi,k−1 − ˙̂

θi)

+ θiφ̃i,kz
2
i,k +

θiεi,k
9

,

(46)

where

φ̃i,k(x̄i,k−1, x̄j,k−1, yr, θ̂i) =
9h2

i,kα̃
2
i,kβ

2
i,k−1√

81h2
i,kz

2
i,kα̃

2
i,kβ

2
i,k−1 + ε2i,k

,

is a smooth positive function.
Among these, the following definitions of smooth positive functions are presented:

φ̄i,k(x̄i,k−1, x̄j,k−1, yr, θ̂i) =

4∑
j=1

φi,kj ,

φi,j(x̄i,k−1, x̄j,k−1, yr, θ̂i) = φ̄i,k + φ̃i,k.

Substituting Equations (34), (35), and (43)–(45) into Equation (37), we have

V̇k ≤
k−1∑
i=1

k−1∑
j=1

[
−

(
ki,jz

2
i,j

2

) 1
2

−
c̄i,jz

2
i,j

2
+ (k − 1)θiεi,j

+ 2θ̃iθ̂i +
8θiεi,k

9
+ θ̃i(βi,k − ˙̂

θi) + zi,kᾱi,k

+ gi,kz
2− 1

pi,1...pi,k−1

i,k α
pi,k

i,k + θ̃iφi,kz
2
i,k

+ gi,kz
2− 1

pi,1...pi,k−1

i,k (x
pi,k

i,k+1 − α
pi,k

i,k )

−ϖi,j

∂α
pi,1...pi,k−1

i,k−1

∂θ̂i
(βi,k − ˙̂

θi)

]
,

(47)

where βi,k = βi,k−1 + φi,kz
2
i,k, and

ᾱi,k(x̄i,k, x̄j,k−1, yr, θ̂i) =hi,kzi,kα̃i,k(1 + z2i,k)
1/2hi,k

+ θ̂ihi,kzi,k +

N∑
i=1

ci,kzi,k
2

.
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Now, the k-th virtual controller αi,k can be constructed to satisfy

α
pi,k

i,k (x̄i,k, x̄j,k−1, yr, θ̂i) = −
9ᾱ2

i,kz
1/pi,1...pi,k−1

i,k

ḡi,k
√
81z2i,kᾱ

2
i,k + ε2i,k

, (48)

which demonstrates that

gi,kz
2− 1

pi,1...pi,k−1

i,k α
pi,k

i,k = −
9z2i,kᾱ

2
i,k√

81z2i,kᾱ
2
i,k + ε2i,k

≤ θiεi,k
9

− zi,kᾱi,k.

(49)

Finally, we have

V̇k ≤
N∑
i=1

k∑
j=1

[
−

(
ki,jz

2
i,j

2

) 1
2

−
c̄i,jz

2
i,j

2
+ 2θ̃iθ̂i + kθiεi,j

+ θ̃i(βi,k − ˙̂
θi) + gi,kz

2− 1
pi,1...pi,k−1

i,k (x
pi,k

i,k+1 − α
pi,k

i,k )

−ϖi,j

∂α
pi,1...pi,k−1

i,k−1

∂θ̂i
(βi,k − ˙̂

θi)

]
.

(50)

Note that Equation (50) still holds for k = n

V̇n ≤
N∑
i=1

n∑
j=1

[
−

(
ki,jz

2
i,j

2

) 1
2

−
c̄i,jz

2
i,j

2
+ 2θ̃iθ̂i + kθiεi,j

+ θ̃i(βi,n − ˙̂
θi) + gi,nz

2− 1
pi,1...pi,n−1

i,n (u
pi,n

i − α
pi,n

i,n )

−ϖi,j

∂α
pi,1...pi,n−1

i,n−1

∂θ̂i
(βi,n − ˙̂

θi)

]
,

(51)

where βi,n = βi,n−1 + φi,nz
2
i,n.

Now, the adaptive law can be designed as follows:

˙̂
θi = βi,n. (52)

The controller is designed as

u
pi,n

i = −
9ᾱ2

i,n

ḡi,n
√

81z2i,nᾱ
2
i,n + ε2i,n

z
1/pi,1...pi,n−1

i,n . (53)

From Equations (52) and (53), we have

V̇n ≤
N∑
i=1

n∑
j=1

[
−

(
ki,jz

2
i,j

2

) 1
2

−
c̄i,jz

2
i,j

2
+ 2θ̃iθ̂i + kθiεi,j

]
. (54)

4. Stability Analysis

Theorem 1. Consider the high-power nonlinear MASs (1)–(2) under Assumptions 1-4, if the initial tracking error
satisfies |mi(0)| < ρ(0), then the proposed control scheme, which integrates virtual controllers (19), (34) and (48),
the actual controller (53), as well as the adaptive law (52), possesses the following properties: (i) all signals in the
closed-loop system remain bounded; (ii) the tracking error is confined within a predefined bound and converges to a
predefined accuracy within a prescribed time.

Proof. According to Young’s inequality, we have
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2θ̃iθ̂i ≤ − θ̃2i
2

− [

∣∣∣θ̃i∣∣∣
2

− 1

2
]2 − (

θ̃2i
2
)

1
2 +

1

2
+ θ2i

≤ − θ̃2i
2

− (
θ̃2i
2
)

1
2 +

1

2
+ θ2i .

(55)

Combining Equations (54) and (55), there is

V̇n ≤
N∑
i=1

n∑
j=1

[−

(
ki,jz

2
i,j

2

) 1
2

−
c̄i,jz

2
i,j

2
− θ̃2i

2
− (

θ̃2i
2
)

1
2 + ρi], (56)

where ρi = 1
2+

N∑
i=1

n∑
j=1

(θ2i + kθiεi,j). Similar to the deduction of (42), there is Wi,n ≤ 2
1− 1

pi,1...pi,n−1 z2i,n ≤ 2z2i,n,

and combined with Equation (56) and Lemma 6, we can obtain

V̇n ≤
N∑
i=1

n∑
j=1

[−

(
ki,jz

2
i,j

2
+

θ̃2i
2

) 1
2

− (
c̄i,jz

2
i,j

2
+

θ̃2i
2
) + ρi]

≤ −aV
1
2
n − bVn + ρ̄,

(57)

where the constants a and b are related to the positive constants ki,j and c̄i,j , and ρ̄ =
N∑
i=1

n∑
j=1

ρi .

From Lemma 7 and Equation (57), we can obtain the boundedness of Vn for i = 1, 2, . . . , n, which suggests
that mi(t), ei(t), zi,j(t) and θ̃i(t) are all bounded within finite time. In addition, by ensuring the boundedness of θ̃i(t)
and θi(t), it is guaranteed that θ̂i(t) is bounded. Using the boundedness of mi,1(t), and mi,1(t) = xi,1(t)− yr(t),
it can be concluded that xi,1(t) is also bounded. Through the barrier function (8) and the boundedness of z1, it is
ensured that |e| remains strictly smaller than the performance function (7). Therefore, it has been established that all
states of the closed-loop system are bounded.

5. Simulation Example

In this section, the effectiveness of the theoretical results is illustrated using an example of leader-following
MASs composed of three follower agents and one leader agent. The communication network is depicted in Figure 1,
which illustrates the communication topology of the nonlinear MASs. In Figure 1, the node labeled as yr represents
the leader, and those nodes numbered 1 to 3 represent the followers. Notably, the leader’s signal is exclusively
received by follower 1. The corresponding weight matrix between the leader and the followers is B = diag(1, 0, 0).

The adjacency matrix A and the Laplacian matrix L of the following agents are A =

 0 0 0

1 0 0

0 1 0

and L =

 0 0 0

−1 1 0

0 −1 1

, respectively.

To demonstrate the effectiveness of the proposed control mechanism, the following nonlinear high-power
MASs are introduced: {

ẋi,1 = x
pi,1

i,2 + sin(0.5xi,1) + 0.05 cos(t),

ẋi,2 = ui + cos(0.5xi,1)− 0.02 sin(0.05xi,2) + 0.05 cos(t),
(61)

where i = 1, 2, 3.

The leader’s dynamics is given by{
ẏr = 1.512 cos(0.63− 1.1) + 0.0005 cos(0.01t+ 1.5),

xr = yr.
(62)

The control objective is to ensure that the output signal yi(t) tracks the reference signal yr(t). In accordance
with the control scheme presented in this paper, the parameters are selected as follows: The initial values are
selected as x(0) = [x1(0), x2(0), x3(0)] = [0.8, 0.1, 5], θ1(0) = 5, θ2(0) = 5 and θ3(0) = 5. The design
parameters are given as K = 0.01, p11 = p21 = p31 = 1, k11 = k21 = k31 = 2, ε11 = ε21 = ε31 = 50, ε12 =
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ε22 = ε32 = 1500, c11 = c21 = c31 = 40 and c12 = c22 = c32 = 0.01, ρtr = 0.68, l = 0.001, J = 1.8,
q1 = q2 = q3 = 0.5, σ̄1 = 0.01, σ̄2 = 0.005, σ̄3 = 0.02. In addition, the virtual control function αi,1, the parameter
adaptive law θ̂i and the actual control signal ui are constructed in Equations (19), (52), and (53), respectively.
In the simulation, the initial conditions are taken as xr(0) = 1.06, x1(0) = [0.8, 0.1]T , x2(0) = [0.82, 0.1]T ,
x3(0) = [0.78, 0.1]T , and θ̂i(0) = 5 for i = 1, 2, 3. The simulation is conducted with three sets of different design
parameters, all under the same initial conditions.

r
y

1

2

3

Figure 1. The topology of the communication graph.

The simulation results are presented in Figures 2–5. The output of each subsequent agent successfully follows
the desired trajectory of the leader, as illustrated in Figure 2, and Figure 3 depicts the variation of the tracking
error trajectory over time. From Figure 3, it can be observed that the tracking error remains within the prescribed
bounds and satisfies −0.705 < e(t) < 0.705 for t ≥ 2. Given that the tracking error is strictly confined to the
interval [−ρ, ρ], the consensus error is consequently bounded within the same range, which is clearly indicated by
the experimental curves in Figure 3. The trajectory of the adaptive parameter θ̂i is shown in Figure 4. The actual
controller trajectory is illustrated in Figure 5. The simulation results indicate that the proposed tracking control
mechanism ensures consensus tracking for the considered MASs.
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Figure 2. Output trajectories of three followers and one leader.
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Figure 3. Tracking error and performance envelope.

0 5 10 15 20 25 30 35 40 45 50

Time(sec)

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

A
d

a
p

ti
v
e 

la
w

s

Figure 4. The adaptive laws of parameters θ̂i.
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Figure 5. Controller signals ui.
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6. Conclusions

This paper presents the study and design of a novel adaptive consensus tracking control mechanism aimed at
addressing the challenges of fast finite-time tracking control and prescribed performance control under external
signal disturbances in high-power uncertain nonlinear MASs. Compared to traditional methods, the proposed
control mechanism not only guarantees the asymptotic convergence of the output of the MASs but also enhances
the system’s performance during both transient and steady-state stages by incorporating a prescribed performance
function. Moreover, the designed finite-time control framework meets the system’s performance requirements within
a finite time. Future work may focus on optimizing controller design to improve the system’s robustness in more
complex environments, investigating adaptive control strategies based on dynamic event-triggered mechanisms, and
addressing global coordination and security issues in MASs.
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