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Distributed Containment Control of Multi-Agent Systems under
Markovian Randomly Switching Topologies and Infinite
Communication Delays

Haihua Guo'! and Gang Feng'

Abstract—In this article, the distributed containment control
problem of heterogeneous multi-agent systems (MASs) under
Markovian randomly switching topologies and infinite com-
munication delays is studied. A novel distributed containment
observer is first proposed to estimate the convex hull formed by
the states of multiple leaders in the presence of Markovian ran-
domly switching topologies and infinite communication delays.
Then a distributed containment controller is further developed
based on the proposed distributed observer. It is shown that the
output of each follower converges to the convex hull spanned
by those of leaders under the proposed controller. Moreover,
our findings encompass those results on containment control of
MASs with bounded distributed delays or constant delays as
special cases. Ultimately, we present a simulation example to
illustrate the effectiveness of the proposed controller.

I. INTRODUCTION

Cooperative control of multi-agent systems (MASs) has
drawn considerable interest in recent decades due to their
applications in diverse areas, such as robotics, autonomous
vehicles, social networks, and biological systems [1], [2],
[3]. Containment control, a fundamental problem in MASs,
aims to guide the states of a subset of agents, referred
to as followers, to asymptotically converge to the convex
hull spanned by those of a group of leaders while ensuring
system stability and robustness against uncertainties. For
instance, to preclude a group of vehicles from entering
hazardous areas, specific agents have been designated as
leaders, facilitating vehicle access into the safe zone formed
by leaders [4]. Recently, containment control problems have
been investigated for MASs with single/double-integrator,
general linear MASs, and heterogeneous MASs [5], [6], [7].

In real-world applications, the system dynamics often
exhibit time-varying network structures and the connections
between agents undergo stochastic transitions. In such sce-
narios, the Markovian randomly switching topologies are of-
ten utilized to model these changing communication topolo-
gies. During the past years, many researchers have studied
containment control problem of MASs under Markovian
randomly switching topologies and some fundamental results
have been given in [8], [9], [10].

On the other hand, the presence of communication delays
is an inherent characteristic that often leads to performance
degradation or even system instability. Consequently, the
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containment control problems of MASs with communication
delays have been extensively investigated [10], [11], [12].
However, these works only addressed bounded communi-
cation delays. Infinite communication delays (also called
unbounded communication delays) exist in many practical
systems, such as coupled oscillators and neural networks
[13], [14]. Various cooperative control problems of het-
erogeneous MASs with infinite communication delays have
been solved [15], [16]. For instance, the output containment
control problem of heterogeneous MASs with infinite delays
and fixed topologies was solved in [15]. The robust coopera-
tive output regulation problem of heterogeneous MASs over
deterministic switching topologies and infinite delays was
considered in [16]. However, to the best of our knowledge,
the case of Markovian randomly switching topologies and in-
finite delay has not been explored for the output containment
control problem, which motivates this study.

In this work, we investigate the distributed output con-
tainment control problem of heterogeneous MASs under
Markovian randomly switching topologies and infinite com-
munication delays. We propose a novel distributed observer
in the presence of Markovian randomly switching topologies
and infinite delays. Then, a novel distributed controller is
developed to ensure the outputs of followers converge to
the convex hull spanned by those of leaders. Furthermore,
our findings include leader-following consensus problems of
MASs under Markovian randomly switching topologies and
bounded distributed/constant delays as special cases.

II. PRELIMINARIES AND PROBLEM FORMULATION
A. Preliminaries

Consider a heterogeneous MAS consisting of N followers
and M leaders. If the agent has no neighbor, it is called
a leader; otherwise, it is a follower. Denote the follower
set as R = {1,..., N} and the leader set as D = {N +
1,..., N + M}, respectively. Denote (2, F,§,P) as a com-
plete probability space where § = {F;;¢ > 0} is a filtration.
Denote o(t) as the switch signal, which is determined by
a continuous-time Markov process that takes values within
S ={1,2,...,s}. Let the generator of the Markov process
{o(t),t > 0} be Q = (&) € R®*%, which satisfies P{o (¢t +
h) =1 | o(t) = k} = virh + o(h),if k # r, otherwise,
it equals to 1 4+ ygih + o(h), where limy,_,oo(h)/h = 0.
Here, v, > 0 is the transition rate from k to r if k& # r
while i = — Z#k Yer < 0. The sum of each row in the
transition rate matrix {2 is zero, expressed as 21 = 0. Let

2474



the digraph Go(1) = {V,Ex(1), Ao (1) } be described the time-
varying topology among N followers and M leaders, where
the vertex set V = {1,--- , N + M}. The set edge &y ;) =
{(4,4) | i,j € V} and the adjacency matrix Ay exhibit
time-varying characteristics. Let Qa(t) (R, Ea(t) AF )
be a digraph among followers, where & F( C R xR and
A7 = (7™ 0 50 e (i) € g2

iJ
o’ = 0, otherwise. Here, we assume a;fi(t) =0, Vi € R.

ij
The pinning gains from the jth leader to each follower @

is caj(t), where cfj(t) > (0 if the follower i can receive
the signal from the leader j; otherwise, c”() = 0. The
Laplacian matrix L(o(t)) corresponding to G, ;) can be
written as: L(o(t)) = Li(o(t))  La(o(1))

Omxn Omxnr
Li(o(t)) and Lo(o(t)) are the same as in [10]. For k in
S, let Gun = Uj_1 G = (V,Uj_; Ek) be denoted as the
union graph of Gy.

)N><N with Ay

, where

B. Problem Statement

The dynamics of the IV followers are described as follows:

& = A + B, 1)
Yi = Cixivi € Ra
where x; € R™, u; € R™, and y; € R™ are the

ith follower’s state, input, and output, respectively. The M
leaders dynamics are described by:

,éj = SZj,

{ yj:sz,jED, (2)
where z; € R? and y; € R™ are the state and output of the
jth leader, respectively.

This goal of this work is to give a distributed controller
for heterogeneous MAS (1)-(2) under Markovian randomly
switching topologies and infinite communication delays,
such that the output of each follower can converge, in mean
square sense, to the convex hull formed by those of the
leaders. Next, a definition and some assumptions are shown.

Definition 1: Consider the heterogeneous MAS (1)-(2)
under Markovian randomly switching topologies G, (¢), the
distributed output containment control problem can be
achieved in mean square sense, if there exist nonnegative
constants 3;;, ¢ € R,j € D satisfying Zjep Bi; = 1 such
that
lim B[y~ 3 Buwl’] =0, ie R )

t——+oo

D

Infinite distributed comrrfuemcation delays among agents are
considered in this work. Let the signals to be transmitted
from agent j € RUD int > 0bed; € Ri,j €¢ R
or z; € R%,j € D and the initial information in ¢ < 0
is 99 € RI,j € Ror z) € R%j € D. Note that
19J,19 and zj,z;) are requ1red to be the same as in [15]
whlle this strict assumption is not required in this work.
Because of the existence of infinite delays, the information
thtat the ith follower obtains from its neighboring agent j is
fot wig ()95 (t — n)dn + j} wij (M99t — n)dn,j € R or
Jo wii(n)2; ( d77+ft wij(n)29(t—n)dn, j € D, where

wij(n) : [0, +oo) [0,400) is the delay kernel function
satisfying [, wi; (n)dn = 1.

Assumption 1: For any i € R, (4;, B;) is stabilizable and
(A;, C;) is detectable.

Assumption 2: The linear matrix equations

AiXi + BiEi = XlS
CiX; =R,

(4a)
(4b)

have a solution (X;,=;) for each i € R.

Assumption 3: The leader set D is globally reachable
within G,,,,.

Assumption 4: The Markov process {o(t),t > 0} is
ergodic.

Assumption 5: The delay kernel functions w;;,t > 0,i €
R,j7 € RUTD satisfy

wij(t) < w(t), 6))
+oo
/0 () [92 (=) [dn < +oo, ®)
+oo
/O w1 22(=n)lldn < +oo, )

where w(t) > 0,t € [0 +00) is a non-increasing func-
tion satisfying fo (mdn < +oo and w(n + s) <
w(n)w(s),Vn, s > 0.

Remark 1: Assumptions 1-4 are frequently employed for
containment control problems of heterogeneous MASs [7],
[10]. Assumption 5 are limitations on infinite distributed
delays and initial conditions. Condition (5) is a restriction
on delay kernel functions and conditions (6) and (7) are
limitations on initial conditions and have been used in [16].

As shown in [16], Assumption 5 implies lim;_, o w(t) = 0
exponentially, i.e., there exist two positive constants y; and
p2 such that w(t) < pie~ 7. Ergodic Markov process
is characterized by a sole stationary distribution described
as @ = (ai,...,as). Consequently, it is reasonable to
posit that the Markov process {o(¢),t > 0} initiates from
the stationary distribution, then the adjacency matrix of
Gun can be expressed as 22:1 apAr. Here, we define
Ly = E[L1(0(¢))], La = E[La(c(¢))]. It is observed that
the expectation graph E[G, )] shares an identical structure
structure with that of G,,,,. The Laplacian matrix E[L(o(t))]
corresponding to E[G, )] can be expressed as : E[L(o(t))] =

L, Ly
Onmxnv Oprxm
III. MAIN RESULTS

The distributed observer design, distributed controller de-
sign, and analysis of the resulting closed-loop system are
presented in this section.

A. Distributed Observer Design

Inspired by [15], [10], we propose the distributed observer
as follows,

Di(t) = 89:(t) — @ > af\? (9i(t) — Ti;(S.9;,99))

JER
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—w Z Czrj(t) (191(75) — Tij(& Zj, Z;J)), (8)

where o > 0 is a real number, ¥; is the state of
the distributed observer; aaj(t) is the element of the adja-
cency matrix Ay s Tij(S,0;,0%) = [ wij(n)eSm;(t —
)dn + 5 [ wy 77)19 (t — n)dn and Ty;(S, 25, 29) =
fo wij(n)eSMz;(t — n)dn + 5 ft wij ()29 (t — n)dn are
the delayed signal obtained by agent ¢ from its neighbor j.
Remark 2: The information transmission framework is
outlined in the following. Initially, the observer state ¥; of
follower j € R and the leader state z; of leader j € D are
multiplied e ~5* and then sent e ~'9; and e =52 to follower
1. Owing to the presence of infinite delays, the information
received by follower 7 is fot w” n)e’ =m;(t — n)dn +
joo Ww( )ﬂo(t n)dn and fo wij(n (t*")zj(t—n)dn—k
f L wij(n)z9(t—n)dn. Multiplying by ¢St with the received
1nformat10n one can have T;;(S, 9;, 19J) and T;;(S, z;, z?)
Under such a communication framework, it is not necessary
to possess prior knowledge of the delay kernel w;;(19).
Denote

ﬂM+1,1 5M+1,J\4
—Li'Ly £ : : .9
Br4N1

where EjeDﬁij =1land B;; > 0,i € R,j € D from
[10, Lemma 1]. Denote ¥ = (¥7,...,9%)7 and 2 =
(2841, --» 2k )" The state containment error is denoted
as ¢ =0+ (L7 'Ly ® 1)z, where ¢ = (¢T,...,¢)7

G =Ui—) ;ep Bijzj, i € R. Then, we can get the following
compact form:

19=(IN®S)’L9—W<(DU(15)®LZ)Q9

t
+ [ (2O m ey ot - may
0
t
+ [ (289w 0 e) ste - myan
0
+oo
et [0 @ 1,) 00—
t

+oo
+ e(IN®S)t/t (Lg(t) (n) ® [q) zo(t —n)dn,

ﬂM—t—N,JVI

(10)

where Dy ) = diag{d] )}NX a( ) _

0 t O_ t "
Z]GR iy T Z]GD % ®) for i € R; L1()(77) _
(— af](t)w”(n))NxN, i,j € TR; and L;(t)(n)

( CZ( )wlj(n))NXMvi € R7] € DN
Denote Z = e*(1M®.S)tz and 9 = e~ UN®5tY Tt then
follows from (10) that Z = 0 and

J=-w(ly® 6St)( (Do) © 1)

+ /Ot (L‘f(t) (n) ® es”) d(t — n)dn

+ / (159m e S") 2t - n>dn)

*W/ LYm el ) 0O (t —n)dn
_w/+0<> t) ®I) O(t — n)dn
W< o(tﬂ9+/ LT (m)d(t — n)dn

+ / ES”(n)é(tn)dnwa(t)>, (11)
0
H o Fo(t), v _ rot)
where Dg(t) D ot) ® 1,, L, ( ) Ly ( ) ® 1,
Lg(t)("?) L ()( ) ® I, :)md \I/ 0 = ft a(t)(n) ®
I)9°(t — n)dn + [;7°(L3" () ® 1,)2°(t — )dn~

Define § = 9+ (L] 1L2 ® I,) Z. It follows from (11) that

t
f=—w (Dg(t)ﬁ + / LIDm)d(t — n)dn
0
" o)
+ / L3 (n)z(t — n)dn + ‘I/a(t)>
0

t
=—w (Dg@a + / LT (m)s(t —n)dn

L5 m)z(t — n)dn — Dogy (L7 La® 1) 2

El()( ) (L' Ly ® I,) &(t 77)d77+‘I’a(t)>

t
S <Dg(t)5 + / LT (n)é(t — n)dn + Ta(t)) ,
0
(12)

where Tg(t) = fO U(t) (mz(t — n)dn -
Doy (LT Lo @ 1) 5 — [T LS ”(“ () (LT' Ly 1) 3(t —
n)dn + VY,). Moreover, it follows that Y,y =
t+OOLO(t)( )(L 1L2®I)Zd77 . f—i-ooLa(t)( )gdn +
7 E7O )0t —ndn-+ [ (E5 () 91,)20(¢ — ),
Under Assumption 5, there exist constants c1—cq and by —by,
such that || f+°° L(k)( )2d77|| < e [P w(t + m)dnl|z| <

buw(t), || [ it — mydn| < en [y w(t +
)H( )||d77<b2w ||f*°°L<’“’ (Ly ' Lo®I,)zdy|| <
s Jy wlt £ n)dnllZ] < baw(t), and || f*“’ L9 )0 —
m)dnl| < s [T w(t +n)[90(=n)lldn < byw(t). Thus, it

follows that Y (4) tends to 0 exponentially, i.e., there exists
constants ¢ and b such that limy_, E[[| Y, [|?] < ce .
Rewrite (12) for every follower ¢, i € R as follows:

6 = wda(t)d +w Z U(t)/ 8;(t —n)dn
1,jER
— w7, (13)
where (b;'(t) is the ith element of Y,y =
o(t o(t
(Y500 TH )T
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Lemma 1: Consider the distributed observer (8) under
Markovian randomly switching topologies and infinite de-
lays. Let Assumptions 3, 4, and 5 hold. If eigenvalues
of S fall on the imaginary axis, then lim;_, ., E[||Y; —
2jep Bij9;]1?] = 0, i € R, exponentially if constant
is sufficiently large.

Proof: Define the following novel Lyapunov functional,

V=> V(tk), (14)

kes

where V(t,k) = Vl(t,k) + Wa(t,k) + Vs(t, k),
Vilt,k) = E[DERW H 1{a<t> Kl Ve(tk) =
@B} jer @ 55) fo 1105 (n)]|? f wij(8)dsdnlq()=k}]s

Valtok) = VE[Y i ' 18:G) P S5 w(s)dsdnl (o (1)=ry),

with v being a positive constant to be determined, and
1i,(t)=k} representing the indicator function. Along the
trajectories of (13), taking derivative of V; (¢, k), we have

Vi(t, k) = —2wE Zd 16:11%1 10 s) k}]
1ER
t
+2wE| > a7 / Wij(n)aj(t_n)dnl{a(t)_k}]
i,jER 0
+ 2wk Z(ST 1{o(t) k} +Z%~kvl t T) (15)
iI€ER r=1

Bear in mind that the process {o(¢),¢ > 0} initiates from its
stationary distribution «. Consequently, one has

Vi=> Vi(t,k)

keS

< - 2E [Z mmﬂ

i€ER

t
+2@7E[ Z Pz‘jfﬂf/ wz‘j(??)f;j(t—??)dn]
i,jJER 0
1 o
—E |3 [I6i]*| + =°E [Zu@-“”}, (16)

i€ER iIER

k
where p; =) ycq ard, g Pij = Dkes O‘kagy)
the Cauchy—Schwarz inequality, we have

t
22 p1;07 / i (1)t — m)d

By utilizing

a7

t
< @i 1612 + iy / wii (I8¢ — ) 2dn.

Combining (16) and (17) leads to

Vi < =20 |3 pill6ill*| + =B | Y piglldsl?
1ER ,jER
+ wk Z Pw/ wij (M 165t =)l d’]‘|
1,jER
1
+ =E | ) 162 | + wPce™. (18)
w i€ER

Moreover, it follows from the definition of Va(¢, k) and
V3(t, k) that

i€ER

_wEl 3 p”/ wis (185t = )l dn] (19)
i,JER
and
; 2 e 2
o= | 5 (wollad? = [ ot~ lPan) |
i€ER 0
(20)

A (k) _ too

where 0; = > ;o) jcranay; and wo = [ w(s)ds.

Then, from (18)-(20), one has

V<E|Y (~wpi+wi + 1/w)||5¢||2]
i€ER
2 oo 2
+o | 3 (wolll? = [ wlose = mlPan )
iER 0
+ wice . (21)
We have —wp; + wo; = —w@ Zjep oakaz(f). Then, we have

that for a sufficiently large constant o, there exists a constant
¢ > 0 such that —w >, 1, akagf) +Ll <y, ieR. It
then follows from (21) that

V< —wElZ 162

i€ER

+ e

+oo
+vE Z <w0||5i||2—/ w(n)ll&(t—n)IIan)]
iER 0
(2]l ||2+Z/ Wl(e - wlkan) )
1ER
+ e —bt7 (22)
where v = 5 wa.

It follows from the definition of Vi(t, k), Va(t, k), and
Va(t, k) directly that

Vi=E

>, |5i|2] : (23)

i€R

p”/ 10 —n Hz/ wi;(s)dsdn
JER

< wk Z p”/ 6;(t—n H2/ wij(n + s)dsdn

L]GR

+oo
< wuwodk | 3 / st —mPdn|, @)

,JER
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and

Vi =vE

;/ 16:(n ||2/+oow(8+77)dsdn]
> [ emiat-

iI€ER

< vwoE

ol dn} (25)

where ¢ = max;er{0;}. Then, combining (23)-(25), we

have
+o00
veer| Y (15l + [ wlst -],
ieR 0
(26)
Wherq © = wwyd + vwy. Furthermore, from (22), one
has V() < -TV 4 w’ce™®, where T = 4. Ac-

cording to the comparison lemma, it follows that V' <

V(0)e Tt +w3cx(t,b), where x(t,b) is a function described
te~ 1t ifC=b

b t,b) = ’ " It can be
Y XD = L (oot T 40,

seen that lim; , ., x (t,b) = 0. Moreover, V' > E[||6]|?].
Thus, one can get lim;_,, E[||6]|?] = 0 exponentially. From
[16, Lemma 3], for any 0 < pg < min{T’, b}, there exists
a 1y > 0 such that ||e5f| < ppe®’. It is noted that the
state containment error is: ¢ = ¥ + (L7'La @ 1)z =
(In @ €50 + (L7 'Ly ® 1,)Z) = (Iny ® €5%)6. Then, one
has lim;_, 4 oo E[[|0 + (L7 ' Lo ® I,)2[|?] = 0, which implies
limy oo B9 — 32 sep Bijzj|I?] = 0 exponentially. |

Remark 3: [15] investigated containment control problem
of MASs with infinite delays by using the frequency domain
approach, which is hard to address time-varying delayed
systems in this work. Therefore, the time domain Lyapunov
method is adopted. Compare with [16], where the case of
deterministic switching topologies was studied, this work
studies the Markovian randomly switching topologies. Dif-
ferent from [10], where output containment control problem
of MASs under Markovian randomly switching topologies
and bound distributed delays was considered, this paper
extends the case of bounded distributed delays to the more
general infinite distributed delays.

B. Controller Design and Convergence Analysis

A novel distributed controller with Markovian randomly
switching topologies and infinite communication delays is
developed according to the newly proposed distributed ob-
server (8) as follows:

u; =K1;2; + K2i19i7 1€R (27a)
2; =A;%; + Byu; + H; (Cix; — Ci&y) (27b)
Di(t) =80:(t) — @ > af{? (9i(t) — T3;(S,9;,99))
JER
—w Z C?j(t) (191(75) — Tij(S, 24, Z?)), (270)

jeD
where z; € RPi is the Luenberger observer’s state, ¢; € R™

is state of the distributed observer in (8), and Ky;, Ko;, H;
are matrices to be designed.

The main result of this work is presented in the following.

Theorem 1: Consider MAS (1)-(2) under Markovian ran-
domly switching topologies and infinite delays. Let Assump-
tions 1-5 hold. Choose Ki; and H; such that A; + B; Ky;
and A; — H;C; are Hurwitz, and Ko; = =, — K1;X;,1 €
R, where (X;,E;),i € R are solutions to (4). Then the
distributed output containment control problem is solved by
the proposed controller (27) with sufficiently large .

Proof: Define z = (zF,...,2%)T, v =
(o, o)t e = Wl oun), e =
(WYhi1s--Yngea)'s and e = (ef,...,e})". In this

work, the output containment error is denoted as e = yr +

(El_lﬁg ® Iq) yr,. Denote A = blockdiag{A;,..., An},
B = blockdiag{Bi,...,Bn}, C =
blockdiag{C1,...,Cn}, H = blockdiag{H1,...,Hn},
Kl = blOdeiag{Kll,...,KlN}, and KQ =
blockdiag{ Kia, ..., Koy }. From regulator equations (4) in
Assumption 2, we have AX + BE (In®S), CX =
Iy ® R, where X = blockdiag{Il;,...,IIy} and

= KiIl + K,. Define ¢ = z + I (L7'Ly® 1) 2 and
= x — v. Then, the heterogeneous MAS (1)-(2) under
controller (27) is given as follows:

& [1]

(p Z(A —+ BKl)gO + BKQC — BKli‘7
i=(A- HO)z,
2=Iu®89)z,
0 =(Iy®8)9 — w((Da(t) ®1,)9
t
+ [ (2100 @) ot~
0
/ (259 ) 57 2(t — mydn
+oo
etrvest [ (100 1,) 00 - mydn
t+oo
+ elInes)t / ®Iq) 2t —n)dn
t
(=0+ (L7'La® 1) 2,
e =Co.
(28)

Noting that A; — H;C;,i € R are Hurwitz, it follows
that limy_, o E[||Z]|?] = O as indicated by [17, Lemma
2]. Moreover, since lim;_, 4 E[||C[|*] = 0 via Lemma 1.
From the fact that A; + B;K1;,i € R are Hurwitz, one
has lim; ;o E[[|¢]|?] = 0 via [18, Lemma 1]. Because
lim;—, o E[[|0]|?] = 0, it follows that lim;_, - E[|le||?] =
0, i.e limgy oo E[||yr + (LT La@ I,)yr||°] = 0. Accord-
ing to (9), we have lim; o0 E[||lyi = Y crup Bijuill*] =
0,7 € R . Hence, by Definition 1, the distributed output
containment control problem is solved. [ ]

IV. SIMULATION EXAMPLE
Consider the heterogeneous MAS described as in the
form of (1) and (2) with A; = (0,1,0;0,0,¢;;0, —g;, —$;),
B, = (O,O,fi)T, Oi = (1,0,0) and S = (0,1;—1,0),
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R = (1,0), where parameters {s;, f;,t;,g;} are selected
as {4,2,1,0}, {10,2,1,0}, {2,1,1,10}, and {2,1,1,1} for
four followers ¢ = 5,6,7,8, respectively. Through the
resolution of the regulator equations (6), we can derive
Xi = (1,0;0,1;—+,0) and E; = (—ffim_ﬁ + 4). The
communication topologies are randomly switched between
two digraphs as given in Fig. 1. It can be observed that

Fig. 1: The communication topologies.

in each digraph the leader set is not globally reachable.
However, the leader set attains globally reachable in G,,,,. The
switch signal {o(t),t > 0} is determined by a continuous-
time Markov chain. Let S = {1,2} and Q = (—1,1;2, —2).
The initial distribution of {o(t),¢ > 0} is taken as its station-
ary distribution o = (2/3,1/3)”. The delay kernel functions
are chosen as ws1(n) = wse(n) = wsr(n) = wsr(n) =
e, wes(n) = wer(n) = wsa(n) = dne™1, wrg(n) =
wra(n) = wsa(n) = Se~ 37, and choose w(n) = Se~",n €
[0, 4+00), which implies that condition (5) holds. Let w = 5
and the initial communication information be chosen as:
D(to) = (2,67, L(to) = (3,6)T, N(t) = (6,3)T,
Dto) = (3, 1)T, 9(to) = (3,12)T, 9(t0) = (=3,5)7.
Pto) = (=3,7)7T, 9te) = (4,8)7T, to € (—0,0),
which implies that condition (6) holds. Choose Ki5 =
(—12.5,—12.5,-2.5), K16 = (—12.5,—12.5,—0.5), K17 =
(—25,—15,—7),K18 = (—25, —25,—7) such that A; +
B; K1; are Hurwitz for ¢ = 5,6, 7,8 and K5; can be obtained
USiIlg K2i = Ez - Kl’LXZ For + = 5,6, 7, 8, let Cl =
9; — Zjep Bijzj = (Ci1, Gi2)T denote the state containment
error. Generate 500 sample paths to approximate E[||¢;|?]
and E[||e;||?] as depicted in Figs. 2 and 3, respectively. It is
shown in Fig. 3 that the output containment errors converge
to 0 as t — 4oo under the controller (27).
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Fig. 2: State errors. Fig. 3: Output errors.

V. CONCLUSIONS

This paper has studied the output containment control
problem for heterogeneous MASs over Markovian randomly
switching topologies and infinite delays. To address the con-
cerned problem, firstly, a distributed containment observer

has been designed for followers to address the uncertainty
of the communication topologies and the occurrence of
infinite delays. Then, a distributed containment controller
has been constructed. An example is given for illustrating
the effectiveness of the proposed controller.
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