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Abstract: This paper studies the global leader-following consensus problem for a multi-agent system with intermittent directed
communication in the presence of actuator saturation. Both the follower agents and the leader agent are described by a chain
of integrators of an arbitrary length. A bounded consensus algorithm is constructed for each follower agent which utilizes the
information obtained from the communication network intermittently. Global leader-following consensus is achieved by the
consensus algorithms when the communication topology among all agents, when active, contains a spanning tree rooted at the
leader agent. Simulation results illustrate the theoretical conclusions.
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1 Introduction

As a fundamental problem in the study of cooperative
control of multi-agent systems, consensus of multi-agent
systems has drawn much attention over the past decades.
Numerous results have been obtained pertaining to various
agent dynamics and communication topologies [1-7].

More specifically, consensus for single-integrator systems
was achieved under a jointly connected switching undirected
communication topology [1]. Reference [2] relaxed the as-
sumption on the communication topology in [1] to a weaker
assumption that the union of the switching directed graphs
contains a spanning tree frequently enough. Reference [3]
further extended the single-integrator results of [2] to agents
represented by higher-order systems under the same network
connectivity assumption in [2]. For agents with general
linear dynamics, the leader-following consensus problem
was achieved under a fixed connected undirected topology
in [4]. Reference [4] also achieved consensus of marginally
stable linear systems under a jointly connected switching
undirected graph. Reference [5] studied the discrete-time
counterpart of [4]. Reference [6] relaxed the assumption on
the communication topology in [5] to a jointly connected
directed communication topology. Reference [7] designed
fully distributed consensus protocols for general linear sys-
tems under the assumption that the communication topology
contains a directed spanning tree.

Actuator saturation is ubiquitous in real world control
systems and degrades the performance of the closed-loop
system. In a severe case, it may even destabilize the
system. Over the past decades, much research effort has
been devoted to solving the consensus problem for multi-
agent systems in the presence of actuator saturation [8]. It
was established that global stabilization of linear system
subject to actuator saturation can be achieved only when
the linear system is asymptotically null controllable with
bounded controls (ANCBC), that is, when it is stabilizable
and all its poles are in the closed left-half plane [9]. In
view of this fundamental result, the study of the consensus
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problem, in the presence of actuator saturation and under
various communication topologies, has mainly focused on
multi-agent systems where the agent dynamics are ANCBC
[10-14].

For a group of single-integrator systems, global consensus
was achieved when the communication topology contains a
directed spanning tree [10]. For a group of double-integrator
systems or a group of neutrally stable linear systems, global
consensus was achieved by linear feedback under a directed
topology that is strongly connected and detailed balanced
[11]. Reference [11] also established results for these two
classes of systems under a switching undirected topology.
Reference [12] considered the discrete-time counterpart of
[11] under a connected undirected communication topology.
For general ANCBC agent dynamics, linear feedback was
designed using the low gain feedback design technique [15]
to achieve semi-global consensus under either a connected
undirected or a jointly connected undirected topology [13].
Later, global consensus for general ANCBC agent dynamics
was achieved by nonlinear control laws when the communi-
cation topology is strongly connected and detailed balanced
[14].

A common constraint that exists in the communication
network is that the information cannot be transmitted con-
tinuously under some circumstances such as sensor failures.
Some works have been carried out on solving the con-
sensus problem for multi-agent systems under intermittent
communication [16-21]. Most of these works focused on
first-order systems [16] or second-order systems [17-19]
under either a connected undirected or strongly connected
directed communication topology. Reference [20] studied
the consensus problem for a group of general linear systems
with periodic intermittent communication through a directed
topology containing a spanning tree. In [21], actuator
saturation was taken into consideration when solving the
semi-global consensus problem for a group of ANCBC
systems with periodic intermittent communication through a
connected undirected communication topology by using the
low gain feedback design technique [15].

Differently from the aforementioned papers, where the



agents are either in simple dynamics or the assumption on
the communication topology is strong, we aim to solve the
problem of global leader-follower consensus of a group of
multiple-integrator systems in the presence of actuator sat-
uration via aperiodically intermittent communication. The
communication topology, when active, contains a directed
spanning tree rooted at the leader agent. The consensus
algorithm for each agent utilizes the information of other
agents obtained through multi-hop paths in the communi-
cation network intermittently. Global consensus is achieved
by these consensus algorithms.

The contributions of this paper are summarized as fol-
lows. Compared with the existing results on the consensus
problem for multi-agent systems in the presence of actuator
saturation, where either a connected undirected graph [12,
13, 21] or a strongly connected detailed balanced directed
graph [11, 14] is assumed, our assumption on the commu-
nication topology is relaxed to a directed graph containing a
spanning tree. Such a relaxation is nontrivial and is made
possible by a judicious choice of nonquadratic Lyapunov
functions quite different from those in the aforementioned
papers. The second contribution is the consideration of
actuator saturation while the communication is intermittent.
Unlike in the situation when actuator saturation is absent
[16-20], actuator saturation limits our ability to intensify
the control effort while the communication is active. The
third contribution lies in the relaxation on the intermittent
property of the communication. A common limitation of
the existing works is the restriction on the communication
ratio, the infimum of the ratio between the time period of
a connection and the time period of a disconnection that
follows. In [17, 18, 20, 21], consensus can be achieved if the
communication ratio is greater than a threshold value, which
is determined by the agent dynamics and the communication
topology. In our work, the ratio can be any positive number,
independent of the agent dynamics and the communica-
tion topology. Finally, compared with [21], where semi-
global consensus is achieved over an undirected topology,
we achieve global consensus over a directed communication
topology.

Organization. In Section 2, we recall some preliminaries
in graph theory. We then state the problem of global
leader-following consensus with intermittent directed com-
munication in the presence of actuator saturation in Section
3. In Section 4, a consensus algorithm is constructed
for each follower agent. These consensus algorithms use
the information of other agents obtained through multi-hop
paths in the communication network intermittently. The
number of hops is no greater than the length of the chain
of integrators. Global leader-following consensus is then
established. Simulation results are presented in Section 5.
A brief conclusion is drawn in Section 6.

Notation. 1y = [1 1 1]" € RY. For a symmetric
matrix A € R"*" \(A) and \(A) represent its maximum
and minimum eigenvalues, respectively. For two matrices A
and B, A ® B denotes their Kronecker product. A positive
matrix A € R"*™  where all its entries are positive, is
denoted as A > 0. For two integers ki and ko, Ik, ko] =
{kl, kl + 17 R ,kQ}, if kQ 2 kl, and I[kl, kQ} = {k’l, ]Cl —
1,--- ,kQ},ifkl > ko.

2 Preliminaries

Let the communication topology among a network of NV
follower agents be represented by a graph G = (V, £), where
V = {v1,va,--- ,vn} is a finite nonempty set of N nodes,
each representing a follower agent, and £ C V x V is the
set of edges of the graph. An edge (v;,v;) indicates that
agent j has access to the information of agent 7. Agent 7 is a
neighbor of agent j if (v;,v;) € €. Let A = [a;5] € RNV
be the adjacency matrix associated with G, where a;; > 0
if (vj,v;) € £ and a;; = 0 otherwise. Here we assume
that a;; = 0 for all 7 € I[l,N]. Let £ = [l”] e RN
be the Laplacian matrix associated with A, where [;; =
Zév:l,j#i Qi and l7] = —Q4y when ¢ 7é ]

Besides the IV follower agents, there exists a leader agent,
labeled as agent vg. The communication between follower
agent ¢ and the leader agent is denoted as a;g, where a;g > 0
if follower agent ¢ has access to the information of the leader
agent and a;o = 0 otherwise. Let G be a graph which con-
sists of graph G, node vy and the edges between the leader
agent and its neighbors. Let the Laplacian matrix associated
with G be denoted as £. Then, £ can be partitioned as

- [o oy
e-[5 %]

where ag = [a10 a2 --- ,ano]" and M = L + diag{aio,

a0, ,ANO}-
Lemma 2.1 /2] 0 is an eigenvalue of L and all of the
nonzero eigenvalues of L are in the open left half plane.

Furthermore, 0 is a simple eigenvalue of L if and only if
G contains a directed spanning tree.

Lemma 2.2 [7] If G contains a directed spanning tree root-
ed at the leader, A = U M+ M"U > 0, where ¥ =diag{ty,
wZ» o ﬂ/JN} with [1/}171/}27 e awN]T:(MT)il]-N > 0.

3 Problem Statement

Consider a group of N follower agents, each being de-
scribed by a chain of integrators of length n,

i; = Az; + Bu;, 1€ I[1,N], €Y
where x; = [I“ Zi2 xinr € R" and u; € R, with
|t;] < Umax, fOr some positive scalar .y, are respectively
the state and the control input of agent ¢, and

oOo10 --- 0 0
o011 -0 0
A=l o | B=]
000 -1 0
oOoo0 o0 -0 1

nxn nx1

The leader agent is described by,
j)o = Amo, (2)
where g = [z01 To2 ‘- Zon|" € R™ is the state.

In this paper, we consider a multi-agent system consisting
of the group of follower agents (1) and the leader agent
(2) and operating on an underlying communication net-
work. The communication network is active intermittently
as shown in Fig. 1, where [tg,tx+1), £ = 0,1,2---,
are nonempty, non-overlapping time intervals with ¢y = 0.
For £ = 0,1,2,---, t; is the beginning of a connection,
Tk > €0, for any positive scalar ¢, is the time period when
communication network is active and 7y, = tp41 —t — 7% <
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Fig. 1: The intermittent communication illustrated by a;; (¢),
i € I[1,N], j € I[0, N].

0, for any positive scalar 6, is the following time period
when communication network is inactive. The intermittent
communication is illustrated by a;;(t), ¢ € I[1,N],j €
I10, N, where a;;(t) = a,; if the communication network
is active and a;;(t) = 0 if the communication network
is inactive. The communication topology, when active,
satisfies the following assumption.

Assumption 3.1 The directed graph G contains a spanning
tree rooted at the leader agent vy.

The problem we are to solve is to design a bounded
consensus algorithm wu; for each follower agent ¢, which
uses only the information obtained from the communication
network intermittently, such that, for all initial conditions
1’1(0) ER”, 1 EI[O, N],tlggo(xz(t)—xo(t)) =0,7 € I[l, N]

4 Main Results

Denote the difference between a state of a follower agent
and the corresponding state of the leader as &;; = x;; — oy,

IS I[l,n],z (S I[I,N], and let jji = [i‘ﬂ fig cee iin]T,
i € I[1, NJ. It then follows from (1) and (2) that
i; = A& + Bu;, i€ I[1,N]. 3)
Letx = [.i‘Tl i‘; .i’;]T with Z; = [i‘ll Top « - .i‘Nl]T,l €
I[1,n], and u=[ujug - - - uy]" It then follows from (3) that
t=(A®IN)%+ (B®Iy)u. “4)

To construct the consensus algorithm for each follower
agent, we carry out a state transformation on system (4).
Let x be a positive scalar whose value is to be determined
later and T' = [T;;], where, for i € I[1,N], T;; = Onxn,
j e I[1,i, and Ty; = C' I (kM) 9, j € I[i 4+ 1,n] with
Cl = #iq)!. The non-singularity of T' follows from the
non-singularity of M, which is implied by Lemma 2.1. On
the new state * = T'z, system (4) takes the following form

i=(AaM)z+ (B Iy)u, ®)
where T = [Z] 75 --- Z,,]" with &; = [Ty Top -+ T,
[ € I[1,n], and

0 kK kK K 1

0 0 K 1

A=t o ,B=|:
0 0 0 - kK 1
O 0 O 0 nxn nx1l

With the consideration of intermittent communication, we
construct a bounded consensus algorithm for each agent 1,
i € I[1, NJ, as follows,

n N
Uz‘(t)Zal<€<zaij(t)(fil(t)fjl(t))+aio(f)fil(t)>>,(6)
=1 j=1

where a;;(t), i@ € I[1,N], j € I[0,N], are as defined in
Section 3 and 0; : R — R is a saturation function defined
as 0;(s) = sign(s) min {|s|, A;}. It is noted that the control

input of agent i, 7 € I[1, N|, is bounded by |u;| < >, Ay,
where Ay, 1 € I[1, n], satisfy the following conditions,

— -1
AW 22 (¥
A A2 3P IMI 3 A, 1€ IT,n,

n
Z Al S Umaxy
=1
for some positive scalar Ag.

Remark 4.1 There exist A;, | € I[0,n|, that satisfy (7).
Let A be a positive scalar satisfying A € (0, umax) and
p* € (0,1) be a positive scalar satisfying p* < min (1—
A \/Awwg ) Choose A — p—IA,
mex? (AN 22X (0| M|
1 € I0,n]. Then (7) will be satisfied for any p € (0, p*).
Let P; > 0 be such that
(A= kBB")@M)'Pi+P((A- kBB @M)=—-1I, (8)
and P, > 0 be such that
(AQM) P+ Py (AR M) —72Py = =721, (9)
where v = px with > 0, whose values is independent of
% and to be determined. In (8), (9), and later in the paper,

I is an identity matrix of compatible dimensions. We first
present the following lemmas.

@)

Lemma 4.1 There exist positive matrices Py > 0 satisfying
(8) and P, > 0 satisfying (9). Also, Py = 1Py and Py = P,
where Py > 0, independent of k, is the solution to

((A-BBYeM) Pr+Pr ((A-BBYeM)=-1, (10)
and Py > 0, independent of k, is the solution to

(A@M) P, + P (A@M) —uPy = —pl, (1)
with A = %fl.

Proof: Since

o kM —kM -0
(A— kBB @M =
kM —kM M

and all the eigenvalues of M have positive real part, the
matrix (A — kBB") ® M) is Hurwitz and therefore P,
exists.

Equation (9) can be written as

(A@M—%I)TP2+P2 (A@M—%I) — ol

Since

—B2I kM - KM

) 0 —2] ... rM

A®M—%I: 2 B
0 0 —2

the matrix (A® M —221) is Hurwitz and therefore P, exists.
Since A = 14, A— BB = 1(A — kBB"). Equation
(10) can be written as
- _ 1- 1., - __
(A—kBB")®@M)" ~Pr+—Py (A=kBB)aM)=-1I,
By (8), we get P; = L P;. Equation (11) can be written as
(A X M)TPQ + pg (A X M) — ’}/ng = —’yQI.



By (9), we get P, = Ps. g

Lemma 4.2 There exists a sufficiently large x* such that, for

any £ > K%, o —2Ilnp > 9, 1=0,1,2,---, where d is a
sufficiently small positive scalar, p = max {%7 igg; }
and oy = 1y1 — Tiye, 1=0,1,2,--- [ withy, = X(}D 3

1

Proof: Let u € (0, 2{7}9,)0}. By Lemma 4.1, we have
1
K _ rX(P2)  A(P1) %
" B and p = max{ A(Pf) ,@(1—;2)}. Let k* >
Ky = %E%EE ;; Then p = '1’\((1%). Since 7; < # and
T1>€0,0=0,1,2---, for any positive scalars £y and 0,
ap—2lnp :Tl’}/l —Tiv2 —2Inp
_ (P
A(P) O;L)F; 2lnk—21In XL
ok 1 AMP2)
2( ey~ ln 555 )
Since
Y
lim — 2Py, SOF = 400,

n~>ooln /<c+ln )\EPzg K—00 4)\(P1)
there exists a sufficiently large " > &7 such that, for kK > £*,

(P .

4;0(;)—111& ln/\EPQ; >%, ie.,a—2Inp>4,1=0,1,2,---. 0
The following theorem establishes that global leader-

following consensus of the multi-agent system is achieved

under the consensus algorithms (6).

Theorem 4.1 Consider the group of follower agents (1) and
the leader agent (2). Let the communication topology, when
active, satisfies Assumption 3.1. There exists a sufficiently
large k* such that, for any k > k*, global leader-following
consensus can be achieved by the consensus algorithms (6).

Proof: Let z; = Zjvzl az-j(i"l-l — (Z’jl) + a;Zy, | €
I[l,n],i € I[l,N], zZ] = [le 2ol vt ZNl]T,l € I[l,n],
and z = [2] 23 --- 2I|". Then z; = Mz, 1 € I[1,n], and
z = (I ® M)z. From (5) and (6), we have

= (A@M)z+ (B M)u, (12)
or

21 = M(kzo + k23 + -+ + Kz + 1),

Zp_1 = M(/{Zn + 'LL),
2w = Mu,

n

— oi(kz1()),t € [Tk, tr + TK),
uy={ ~Z T tel ) (13)
0,te [tk —I—Tk,tk_;,_l), k=0,1,2,---
Here, we abuse the notation by using o;, [ € I[1,n], to
denote both a scalar valued and a vector valued saturation
function.
We first consider the evolution of z;,, which is governed by
5 (t): —Mon(mzn(t)) —|—wn(t), t e [tkﬂfk + Tk),
" 07te[tk+7-k7tk+1)7k:071127"'a

with w, (t) = —M 31" 01(k2(t)). Choose a Lyapunov
function candidate
Vi (zn) = 262, Yo, (k) —

where W is as defined in Lemma 2.2.
Vilzn) > kzhVWo,(kz,) > 0,

(14)

oy (kzn)Vop(kzn),

It is noted that
zn # 0. Then V, is

positive definite and radially unbounded with respect to z,.
Note that V,,(z,) is not differentiable everywhere. For each
i € I[L,N], let 20;, € {&2,—22}  The directional
derivative of o,,(kzin) at 20, along 2o, is given by
lim 0 (K20in + thZin) — on(K2oin)
t—0+ t
— G = {0, |I<J20,‘n + tliiin| > An,
o Héina

|’€ZOin + tﬁzzn| S A77,~
Let % be the directional derivative of o(kz;,) at 2,
along 2;,,. Then, we have

0 |kzin] > A
d . I m 7
% = Cina ‘szn‘ = An;

KZin, |Kzin| < Ap.

The derivative of V,, along the trajectory of z, can be
evaluated as follows,

) doy (K2 (t
Vi (t) = 265" () Wo (kza(t)) + M;(t)xpw
Ao (K2 (t
—20" (k2 (1)) WL En ) (Zj ®) (15)
T
where dan(znu)) da(gfln) da(gfzn) do(r;ﬁwn)} )

Fort € [tg,tp+71),k=0,1,2,- -, (15) can be continued as
Vi (£)=2k(— Moy (k20 () + wn (t)) W0 (k2 ()
+2(kzp(t) — an(fﬁzn(t)))T\Pw
==k, (K2 (1)) (MY + M) o (K2 ()
+2k0,, (K20 (1)) Twy (1)

— oz (1)) L)

Zn (t) ) Ywy, (t)

N
2 Yi(kzin(t)
i=1
=—k0, (kzn(t))Aon (kzn(t)) + 260, (
+2 Z i x 0% 7(10"5;%”)
|"'€Zin(t)|§An
+2 )
|kzin (t)|>A
S—=RA(A) lon(kzn (E)[H 26X (@) || ol zn ()] 1wn (8)]]

:—m<A>||an<mn<t>>Q|an<nzn<t>>||—i¥ff||w”<t) ')
<—RA(A)||on(r2n (t ))H

x (nan(mn( - 2@IMI

For t € [t + Tk,tk.}rl),k = O,l,2,~~~,
continued as V,,(t) = 0.

We next show that there exists an integer k,, > 0 such that
l6zn(®)|loo < A, fort € [tg,tpt1), k > kn. Lete, =
AMW)A2 and Ly, (cn) = {Vu(2n) @ Vi < c¢p}. For any
zn & Ly, (cn), we have V,, > ¢, and hence 2x22] Uz, >

Vi, > c¢,. Then, we have ||kz,| > /ﬁc&l = ,/%((‘1;’) A,

and [|o(kz,)|| >

Vi (Kzin(t) — on(kzin(t))) X 0

IMH > A) 06

(15) can be

A We claim that there exists a

finite integer k,, > 0 and a time instant ¢, € [tg, —1, %k, ),
such that z,(t,) € Ly, (¢,). We will show this claim by
contradiction. Suppose that z,(t) ¢ Ly, (c,) forall t > ¢,.
For ¢t € [tg,tr + k), K > kn, (16) can be continued as

2,\(\1/



follows,

Ve AW [ [A¢ \m 27(¥ ).M('ZlA
\/2>\ n 2)\ n A 1K
which, by (7), can be continued as
Vi < —R\2A(D)X(D) M| A A = —¢

Then, we obtain that

Va(t) < —en(t —tk,) + Valtr, ), t € [tr,str, + Th, ),
Va(t) =Valte, + Tk, )t € [th, + Thys tip+1)-
By recursion, we have

k—1
Valte) < —en Y 714 Valte,), k> ko
=k,
Since im0 3.7t > limg o0 (k — kn)eo = +00,
we have limg_, ;o Vi, () = —oo, which contradicts the

fact that V,,(¢) > 0 for any ¢ > 0. Thus, there exists a
finite integer k,, > 0 and a time instant ¢, € [tg, —1,%k, ),
such that z,,(t,) € Ly, (¢n).

For t > t,, Vyi(2,) < 0 for any z,(t) on the boundary
of Ly, (¢,). Thus, z,(t) will remain in Ly, (c,) for t >
t,. For any z, € Ly, (c,), we have V,, < ¢, and hence
kzy Yo, (kz,) <V, < ¢,. Thatis, va:l KZinon(Kzin) <
by = A2, which indicates that |rkz;,| < A, i € I[1, N].
Thus, we have proven that there exists an integer k, such
that ||k2, (8)]|co < Ay fort € [tr, tpt1), k > kn.

For k > k,, the consensus algorithm (13) simplifies to

n—1

N —lizn(t) — Z al(nzl(t)),t € [tk,tk + Tk),
u(t)= =
0,1te [tk —|—Tk,tk+1),

and z,_1 is governed by

P (t): _Mgn—l(ﬁzn—l(t))'i_wn—l(t)ate[tk;tk+Tk)7
nl Oa te [tk+7_katk+1)a

with w,,_1(t) = —M 27;12 o1(kz(t)). Following a similar
analysis as that of the evolution of z,, we can recursively
show that, for [ € I[n — 1, 1], there exists an integer k; >
ki1 such that ||I€Zl(t)||oo < A;fort e [tk,tk+1), k> k.

Finally, for k& > k;, the consensus algorithm (13) simpli-

fies to
—(kB"®1)z2(t), t € [tg,ty + T),
u(t) =
{ 0, t € [tp + Th, tig1)-
Consequently, system (12) can be written as
s(1)= {((_A — kBB") @ M) 2(t),t € [t t, + ),
(A®@ M)z(t), t € [ty + T, tht1)-

We next establish asymptotic stability of the closed-loop
system (17). Consider the following multiple Lyapunov
function candidate

V(t) = { Z'Pz, t€ [ty tr + k),
2Pz, te [tk + Tk,tk+1),

where P; > 0 is the solution of (8) and P, > 0 is the
solution of (9). For ¢ € [t,tr + k), k > k1, the derivative
of V along the trajectory of (17) can be evaluated as follows,

V =2(((A - kBB)'®M)'Pi+ P ((A - kBB")®M))z

=—z"2 < = V(¥).

For ¢ € [ty + Tk, tkt1), k > ki, the derivative of V along
the trajectory of (17) can be evaluated as follows,

a7

Then, we obtain that, for k > kq,

Vo < e~ UMY (1), ¢ € [ty tr 4+ Th),
= etV (4 1), tE [te 4 T, thg )
Thus,

V(tkl-‘rl) =

P
(1%3 (tk1+1)P2Z(tk1+1)
?1; T2 V(tk, + Thy)

SW Te2 |2 (b, + Thy )2

X(POMP2) pvg
= ,\EPB,\EP% TRV (2, )

< pPe iV (ty,).

By recursion, for k > ki, we obtain that
k—1

/\

—1
> *E(az—ﬂﬂﬂ)
V(tk)§p2(k7k1) 1=k V(tk ) e l=F1

Fort € [tk,tk + Tk), by (18),

V(tk,)-(18)

—E(az 21Inp)
V(t) —(t tk)'nv(tk) <el=F1

Fort € [ty + Tk, tr41), by (18),

V(t) < e(t*tk-*ﬂc)’vz V(tk--i-Tk)
TEN(P2) || 2(tk ) ||
< pekaZT(tk+Tk)P12(tk+Tk)
< peﬂ«’m*ﬂc’hv(tk)

Vte,). (19)

IN

—ag— > (ar—2lnp)
pe = V(tkl)

IN

Z(az 21Inp)

< o(onInp)g iy Vite,).  (20)

Let x* be defined as in Lemma 4.2. Then, oy — 2Inp > 4.
Combining (19) and (20), we have,

k—1
= > (u—2Inp)

Vit)<e '=F Vtk,),t € [trytrps1), k> kq.
Thus,
k—1
7k1Lm > (y—21Inp)
0< hm V() < lime 7R Vty,) =0

Hence, lim;_, o z(t) = 0 and tlim 2(t) = limy oo T71I®
— o0

M~1)2(t) = 0, which indicates that global leader-following
consensus is achieved. ]

5 Simulation Results

Consider a group of three follower agents, each of which
is described by (1) with n = 3 and w5 = 50. The leader is
described by (2) with n = 3. The communication topology
among agents is shown in Fig. 2, where a9 = a21 = ags =
1. The intermittent communication follows the pattern of
tp+1 = tx + H0s with 7, = 40s, £ =0,1,2,---.

Fig. 2: The communication topology.

Let k = 2.7 and o = 0.3. We get 72 = 0.81. Solving
equations (8) and (9), we obtain that \(P;) = 1.189,
A(Py) = 0.06, A\(P>) = 8818.5 and A\(P) = 0.3. Then, we
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Fig. 3: Evolutions of #;, I,i € I[1,3], the difference
between x; and xg, for i € I[1, 3].
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Fig. 4: Evolutions of the control inputs u;, % € I[1, 3].

have 1 = 0.841, In(p) = 11.9 and oy — 21In p > 1. Choose
AO = 0005, Al = 01, Ag = 2and Ag = 40, which satisfy
(7). Under the consensus algorithms (6), we simulate the
closed-loop system with g = [-1 2 0]", 1 = [0 2 — 4],
22 = [—-103]"and z3 = [l —2 — 3|". Shown in Fig. 3
are the evolutions of the differences between the state of the
follower agents and the state of the leader. It is clear that
these differences converge to 0 as time goes by, indicating
that global leader-following consensus is achieved. Shown
in Fig. 4 are the bounded control inputs of the follower
agents. The control inputs are 0 during the time periods of
40s to 50s, 90s to 100s, 140s to 150s, and 190s to 200s.

6 Conclusions

In this paper, we studied the global leader-following con-
sensus problem for a group of a chain of integrators with in-
termittent directed communication in the presence of actua-
tor saturation. A bounded control algorithm was constructed
for each follower agent that achieved global leader-following
consensus under a certain communication topology. This
consensus algorithm for each agent utilized information of
other agents obtained through the communication network
intermittently.
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