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Abstract;: The problem of prescribed-time group-bipartite
leader-follower consensus for second-order nonlinear multi-
agent systems ( MASs) is investigated over a signed
communication topology. First, by selecting a time-varying
function as the control gain, we propose a novel control
protocol for the case where each sub-topology is structurally
balanced. By introducing an additional gain parameter into
the controller, we simplify the sufficient conditions for the
stability of the closed-loop system, and the calculations of
parameters are more straightforward. Second, by
incorporating leader dynamics into the controller, we relax
the topological constraints and only require the overall
topology of the MAS to be structurally balanced, and
propose a novel consensus protocol based on neighbor
information and leader dynamics. Based on matrix theory
and Lyapunov stability theory, we derive sufficient
conditions for achieving consensus. Finally, two numerical
simulation examples are provided to validate the
effectiveness of the two control protocols.
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0 Introduction

Distributed cooperative control of multi-agent
systems ( MASs) has been extensively applied in many
fields, such as aircraft formation control""!, sensor
networks” | and group trajectory :

>

simulation” .
Consensus is the most fundamental issue in cooperative
control, and its focus is on designing protocols to ensure
that the states of all agents converge to a common value.
At present, a large number of studies have investigated
the consensus problem from different perspectives, such
as the leaderless consensus'™ and leader-follower
consensus "7 .

However, most of the existing studies are based on
cooperative networks, where the communication weights
between agents are nonnegative. In fact, agents may also
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have competitive relationships, such as social networks' '
and trust networks'”'. Altafini'""" creatively proposed the
concept of bipartite consensus on a signed graph, where
positive and negative weights represent cooperative and
competitive  relations, respectively.  Subsequently,
growing research interest has been directed toward
bipartite consensus ™', Group consensus is also an
important clustering behavior that can be achieved on a
signed graph, where agents are partitioned into multiple
subgroups, and different subgroups reach distinct
consensus states ', Although bipartite consensus and
group consensus share some similarities, their
requirements  for  topology  differ  significantly.
Specifically, to achieve bipartite consensus, the structural
balance condition of the communication topology is
essential. The topology for group consensus typically
requires the inter-group condition or possesses an acyclic
partition structure. Moreover, agents within the same
subgroup still only have cooperative relationships.
Liu et al.""”) combined group consensus and bipartite
consensus to further propose the concept of group-
bipartite consensus, where agents within the same
subgroup can also have competitive relationships. In
Ref. [ 18], the group-bipartite consensus of heterogeneous
MASs was investigated, where the global topology was
only required to satisfy the structural balance condition.
The consensus discussed in the aforementioned
literature pertains to asymptotic stability, where
convergence is achieved as time approaches infinity.
However, in practical engineering applications, the
system must reach consensus within a finite time. Lu
et al."" studied the finite-time group-bipartite consensus
of second-order nonlinear MASs by using the
homogeneous dilation method. Zhou et al."”™" investigated
the finite-time lag-consensus problems of second-order
multi-agent networks that have inherent nonlinear
dynamics and bounded external disturbances. Hao et al.™"
explored the fixed-time group consensus of nonlinear
MASs via pinning control. For finite-time consensus and
fixed-time consensus, the upper bound of the
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convergence time depends on the initial values of the
system. Although the upper bound of the convergence
time for fixed-time consensus does not depend on the
initial values of the system, it typically depends on
system parameters. By contrast, the settling time of
prescribed-time consensus is a predefined constant, which
makes it more practical. Ren et al. "' discussed the
prescribed-time lag consensus of second-order nonlinear
MASs, and extended the results to the cluster lag
consensus problem. In Ref. [ 23], a novel time-varying
function-based control scheme was developed to achieve
prescribed-time bipartite consensus. Zhao et al. "
investigated the appointed-time and attack-free bipartite
synchronization problem for generic linear MASs and
proposed an innovative prescribed-time bipartite consensus
protocol. Lv et al."™ studied the prescribed-time leaderless
and leader-follower consensus for single-integrator MASs
over both fixed and switching topologies.

Inspired by the above studies, we investigate the
prescribed-time group-bipartite consensus for second-
order nonlinear MASs over a directed signed graph.
Compared with the existing results, the contributions of
this study are as follows.

1) Different from the finite-time group-bipartite
consensus shown in Ref. [ 19 ], we studied the
prescribed-time group-bipartite consensus. For two
different topological structures, we designed two distinct
control protocols, each enabling the system to achieve
consensus within a prescribed time.

2) Compared with the linear systems studied in
Refs. [17] and [ 18], we considered second-order
nonlinear MASs, which were more general. Moreover,
as special cases, the prescribed-time group and bipartite
consensus of second-order nonlinear MASs could also be
addressed by the control protocol in this study.

3) Compared with Ref. [ 22 ], we adjusted the
method of parameter selection, thereby reducing the
computational burden.

The rest of this paper is organized as follows.
Preliminaries on the graph theory and the statement of the
related consensus control problem are described in Section 1.
The main proof and corresponding results are presented in
Section 2. Numerical simulation examples are shown in
Section 3. Conclusions are drawn in Section 4.

Notations: R" denotes an n dimensional Euclidean
space; R"™ is an n x m dimensional matrix space; 1, €
R" represents an n-dimensional column vector with all
elements equal to 1; M is the transpose of matrix M ; for
amatrix MeR", A . (M) and A (M) are the smallest
and the largest eigenvalues of M, respectively; diag(a,,
a,, -+, a,) denotes a diagonal matrix; blkdiag(A,,
A,, -, A,) is a block diagonal matrix; for matrix M,
M > 0 means that M is positive definite, and |M||
denotes the Euclidean norm of matrix M; sgn( - ) is a
sign function, sgn(x) =1, if x > 0, sgn(x)=—1,ifx <

min max

0 and sgn(x) =0, if x = 0; exp ( - ) refers to the
exponential function.

1 Preliminaries and Problem Formulation

1.1 Preliminaries

For a given MAS, suppose that the communication
topology between agents can be represented by a directed
graph ¢=(vy, &, A), where V = {1, 2, ---, N} is the
vertex set and & & V x V is the edge set. A = [a; ],
denotes the weighted adjacency matrix of G. If there
exists an edge (j, i) € &, the elementa, # 0; otherwise,
a; =0. A directed path from i tojin G is a sequence of
edges (i, 1,),(i,, i,), -, (i, j), where i,, i,, =+, i,
are distinct nodes. If there exists a directed path between
any two vertices, then the graph ¢ is said to be strongly
connected.

Definition 1" A connected signed graph ¢ = (V,
e, A) is structurally balanced if the node set V can be
partitioned into two subsets as {V,, V,| such that V, U
V, =V and V, NV, =@. For any two nodes i and j, a; =
0, if i andj are from the same setV,, k=1, 2; otherwise,
a; <0.

Lemma 1  Suppose that the connected signed
graph G = (V, &, A) is structurally balanced with the
partition {V,, V,| according to Definition 1. Then there
exists a diagonal matrix D =diag(d,, d,, -+, dy), d, =
1,ifj e Vyandd, == 1, ifj € V,, such that DAD has all
nonnegative entries.

In this paper, the graph G = (V, &, A) is adopted to
describe the communication topology among N followers.
, N} can be
partitioned into different subsets {V,, V,, ---, V,} such
that UV, =V and V, NV, = @ for p # ¢. Without

loss of generality, each V; is indexed as V; = {M

Suppose that the node set V = {1, 2, -

i-1 + 1’

M_, +2, -, M}, whereM,= Y N,,i=1,2, -, m,
k=1

M, = 0. Here, N, denotes the number of nodes contained
in the subset V, for each £ = 1, 2, ---, m. By the

completeness of the partition, we naturally have
k=

N. Let G; denote the underlying topology of the node

N, =
1

subsets V;, i =1, 2, ---, m. Then the adjacency matrix A
can be rewritten in a block matrix form as
A 11 A 12 A 1m
A= A21 Azz A2m (1)
Aml AmZ o Amm

where A, € R is the adjacency matrix of , and
A e R"Y

i communication

represents  the weights

between agents in V; and V. For leader-follower
consensus, suppose that each group has one leader, and
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for convenience, the leader of V; is labeled with index
N +i. Denote the leader set asV, = {N+1, N +2, -,

N + m!. Let i € V, denote the leader of the group to
which agent i belongs, i.e., Vi eV, k e {1, 2, -+,
m},if i eV,, then i = N + k. The graph G, is the
underlying topology of the node setV; U {N + i}, i=1,
2

m.

The neighbor sets of agent i are defined as N, =
UG 0 ee, i=jland N =1{j[(j, i) €&, i#jl.
N; represents the set of neighbors of agent i where all
agents in this set belong to the same subgroup as agent i,
while V! represents the set of neighbors that belong to
subgroups different from those of agent i.

Define B = blkdiag(B,, B,, ---, B,), B, =

diag<bM._]+l’ bM_l+2’ Ty bM.)9 i: 13 29 ) m. If the

agent i can receive the information from the leader i , then
b, > 0; otherwise, b, = 0.

Without loss of generality, we take =0 s as the
initial time instant. A time-varying function used for the
controller throughout this paper is defined as

w(t, T),te[0,T),

“’(t’D:{ 0,te[T, +o),

(2)

where T > 0 is a prescribed time. Fort € [0, T),
m(t, T) and its primitive function w(¢, T) satisfy the
following conditions ;
1) u(t, T) and u(t, T) monotonically increase;
2)0 <u(0,T) <+ and0 < &(0, T) <+ oo
3)u(t, T) >+ o and u(t, T) >+ = ast — T;
4) ltiry,uz(t, Tyexp(—ki(t, T)) <+ o, Yk > 0.
We choose w(t,T) = 6/(T = ¢) and u(t,T) =
- 6ln(T -t) + C, where C > 0 is chosen sufficiently
large to maintain w(0,7) > Oand # > 2 is a constant. It
is straightforward to verify that u(z, T) and u(¢,7T)
satisfy the above conditions. Correspondingly,
0/(T-t),te[0,T),

o(r, T):{O,ze[T, + ). (3)

]

Lemma 2"’ Consider the following system

i) =g(t, x(1)), (4)

where x(t) € R" is the state for the system; g:[ 0,0 ) X
R"F— R"” is a nonlinear vector bounded in time. Let
V(t, x(t)) be a Lyapunov function of system (4) such

that V(¢, 0) =0, V(t, x(t)) > 0, Yx(t) #0. IfV
satisfies

V<-ko(t)V +bV, (5)
where b € R, k > 0, and ¢ (t) is defined in Eq. (3),

then there exist the following characteristics

{VSeXp(—k/I(t, T) +ku(0, T) +bt),t € [0, T), (6)
V=0,te [T, +x).

Lemma 3’ Let M € R" be a nonsingular
M-matrix, then there exists a diagonal matrix W > 0 such
that M'W + WM > 0.

Lemma 47" Let A,(A), A.(B), and A\.(A + B)
denote the eigenvalues of the symmetric matrices A, B,
and A + B, respectively, arranged in ascending order such

that
() sSA () s s A (). (7)

Then, for eachk =1, 2, -
holds .

A(A) + A (B) =AM(A+B) <A(A) +A,(B). (8)

, n, the following inequality

1.2 Problem formulation
Consider the following nonlinear
dynamics of followers can be represented as

%,(1) =v,(1),
o,(t) =u,(t) +f(t, (1), v(t)), i€V,

system, the

(9)

where x,(t), v,(t), u,(t) e R" are the position,
velocity, and control input of the agent i at time i.
f(t,x(t), v,(t)):[0, + ) x R" x R" — R" describes
the nonlinear characteristics of the system and satisfies
Assumption 1 to be given later, the leaders’ dynamic
equation is described as

(1) =v1)

(1) =f(e, w () v (0)), i e v, 0

Assumption 1
-f(t, x,, y,) =f(t, —x,, —vy,), and there always exist
r,, r, > 0 such that [[f(t, x,, x,) —f(t, y,, v,) | <
e p —

Remark 1 For simplicity, in this paper, we only
consider the one-dimensional case, i. e., n = 1.
Therefore, the absolute value is used instead of the norm
in Assumption 1. The higher-dimensional case can be
extended through the Kronecker product as well.

Assumption 2 Each sub-topology g, is structurally
balanced and strongly connected, and at least one

n
For any x,, x,, v,, v, € R",

follower in V; can receive the information from the leader
N + 1.

Under Assumption 2, for each sub-topology ¢, (i =
1,2, -+, m), the node subset V; of G; can be partitioned
into two subsets V;; and V,,, such that V;; UV, =V, and
Vi NV, = @. From Lemma 1, there exists a diagonal
matrix D, = diag(dMHH , dy, T dM’_) ,d, =1, if
k eVyandd, =-1ifk eVy, ke {M_ +1,M_ +2, -,
M.}, such that D,A,D, has all nonnegative entries.

Definition 2 @ The MASs (9) and ( 10) are
considered to achieve prescribed-time group-bipartite
consensus if, for any initial states and a prescribed time
T > 0, the following conditions are satisfied

,.71+2’
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IITHx,(z) +x{([) HZO’ VL 6171\15
xi(t) _xi(t) HZO’ VL Ev}cZ’
lif?HUi(t) +7);(t)H:0, Vievu,

lim|
t—T

IILI?HU,(L‘) _”;(t)H=0, VieV,, (11)

|2, (2) +x:(2)|=0, Vievy,t=T,
l|x,(t) —xi(Z)HZO, VieVe,t=T,
[v,(t) +0 (1) [|=0, VieVvy, t=T,
v, (t) —v(t)[[=0, YieVy, t=T,

wherei eV,, ke {1,2, -, m}.
2 Main Results

2.1 Casel

In this section, the problem of prescribed-time
group-bipartite consensus of MASs is discussed under the
constraint that each sub-topology ¢;, i =1, 2, -
structurally balanced.

, mis

The Laplacian matrix of  is defined as L =[1,] .y,
where
L. # j’
i =] (12)

— aij’

l"f - Z ‘aik + Zaikdkv

ke N kend
; ;

According to group partitioning, the Laplacian matrix can
also be rewritten in the form of a block matrix

L, L, L,
L= Lf‘ sz Lf’” ,L, e R™Y. (13)
L, L, = L,
Assumption 3 Zai]d] =0,YieVv\V, ke ll,

i€V,
2, -, ml.
Lemma 5 Under Assumptions 2 and 3, Vi € {1,
-+, m}{ , there exists a diagonal matrix

w29 7T pM,.) >0’ (]4)

such that (L, +B,)"P, +P(L, +B,) > 0.

Proof If Assumptions 2 and 3 hold, Vi € {1,
2, -, m}, D(L, + B,)D, is a nonsingular M-matrix,
then from Lemma 3, there exists a positive diagonal
matrix P, =diag(pMi_I+1 s Pu,_ ey pM,») , such that

2

’

P‘. = diag(pMii 19 pMI;

I+2’

Di<Lii * Bi)TDiPi + PiDi(Lii + Bi)Di =
D,[(L,+B,)'"P,+P(L,+B,)]D, >0. (15)
From the definition of matrix D, and the matrix
similarity, it can be obtained
(L, +B,)'P, +P(L, +B,) > 0. (16)
The prescribed-time control protocol for MASs (9) and
(10) is designed by

u, = —ap(1)’[e, Y, a;(sgn(a;)x, —x;) + Y a;,(dx, —x;) +

jen: jen!
b (x, - d’.xi—)] - a¢(t)[ci z aij(sgn(atj)yi - v/) +
jEN;
Y oa(dp, = v) +eb(v, - dw)], (17)
jen!
wherea > land ¢, > 0, and ¢ = 1, 2, -+, m are

parameters to be designed later. For simplicity, define the
following three auxiliary error variables: e, denotes the
position error of agent i, e, denotes its velocity error, and
e denotes the nonlinear dynamic error, i.e.,

e, =%, —dx;,
e, =v; —du, (18)
€ :f(xi9vi,) _dif(x;’vlf), i E]j’

- T —
ande, =(e,, e,, =, e,) ,€ = (evl s €y T
= e T
e, =( €y €y e )
Define U = (u,, u,, -+, uy)', and under
Assumption 3, U can be written in compact form

U= - ag*(1)He, — ag(1)He,, (19)
where
(L, +B) L, .
H= L alla *B) - L, . (20)
L, L, - c(L,+B,)

Consider the following state transformation
éti:go(t)eti’ ni:em‘,’ievra (21)

and §: (51 ’ 52’ ) f;\")Tv 1] = (7]1 ’ 772’ ) n;v)'["
Taking the derivatives of & and n along the MASs (9)
and (10), then the error systems are

§=0(1)§ +o(1)m,
{17 =-ap(1)HE —ap(1)Hn + e, (22)

where
_[e(r)/0, te[0,7),
(p(t)_{ 0, te [T, +x). (23)
Theorem 1  Suppose that Assumptions 1-3 hold;

for any given time 7" > 0, the prescribed-time group-
bipartite consensus for the MASs (9) and (10) can be
achieved within time T by the control protocol (17). If
for alli eV, there existe, > 0,i=1,2, -, m, a > 1,
and 6 > 2, satisfy the following conditions;

e (B + A, > 2A (P), (24)
Y, <0, (25)
72 < Oa (26)

where

¥, = (2a =ab) A, (1) + A, (P),

min
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Y, == abA, () + (1 +26)A,,.(P),

=Pi(Lii +Bi) + (Lii +Bi)TPi’

PL,+L)P,

H - blkdiag(c,(L,, + B,), ¢,(L,, + B,), -,

¢,(L,, +B,)),

I=PH+H'P=II +
blkdiag(c,5,, ¢,5,, -

al’ P
P P’
P=blkdiag(P,, P,, -+, P,), and P, is defined in Lemma 5.

Furthermore, for each follower i, the input u, is bounded.
Proof Based on Lemma 4, we get

() > A, (I +
A, (blkdiag(c, 5, , c,5,, - (28)

If we choose appropriate parametersc, > 0, i =1, 2, -+,

min

n
Ld

= )
> Cm‘-'m ’

0 (27)

A

min

s Comm .

m such that condition (24 ) is satisfied, then the
following equality holds
Ao () > A (D) + A, (blkdiag(e &,

CZE'Z’ Tty CmE'm)) > 2/\max(P) > 05 (29)

which means I' > 0. Sincea > 1, we can getal — P >
0, then £2 > 0 is guaranteed. Construct the Lyapunov
¢

function as
1
ey
z[f,nJ nl

then V= 0and V = 0 if and only if ¢ =0 and n = 0.

(30)

derivative of V along the solution of system (22) yields

206 + o)

e, —p(t)HE — ¢ (t)Hn
gtz + g by + o (n'Py -

ap(t)
2

V=1[¢&", nT][[{ ﬂ

aﬁp(t)gTFg_

5 n'In + (£ +n')Pe, . (31)

<

==

Noting that 1/¢(t) T/0, and based on Young’s
inequality, it can be concluded that

v
(§T +77T)Pef = 2P5<§z + ni)efi <
=1

v
2 &L+ I D Griles |+ nle,]) <
pi‘,[ri1 M+, m, 2+(r2+r71) ElInll=
() o e(t) ' '
T Mg 2 My, (32)
and
v ’
£'Py = ;pém < ;p,; &l |<

>, e = S (EPE Py, (33)

Substituting the inequalities (32) and (33) into (31)

2""771’

Consider the time interval [0,7), taking the time yields
. 2a — ab 1 a 1+26 3Tr, + 0r 360r, + Tr
V< ' ( )F+—P + ! ——F+( )P +(7' 2) P, +(72 ') Py <
()¢ [ 8 29 }f e(t)n 5 28 Uj > 23 > Uj
(2a —ab)A (') +A_(P) 3Tr, + 6r,
¢ T min max + ( ) TP +
e(1)é { 20 3 Y & PE
—abr () +(1+20)A_(P) 36r, + Tr
t T min max +( 2 1) TP . 34
e(t)n { %8 Uj T U] (34)
According to Eq. (30), it can be obtained that e 4ele < y(£E +q'n) < 2yV <
A, (42) A, (2) ‘ ’ A, (42)
"“'"T(ng +n'p) SV< %(55 +n'n).  (35) 2yexp( — ku(t,T) + ku(0,T) + bt) (38)

Combined with inequalities (34) and (35), if conditions
(25) and (26) hold, one gets

V<-ke(t)V+bV, (36)
where
k = 2 M 1’1’111’1{ - 71/265 - ’}/2/20}/)\"““(!2) ’
3Tr, +6r, 3T6r, + Tr, (37)

b= 2- max{ , } /A, (02).
26

Thus, from Lemma 2, V < exp( - ku(z, T) +
ka(0, T) + bt).
Noting that ¢ (¢) = 6/T and lir? exp( — ku(t,T) +

kw(0,T) + bt) =0, the following inequality holds

A (£2)
where y = max{T°/6°, 1}. Thus, whent — T, we have
thate, > 0 ande, — 0. Fort € [T, + o ), it can be
obtained that VV = 0, which implies thate, = 0, e, = 0.
That is, the prescribed-time group-bipartite consensus is
achieved within time 7 according to Definition 2.

Next, we will prove that the control input is
bounded. Fort € [0, T),
1U’=ag’(¢) | HE + Hy " < ap’(0) [|HI] (1§ +n [P <
ag®(0) [HIP 1V CIEI + lm [P + 2 nl) <

2 2 2 2 <4a§02(t)HHH2 -
2a@°(t) [HIPCIEN" + lm ") < WO V<
4al| H| @ (1)exp( = ku(t, T) +ku(0, T) +bt)V(0).

A, (€2)
(39)
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Since lir? w(t,Tyexp( — k(t,T)) <+ oo, it is

obvious that | U is bounded. For: e [T, + « ), we
have proved that e, = e, = 0, and thus U = 0 can be
derived from Eq. (19). The proof is completed.
2.2 Case 2

In Case 1, each sub-topology G;, i =1, 2, -+, mis
structurally balanced. To satisfy Assumption 3, the whole
topology cannot be structurally balanced. To address this
limitation, we have incorporated the leader’ s dynamic
model into the controller design, thereby relaxing the
constraints on the communication topology requirements.

Assumption 4 The digraph § is structurally
balanced and strongly connected.

Assumption 5 The sets satisfy V; eV;,i= 1,2, -,

m,andj= 1, 2.
The new Laplacian matrix is defined asL =[1, ] .y,
where

Y la,l,i=],
Ly =4y (40)
i # .

_aij’

Define H =L + B , then we have Lemma 6.

Lemma 6% DHD is a nonsingular M-matrix,,
and similar to the proof of Lemma 5, there exists a

positive diagonal matrix @ > 0, such that A = Qﬁ +
H'Q > 0.
The prescribed-time consensus is described by

u, = - o(1)’al Z%(Sgn(%)xg - x].) - del"fxf +b,(x, - dix;” -

jev jev

o(t)al Zaij(sgn(aﬁ)vi —v;) - delifv/ +b,(v, —dw:) ], (41)

jev jev
where @ > 0is a parameter to be designed later.

Similar to Case 1, the following error system can be
obtained

E=D(E + Do(t)y,

_ _ (42)
N =—ap(t)HE —ap(t)Hn +e, .

Theorem 2 Under Assumptions 1-2 and 4-5, for
a given time T, the prescribed-time group-bipartite
consensus for MASs (9) and (10) can be achieved
within time T by the control protocol (41), if for all
i €V, there exists @ > 0 which satisfies the following
conditions :

ak,,(A) >2A,(0), (43)
v, <0, (44)
Y, <0, (45)

where

v, = (2a —ab)A,,(A) +1,.(Q),
Y2 == @A, (A) + (1+20)4,,(0), (46
A 0
A= [“ }
0 0
Furthermore, for each follower i, the input u, is

bounded.
Proof Construct the Lyapunov function as

n

According to condition (43), V= 0and V=0 if and only
if € =m =0. The proof that follows is similar to that of
Theorem 1, and hence we omit it.

Ve lg wialt|. (47)

3 Simulation Examples

In this section, two simulation examples are
provided to verify the effectiveness of control
protocols. We take the same nonlinear function as f( ¢,
%,, v;) = sin(x,(t) + v,(t)), and then we can get
r,=r,= 1.5.

3.1 Example 1

Consider an MAS with 12 agents, and the
communication topology between agents is shown in
Fig. 1. The followers are divided into three groups asV, =
{1,2t v, =1{3,4,5,6l,andV; =1{7, 8, 9}, where
agents 10, 11, and 12 represent the leader of V,,V,, and
V;, respectively. Set T=5 s, and we can verify that
conditions (24) —(26) in Theorem 1 are satisfied when
choosing § =5, ¢, =5, ¢, =16, ¢, =8, and a = 24. The
initial values are taken as

x(0)=[5.5, -4.0,3.8, 1.1, —2.0, —8.7, 5.6,
-3.2,2.1, -8.5, -8.2,5.9]",

y(0)=[4.8, =7.9, =7.4, 1.0, —0.3, 7.8,
5.9,4.6, -8.9,8.8,3.6, —7.3]".

710 Lo

Fig.1 Communication topology in Example 1

The trajectories of the position and velocity of all



Prescribed-Time Group-Bipartite Consensus for Second-Order Nonlinear Multi-Agent Systems 139

agents are shown in Fig. 2. The tracking errors of
followers are presented in Fig. 3. As shown in Fig. 3, the
tracking errors of the position and velocity of all followers

converge to zero within 7=5 s, which means that all
agents can achieve group-bipartite consensus within the
prescribed time 7=5 s.
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Fig.2 System trajectories in Example 1 with 7=5 s; (a) trajectories of position; (b) trajectories of velocity
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Fig. 3 Tracking errors of followers in Example 1: (a) position errors; (b) velocity errors

3.2 Example 2

Consider an MAS with nine agents, and the
communication topology between the agents is shown in
Fig.4. The agents are divided into two groups asV, = {1,
2,3} andV, = {4, 5, 6, 7|. Agents 8 and 9 represent
the leaders of V, and V,, respectively. Choose 8 =4, a =
4, then conditions (43 ) — (45) in Theorem 2 are
satisfied. The initial values are taken as
x(0)=[3.6, —4.4, —9.4,88,0.6,3.4,2.1,3.6,4.4]",
{v(0)=[4. 1,9.2,45,7.1,98,51, -7.2,5.1,9.6]".

The trajectories of the position and velocity of all
agents are shown in Fig. 5, and the tracking errors of
followers are presented in Fig. 6. As shown in Fig. 6, the
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Fig.5 System trajectories in Example 2 with 7=5 s:

tracking errors of the position and velocity of all followers
converge to zero within 7=35 s, which means that all
agents can achieve prescribed-time group-bipartite
consensus within 7=5 s.
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Fig.4 Communication topology in Example 2
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Fig. 6 Tracking errors of followers in Example 2: (a) position errors; (b) velocity errors

4 Conclusions

The problem of prescribed-time group-bipartite
consensus of second-order nonlinear MASs is studied. In

Case 1,

each sub-topology is structurally balanced.

However, due to the constraints of the inter-group

balance condition,

the overall topology cannot be

structurally balanced unless there is no communication
between the different groups. To overcome this problem,
leader dynamics are introduced into the controller, so that
only the overall topology needs to satisfy the structural
balance condition. Finally, the effectiveness of the results
is verified through two numerical simulation examples. In
future research, we will consider the prescribed-time
group-bipartite consensus under switching topologies.
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