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Abstract— This paper deals with distributed sensing over
a field by means of a multi-agent control architecture. A
leader/follower scheme is built up for exploring an environment
by properly sensing areas of interest. By means of a control
architecture based on decentralized Model Predictive Control
(MPC), the leaders determine the regions to be sensed and
the followers, which are only required to communicate with a
subgroup of leaders, properly move in the space, constrained
by the convex hull of their leaders, in order to perform the
sensing task.

I. INTRODUCTION

The recent literature on multiagent systems has witnessed

an increasing interest in consensus-related problems, as the

performance of coordinated tasks and the formation control

and obstacle avoidance problems [1], [2], [3] [4], [5].

Special attention has been devoted to the problem of

distributed sensing, that has many applications ranging from

surveillance of areas to environmental monitoring. In partic-

ular, research focused on the definition of strategies for the

efficient deployment of sensors over regions to be measured.

This problem seems technically compelling, especially in the

case the field to be sensed has a stochastic description (see

[6] and the references therein).

A further stream of research is related to the use of leader-

following control architectures [7], [8], in order to ensure

the fulfillment of geometrical constraints on the agents’

motion. This type of techniques have also been applied to the

so-called containment problem, in which leader agents are

required to define a (time-variant) geometrical shape in the

space, consisting in their convex hull, while follower agents

are forced to move confined in it [9], [10], [11].

This paper aims at merging the two problems discussed

above in order to face a potentially interesting application: a

mixed containment-sensing problem. The idea is to exploit a

hierarchical control structure, similar to the one presented in

[11], in order perform a complex measuring task. A group of

sensing units, represented by followers, have to be driven to

zones of interest to be sensed within a region. Leaders are

employed to coordinate the sensing task at a higher level,

while guaranteeing suitable containment properties.
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The described control problem is addressed in presence

of agents subject to single-integrator dynamics and with

possibly saturated inputs by means of a combination of

Model Predictive Control (MPC) schemes, which in part

were previously used for solving consensus problems [12],

[13], [14]. Such tools, complemented with a hybrid logic

inspired by [11], are formally proven to fulfill a set of

requirements equivalent to the ones proposed in [11]. In

particular, we are interested in the following issues: the

containment property, i.e., the ability of the control scheme

to drive the followers back to the leaders’ convex hull in the

event they get outside; the liveness of the hybrid strategy

during the entire maneuver; the convergence of the system,

i.e., the completion of the task. The theoretical results we

present partially rely on the properties of optimal state paths

given in the above references. While in [11] the containment

properties are attained relying on the use of Laplacian

control, here similar behaviors are obtained by means of

an MPC strategy with input constraints. Furthermore, in our

case the target positions are reached in finite time and not

just asymptotically, as in [12].

The paper is organized as follows: Section II summarizes

some basic concepts on graph theory which will be used

in order to describe the communication network. Section

III is devoted to the definition of a dynamic model for the

agents and of the structure of the communication network

connecting them, as well as a formalization of the control

objectives. In Section IV we propose a hybrid control strat-

egy for solving the problem under consideration. The main

properties of this scheme are analyzed in Section V. Finally,

in Section VI we report a simulation example and Section

VII contains the conclusions.

II. PRELIMINARIES

A. Graph theory

Consider a team of n agents indexed by the elements

of the set NG = {1, . . . , n}; the communication network

can be represented by a weighted directed graph G =
(NG, EG, wG), where EG ⊆ {(i, j) : i, j ∈ NG, j �= i} is the

set of edges and wG : EG �→ R>0 associates to each

edge (i, j) ∈ EG a strictly positive weight denoted by wij .

G is bidirectional if (i, j) ∈ EG ⇔ (j, i) ∈ EG
1 and

unweighted if, ∀(i, j) ∈ EG, wij = 1. In the latter case, the

1As remarked in [15], weights wij and wji can be different. If they are

equal, one recovers the notion of undirected graphs.



graph can be simply represented by the pair (NG, EG). From

now on we will generally refer to directed or bidirectional

graphs assuming implicitly that they can be weighted. If,

∀i, j ∈ NG, (i, j) ∈ EG, the graph is complete.

A node i ∈ NG is connected to a node j ∈ NG\{i}
if there is a path from i to j in the graph following the

orientation of the arcs. The graph G is strongly connected

if, ∀(i, j) ∈ NG ×NG, i is connected to j. A directed graph

is said to have a spanning tree if and only if ∃i ∈ NG such

that there is a path from i to any other node j ∈ NG.

If (j, i) ∈ EG we say that j is neighbor to i and the j-

th agent transmits instantaneously its state to the i-th agent.

The set of neighbors to the node i ∈ NG is Ni(G) = {j ∈
NG : (j, i) ∈ EG} and |Ni| is the valency of the i-th node.

We now introduce a graph-based matrix which will

be exploited in the paper. Consider two disjoint sub-

graphs G1 and G2 such that G1 ∪ G2 ≡ G. Be

EG1G2 = {(i, j) ∈ EG : i ∈ NG1 , j ∈ NG2}. We define the

graph matrix KG1G2 = [kji]i∈NG1 , j∈NG2
, where kij =

wij∑
h∈EG1G2

whi
if j ∈ Ni(G) and is kij = 0 otherwise.

III. PROBLEM DEFINITION

A. Model of the agents and of the network

We consider a two-layered multi-agent system composed

of nl leaders and nf followers, with nl + nf = n.

The notation li or fi is used to refer to the i-th leader

or follower, respectively. Correspondingly, define Nl =
{li : i = 1, . . . , nl} , Nf = {fi : i = 1, . . . , nf}, with Nl∪
Nf ≡ N and Nl ∩ Nf ≡ ∅; The dynamics of both leaders

and followers is described by the following model:

xbi(k + 1) = xbi(k) + ubi(k), b ∈ {l, f} (1)

where i ∈ {1, . . . , nl} if b = l and i ∈ {1, . . . , nf} if b = f .

Vectors xbi(k) ∈ R
d and ubi(k) ∈ R

d are the state and the

control input, respectively, of agent bi at time k.

In our problem, the communication among agents can be

described by means of three weighted graphs:

• Gl = (Nl, El, wl), El ⊆ {(i, j) : i, j ∈ Nl, i �= j};

• Gf = (Nf , Ef , wf ), Ef ⊆ {(i, j) : i, j ∈ Nf , i �= j};

• Glf = (N , Elf , wlf ), Elf ⊆ {(i, j) : i ∈ Nl, j ∈ Nf}.

with G = Gl ∪ Gf ∪ Glf . As it appears, graph Gl can

be used for describing the communication among leaders,

Gf for the communication among followers and Glf for the

communication between the two subgroups of agents. From

here on, we assume that graphs Gl and Gf are strongly

connected and that a piece of information can be sent to

any agent in Nl (respectively Nf ) by means of a multi-hop

strategy within a sampling interval. Furthermore, we assume

that Glf is a directed graph such that, ∀i ∈ Nf , ∃j ∈ Nl such

that (i, j) ∈ Elf . The set of leaders connected to a follower

i will be denoted by Ni(Glf ).

B. Geometrical definitions

Be D ⊂ R
d a convex bounded subspace to be explored and

assume that there are m bounded regions D1, . . . ,Dm ⊂ D,

Di ∩ Dj = ∅, ∀i, j = 1, . . . , m, i �= j which we are

interested in sensing. For simplicity of exposition, we assume

that Di is a polygon with nl vertexes, ∀i, and denote by

V (Di) = {vi : i = 1, . . . , ln} the set of its vertexes. Also

observe that, when this assumption is not fulfilled, it is

possible to exploit techniques proposed in the literature for

both the polygon approximation of geometric forms and

the problem of finding the minimal area polytopes with nl

vertexes enclosing a region, see for instance [16], [17].

Our objective is to guarantee the following operations:

for i=1:m
1) denote the next region that has to be sensed as

Dnext = Di;
2) leaders reach the vertexes of Dnext while ensuring

containment of the follower agents;
3) leaders stay steady until the followers have reached the

target positions in Dnext and performed instantaneous
sensing.

end
Without loss of generality, we are assuming that Di is visited

before Dj if i < j 2 and that each region is visited only once

during the task. Correspondingly, let p(Dnext) be the time

instant at which the subtask of reaching Dnext begins. It is

necessary to define a rule S(xl(p(Di)),Di) associating each

vertex vk(Di) of Di to a leader lj , i = 1, . . . , m, j, k =
1, . . . , nl, where xl(p(Di)) = [xl1(p(Di)) · · · xlnl

(p(Di)]′.
A method for specifying S will be detailed in the next

Section. Furthermore, we also need a map z̄fi
(Dj), i ∈ Nf ,

j ∈ {1, . . . , m}, which represents the sensing target point

for follower fi in the region Dj .

In order to define a hybrid control strategy to be applied

to the leaders, we denote by Ωl the leader-polytope, i.e., the

convex hull spanned by leaders and define d(µ, Ωl) as the

following distance measure:

d(µ, Ωl)
.= ζΩl

(µ) min
x∈δΩl

‖µ − x‖2 (2)

where ζΩl
(µ) = −1 if µ ∈ Ωl and +1 otherwise, while

δΩl denotes the closure of set Ωl. This measure will be

used to assess the containment property. It is now possible

to formalize the notion of containment we shall refer to.

Definition 1 (ε-containment) Followers are ε-contained in

Ωl if, ∀i ∈ {1, . . . , nf} and for a given ε > 0, d(xfi , Ωl) < ε.

We assume that the leaders are able to detect the violation

of such condition by any follower. As it will be clear in the

sequel, by referring to the notion of containment expressed

in Definition 1 we will be able to propose a control strategy

even in the case that Ωl is not full-dimensional.

IV. CONTROL STRATEGY

In this section, we propose a control scheme for the

control problem under study. It is a hybrid strategy affine

to [11], in which each layer is governed by means of an

automaton. The novelty of our approach strongly relies on

the control techniques applied within this architecture, based

2This is always possible by a suitable permutation of the regions’ indexes.



on the use of decentralized MPC. Such strategies were

partly proposed in [12] and [14] for solving the consensus

problem. In particular, in the next paragraphs we present two

control schemes that will be combined within a structure

governed by automata, as shown in the sequel of this Section.

1. Decentralized MPC (D-MPC) Given an agent

i ∈ NG, we associate to it the input sequence

Ui(k) = [ui(k)′ ui(k + 1)′ · · · ui(k + N − 1)′]′ and

the cost

Ji(k) = Jx
i (k) + Ju

i (k) (3)

with Jx
i (k) = αi

N∑
j=1

‖xi(k + j) − zi(k)‖2
and Ju

i (k) =

βi

N−1∑
j=0

‖ui(k + j)‖2
, where zi(k) is the target for agent i

at time k, while αi, βi > 0 are weights and N ≥ 1 is the

prediction horizon. We define the D-MPC control scheme

as the following Constrained Finite-Time Optimal Control

(CFTOC) problem for agent i:

min
Ui(k)

Ji(k) (4)

subject to the following constraints:

(a) the agent dynamics (1);

(b) the input constraint ‖ui(k + j)‖ ≤ ui,max, with

ui,max > 0, j ∈ [0, N − 1].
(c) the final state constraint xi(k + N) = zi(k + N), where

zi will be specified in the sequel.

The optimal solution computed at time k will be denoted by

Jo
i (k) and the corresponding inputs by Uo

i (k|k). �
2. Decentralized contractive MPC (DC-MPC)

For agent i, consider the following cost:

J̃i(k) = J̃x
i (k) + J̃u

i (k) (5)

where J̃x
i (k) = αi

N∑
j=1

‖xi(k + j) − zi(Dnext)‖2
and

J̃u
i (k) = βi

N−1∑
j=0

‖ui(k + j)‖2
. We define the DC-MPC

control scheme as the following CFTOC problem for agent

i:

min
Ui(k)

J̃i(k) (6)

subject to the following constraints:

(A) the agent dynamics (1);

(B) the input constraint ‖ui(k + j)‖ ≤ ui,max, with

ui,max > 0, i ∈ NG, j ∈ [0, N − 1];
(C) the state constraint xi(p(Dnext) + N) = zi(Dnext),

where zi(Dnext) is the target point and will be specified

in the sequel.

The optimal solution computed at time k will be denoted by

J̃o
i (k) and the corresponding inputs by Uo

i (k|k). �
The above control schemes will be combined together

in our control strategy, as detailed next. In particular, we

now propose a hybrid control strategy for both leaders and

followers.

A. Hybrid control of the leaders

We assume that the leaders are governed by a hybrid

control strategy described by the three-states automaton

represented in Figure 1. In this scheme, the GO mode

Fig. 1. The leaders’ automaton.

consists in controlling the leaders in order the next unvisited

target Dnext to be reached. The TARGET mode is associated

to the leaders staying steady at the vertexes of Dnext until

the sensing locations have been reached by the followers.

Finally, the STOP mode can get activated while the leaders

are moving towards the next target Dnext, in order to

re-establish the ε-containment property when it is lost

during the motion. The corresponding state transition rules

are labeled GO2STOP, STOP2GO, GO2TARGET and

TARGET2GO. Note that all leaders are controlled through

a single instance of this automaton, which implies that

they are always simultaneously in the same mode. Next we

formalize the control action applied in the three cases.

1. GO mode. In this mode, the leaders are controlled

through the DC-MPC strategy described in the previous

Section with i replaced by li ∈ Nl and the prediction

horizon N is replaced by N(Dnext). The value of the

target zli(Dnext), for i = 1, . . . , nl, must be specified

through the rule S(Dnext). In this paper, for the

sake of simplicity, suppose that N(Dnext) is such that

uli,max >= maxj∈{1,...,nl} ‖xli(p(Dnext)) − vj(Dnext)‖,

where vj denotes the j-th vertex of Dnext. This implies

that the input constraint (B) allows each leader to reach any

vertex of Dnext in at most N(Dnext) time steps. Under

this assumption, the rule S can be assigned arbitrarily.

Denote by J̃o
li,vj

(p(Dnext)) the DC-MPC optimal solution

J̃o
li
(p(Dnext)) subject to zli(Dnext) = vj and by V (Dnext)

the set of vertexes of Dnext. A possible criterion for defining

S is by solving the following perfect matching problem:

S(xl(p(Dnext)),Dnext) = arg min
nl∑

j=1

J̃o
lj ,vlj

(p(Dnext))

s.t.

{
vlj ∈ V (Dnext), j = 1, . . . , nl

vlj �= vlk , ∀j �= k
(7)

In order to complete the definition of the GO mode, a rule for

re-initializing the DC-MPC when this mode is re-activated

are required. We introduce two different methods for re-

initializing the scheme, depending on the case the previous

mode was the STOP or the TARGET mode:

• if STOP2GO: in (5) and (C), replace N(Dnext) with

N(Dnext) + Nstop(Dnext, k), where Nstop(Dnext, k)



denotes the number of time steps in which the leaders’

automaton was in the STOP mode during the execution

of the current subtask prior to k, where k is the current

time instant.

• if TARGET2GO: update the next target region Dnext

and define the new value N(Dnext) (which is assumed

to guarantee the feasibility of the new subtask); conse-

quently, update (5) and (C).

2. STOP mode. In this mode, similarly to [11], the leaders

are halted in order to force the ε-containment; therefore,

xli(k + 1) = xli(k).
3. TARGET mode. This mode has the same features of the

STOP mode, from which it is only kept distinct because the

transition rules are different in the two cases.

In order to complete the description of the hybrid control

system governing the leaders’ motions, it is necessary specify

the state transition rules.

In particular, the transition from GO to STOP and vice

versa is governed by the following two rules:

GUARDGO2STOP : ∃y ∈ Nf : d(xi(k), Ωl) ≥ ε ? (8)

GUARDSTOP2GO : d(xi(k), Ωl) < ε ∀i ∈ Nf ? (9)

The choice of ε is a tradeoff: if a very small value ε is chosen,

the system will generally stay longer in the STOP mode; on

the other side, if ε is large, the containment property will

be less stringent. Since the remaining transitions are shared

with the followed automaton, the corresponding guards will

be detailed below. Observe that, differently from [11], in

rule (9) hysteresis is not included since we are considering

discrete-time models.

B. Hybrid control of the followers

The followers are assumed to be governed by means of

a hybrid control structure described by two states, called

CONTAINMENT and SENSING, see Figure 2. Also in

this case, we assume that there is a single instance of the

automaton associated to the whole group of followers. The

Fig. 2. The followers’ automaton.

CONTAINMENT mode is used to control followers’ motion

while reaching the region to be sensed. The SENSING mode

serves for suitably distributing the followers within the

sensing area Dnext; in particular, the followers are assumed

to take a single-shoot measure when they have reached

the prescribed sensing locations z̄fi(Dnext) ∈ Dnext, as

detailed next.

1. CONTAINMENT mode. In this case the followers

apply the control action described by D-MPC, with

zfi
(k + j) =⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

Ki(Glf )

⎡
⎢⎣

xo
l1

(k + j)
...

xo
lnl

(k + j)

⎤
⎥⎦ , if Ml(k) = GO;

Ki(Glf )

⎡
⎢⎣

xl1(k)
...

xlnl
(k)

⎤
⎥⎦ , ∀j if Ml(k) = STOP ;

(10)

where Ki(Glf ) is the i-th row of KGlGf
, Ml(k) denotes the

active mode in the leaders’ automaton at time k and xo
li
(k+j)

is the optimal state computed by leader li at time k + j .

This implies that, when they are in the GO mode, the leaders

which are neighbors to a follower fi are required to transmit

to it their current state as well as the optimal input sequence

computed by solving the associated DC-MPC problem; we

assume that this operation is instantaneous, in the sense that

both the calculation of the optimal state path of each leader

and the transmission of the predicted values are assumed to

be performed in zero time. Instead, in the case the leaders

are in the STOP mode, their optimal prediction is replaced

by their current state, ∀j, which implies that the target for

each follower is time-invariant. Therefore, in this case the

proposed D-MPC problem reduces to the control scheme

provided in [12], with an additional final state constraint.

2. SENSING mode. In this case the followers are controlled

by means of the DC-MPC scheme described previously,

where N is replaced by a feasible Ns(Dnext) and zi(k) by

z̄fi(Dnext), with z̄fi(Dnext) representing the target sensing

position for follower fi ∈ Nf . Note that the target point in

this case can be chosen according to various criteria which

enables our control scheme to fit with various theoretical

results proposed on the optimal sensor placement. For exam-

ple, our algorithm can fit well with the rule provided in [6]

for optimal sensor placement (see Section III and reference

[6] for details). Finally, note that the DC-MPC algorithm

ensures that, while Ml = TARGET , the target positions

z̄fi for sensing are reached in finite time, ∀fi ∈ Nf .

In the followers’ automaton, the transitions between

the two modes described above are governed by rules

which were also used in the leaders’ automaton, namely

GO2TARGET and TARGET2GO, see in Figure 2. The cor-

responding guards, common to both automata, are specified

as follows:

GUARDGO2TARGET : xli = zli , ∀li ∈ Nl ? (11)

GUARDTARGET2GO : xfi = z̄fi(Dnext), ∀fi ∈ Nf ?
(12)

Note that a suitable initialization for the two pre-

sented automata is given by Ml(0) = START and

Mf (0) = CONTAINMENT , assuming that the ε-

containment property is fulfilled at k = 0. In the next Section

the main properties of the presented control scheme will be

discussed in order to prove that it is effective in order to

solve our control problem.



V. ANALYSIS OF THE CONTROL STRUCTURE

Referring to the theoretical results in [11], in this Section

we aim at showing the following properties of the proposed

control strategy:

• containment: the control action drives back the follow-

ers in the leaders’ polytope (in the sense of Definition

1) in the event that they are not in it;

• liveness: the leader automaton does not stay in the STOP

mode indefinitely;

• convergence: the control scheme accomplishes the con-

trol task, in the sense that all the regions Di, i =
1, . . . , m are visited by the multiagent system.

These issues are addressed in the sequel of this Section and

hinge on previous characterizations of the optimal solutions

to D-MPC and DC-MPC given in [12] and [14].

A. Containment

In our scheme, loosing the ε-containment property implies

transition GO2STOP in the leaders’ automaton or transition

GO2TARGET, in the case that the time instant k̄ in which

the property is lost coincides with the instant in which xli =
zli(Dnext), ∀li ∈ Nl. In the first case, one necessarily has

Mf (k̄) = CONTAINMENT , while in the second case

Mf (k̄) = SENSING.

Theorem 1 The hybrid MPC control strategy proposed

in Section IV guarantees that, if ∃k̄ ≥ 0 such that

d(xfi(k̄),Ωl) ≥ ε for some fi ∈ Nf , then ∃T > 0 finite

such that at time k̄ + T it results d(xfi(k̄ + T ),Ωl) < ε.

Proof: As a first step, consider the case the active modes are

Ml(k̄) = STOP and Mf (k̄) = CONTAINMENT . In

this case, formula (10) implies that the target only depends

on the current positions of the leaders, and therefore is time-

invariant, as already noticed. As a consequence, the control

strategy is equivalent to the one presented in [13] with the

only difference that here there is a final constraint on the

state of the system; this does not spoil the properties of the

optimal state trajectories described in the reference, which

are pointing towards the target point. As a consequence, since

Glf is a directed time-invariant graph, Theorem 5 in [13] can

be easily generalized to our setting. This implies asymptotic

convergence of xfi to zfi . Now notice that by Definition

1, the ε-containment region is always nonempty and full-

dimensional. As a consequence, asymptotic stability implies

that in finite time ε-containment is achieved.

In the second case, we have Ml(k̄) = TARGET and

Ml(k̄) = SENSING, which implies that the convergence

properties of the DC-MPC scheme need to be analyzed. By

a simple reformulation of the result in [14] one can prove

the finite-time convergence of xfi
to z̄fi

(Dnext) and, since

z̄fi(Dnext) ∈ Dnext, ε-containment is guaranteed in this

case, too. This completes the proof. �
B. Liveness

This property is a direct consequence of the preceding

result, ensuring that the time of permanence in the STOP

mode is at most finite.

C. Convergence

Theorem 2 Assuming the feasibility of all MPC subprob-

lems, the hybrid MPC control scheme proposed in Section IV

guarantees a finite-time convergence property, in the sense

that all regions Di, i ∈ {1, . . . , m} are sensed in a finite

number of time steps.

Proof: First consider the case the leaders’ automaton never

goes in the STOP mode. Under this assumption, the complete

task the total execution time of the algorithm is equal

to
∑m

i=1 (NDi
+ NsDi

), where NDi
denotes the prediction

horizon associated to the leaders targeting sensing area Di

and Ns,Di
is the prediction horizon associated to the follow-

ers while in the SENSING mode in region Di. Now note that,

thanks to Theorem 1, it is guaranteed that permanence in the

STOP mode is finite in time, at each occurrence of transition

GO2STOP. Since the DC-MPC algorithm associated to the

GO mode in the leaders’ automaton has finitely many steps,

the complete task is executed in finite time. �

VI. SIMULATIONS

In this Section we propose an application of our control

scheme to a planar problem, with nl = 4 leaders and

nf = 4 followers with the following initial conditions:

xl1(0) = [0 0]′, xl2(0) = [1 0]′, xl3(0) = [0 1]′, xl4(0) =
[1 1]′, xf1(0) = [0.2 0.2]′, xf2(0) = [0.4 0.4]′, xf3(0) =
[0.6 0.6]′, xf4(0) = [0.8 0.8]′ (note that the initial conditions

fulfill the containment property, even if this is not required in

order the algorithm to properly work). The communication

among leaders and followers is described by the following

matrix:

KGlGf
=

⎛
⎜⎜⎝

1
3

1
3

1
3 0

0 1
3

1
3

1
3

1
3 0 1

3
1
3

1
3

1
3 0 1

3

⎞
⎟⎟⎠ (13)

We assume that the sensing task is to successively visit two

regions D1, D2, whose vertexes are:

v1(·) v2(·) v3(·) v4(·)
D1 [2 2]’ [4 3]’ [1 4]’ [5 5]’

D2 [8 2]’ [10 4]’ [8 4]’ [10 2]’

The associated target positions for sensing are:

z̄f1(·) z̄f2(·) z̄f3(·) z̄f4(·)
D1 [2.2 3]’ [1.8 3.8]’ [3.5 3.2]’ [4 4.2]’

D2 [8.5 2.5]’ [8.5 3.5]’ [9.5 2.5]’ [9.5 3.5]’

Clearly, all these target positions fulfill the assumption

z̄i(Dj) ∈ Dj , i = 1, . . . , 4, j = 1, 2. A further assumption

is that zli(Dj) = vli(Dj), li = 1, . . . , nl, j = 1, 2. It is now

possible to give a graphic representation of the complete task,

which is depicted in Figure 3.

We assume that there are no input constraints and all

weights in D-MPC and DC-MPC problems are unitary;

finally, we assume N = 6 and Ns = 4, while ε = 0.001.

Simulations show that the complete task is performed in 21
time steps, since there is a stop at time k = 11. Figure

4 shows the state of the system when leaders reach the
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Fig. 3. The sensing task considered in the example. The left box describes

the initial condition, the central one is associated to D1 and the right one

to D2.

TARGET mode associated to D1 while the followers switch

to the SENSING mode. Finally, figure 5 shows the violation

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
1.5

2
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3

3.5
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4.5

5

Time k=6

x
1
(k)

x 2(k
)

Fig. 4. Time k = 6: xli (6) = vi(6), i = 1, . . . , nl while the sensing

positions associated to D1 have not been reached.

of the containment property at at time k = 11.

VII. CONCLUSIONS

In this paper we considered the use of MPC-based con-

sensus policies for a mixed containment-covering problem.

A two-layered control architecture has been proposed, where

leader agents govern the overall motion of the team of

follower agents, while followers, representing sensing units,

move confined in the leaders’ polytope. Future extensions

of this work could be about possible generalizations of

the proposed strategies to the case of multi-layered control

structures, as in [11].
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