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Abstract— In this paper, a novel decentralized swarm aggre-
gation algorithm for multi-robot systems with an integrated
obstacle avoidance is proposed. In this framework, the inter-
action among robots is limited to their visibility neighborhood,
i.e., robots that are within the visibility range of each other.
Furthermore, to better comply with the hardware/software
limitations of mobile robotic platforms, robots actuators are
assumed to be saturated. A theoretical characterization of the
main properties of the proposed swarm aggregation algorithm
is provided. Simulations have been carried out to validate the
theoretical results and experiments have been performed with a
team of low-cost mobile robots to demonstrate the effectiveness
of the proposed approach in real scenario.

I. INTRODUCTION

Multi-robot systems have been a very attractive research

area in the last two decades. The attention given by the

robotics community to this research field is motivated by

the wide range of applications which can be carried out by a

team of robots, such as environmental exploration [1], search

and rescue operations [2], coverage tasks [3], agricultural

foraging [4] or sweeping operations [5].

Several important research problems arise in multi-robot

systems, ranging from localization [6], [7], task sequencing

and mission-control [8], [9] to decentralized coordination

[10], [11], [12], [13]. In this work, we consider the decen-

tralized coordination problem for swarm robotics. Swarm

robotics can be defined as the study of how a group of

relatively simple, low-cost robots can be constructed to

collectively accomplish tasks that are beyond the capabilities

of a single one while providing a higher robustness and

flexibility. The reader is referred to [14], [15] for a complete

overview on swarm robotics.

Different swarm aggregation algorithms can be found in

the literature [16], [17], [18], [19]. Some of these algorithms

considers also actuator saturations [20], [21], [22].

In this paper, we present a novel decentralized swarm

aggregation algorithm for team of robots with limited one-

hop interactions and actuators saturation. This work, com-

pared to our previous contributions [23], [24], presents two

major novelties: i) the actuator saturation can be asymmetric
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with respect to the forward and backward velocity to better

comply with the hardware/software specifications, and ii) the

obstacle avoidance algorithm can be easily integrated within

the local control law of each robot ensuring a safer navigation

in an environment filled with obstacles.

II. PRELIMINARIES

Let us consider a swarm composed of n robot whose

interaction can be modeled by means of an undi-

rected time-varying proximity graph G(t) = {V,E(t)}
where V = {1, . . . , n} are the vertices (robots) and

E(t) = {ǫij(t)} the set of edges representing the interac-

tion between pairs of robots. An edge ǫij(t) exists be-

tween a pair of robots i and j if and only if they

are within the range of visibility of each other, i.e.,

ǫij(t) = 1 ⇔ ‖xi(t)− xj(t)‖ ≤ r, otherwise ǫij(t) = 0,

where xi(t) ∈ R
d is the location of the i-th robot, ‖ ·‖ is the

Euclidean norm and r is the range of visibility. Let us denote

with A(G(t)) the adjacency matrix of G(t) whose entries

aij(t) = 1 ⇔ ǫij(t) = 1, otherwise aij(t) = 0. Further-

more, let us denote the set of neighboring robots for the i-th
robot with Ni(t) = {j ∈ V \ {i} : ǫij(t) = 1}. In addition,

let us denote with D(G(t)) = diag
(
D1(t), . . . , Dn(t)

)
the

degree matrix of G(t), where Di(t) = |Ni(t)| is the degree

of the i-th robot. Finally, let us denote with L(G(t)) =
D(G(t))−A(G(t)) the n× n Laplacian matrix of G(t). For

the sake of readability the notation L(t), A(t), D(t) will be

used in the rest of the paper.

Let us now review some important properties of the

Laplacian matrix L. First, let us recall that L is a weakly

diagonal dominant symmetric matrix for which both the row

sum and the column sum are equal to zero. This implies

that there is always at least a zero structural eigenvalue

whose corresponding eigenvector is 1, the n-vector with

all unit components. Thus L(G) 1 = 0 and 1TL(G) = 0T

for any G. Furthermore, the number of zero eigenvalues

corresponds to the number of connected components of G,

that is Rank(L(G)) = n − c, with c the number of con-

nected components. In addition, according to the Gershgorin

Circle Theorem, all the eigenvalues of the Laplacian are

real and positive, and in particular belong to [0, 2Dmax(G)],
where Dmax(G) = maxi∈V {Di(G)} is the maximum degree

among the nodes in the graph. Among the others, the second

smallest eigenvalue λ2(L), called algebraic connectivity,

plays a key role as it provides information about the con-

nectedness of the graph. For the sake of readability, the time-

dependency will be omitted in the following if not strictly

required.
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III. AGGREGATION CONTROL LAW

Let us consider a swarm of n mobile robots for which,

as detailed in Section II, the interaction is described

by means of an undirected time-varying proximity graph

G(t) = {V,E(t)}. In particular, for each mobile robot i
consider the following dynamics:

ẋi =

∑

j∈Ni(t)

γij g(xi − xj)

∑

j∈Ni(t)

γij
(1)

where γij is the weighting factor between each pair of

neighboring robots i and j defined as:

γij =
1

‖xi − xj‖α
, with α ≥ 1,

and g(·) is the interaction function defined as:

g(y) =
y

‖y‖
[(

gr(‖y‖)− ga(‖y‖)
)]

, y ∈ R
d (2)

with ga(·) : R → R and gr(·) : R → R the attraction and

repulsion functions, respectively. Note that, by construction

the interaction function is odd, that is g(y) = −g(−y). In

particular, the attraction and repulsion functions are defined

as follows:
ga(‖y‖) = a(1− Φ(‖y‖)),
gr(‖y‖) = b Φ(‖y‖), (3)

where a, b > 0 are constant values and Φ(·) : R → R

a suitable generalized function. Note that, the term

gr(‖y‖)− ga(‖y‖) by construction takes values within the

range [−a, b].

The following assumptions are made on the attractive and

the repulsive functions and on the generalized function Φ(·),
respectively.

Assumption 1: There exists a unique distance δ at

which the attractive and repulsive functions balance, i.e.,

ga(δ) = gr(δ). Furthermore, it is ga(‖y‖) ≥ gr(‖y‖) for

‖y‖ ≥ δ and ga(‖y‖) < gr(‖y‖) for ‖y‖ < δ.

Assumption 2: A generalized function Φ(·) must satisfy

the following properties:

• monotonic function

• lim‖y‖→0 Φ(‖y‖) = 1

• lim‖y‖→∞ Φ(‖y‖) = 0

Example 1: As an example of generalized function Φ(·),
let us consider:

• exp

(

−‖y‖β
c

)

with β ≥ 1 and c > 0,

• sech
(
−‖y‖β

)
with β ≥ 1.

As pointed out in the introduction, compared to the

approaches for swarm aggregation we previously proposed

in [23], [24] the control law given in eq. (1) has two major

advantages:

1) It allows the input saturation to be asymmetric with

respect to the forward and backward velocity to better

comply with the hardware/software specifications.

2) It allows an easier and yet more natural integration of

the obstacle avoidance.

Let us now focus on the obstacle avoidance integration.

In [24], the authors introduce an effective way to integrate

the obstacle avoidance. An obstacle is represented as a set

of virtual robots created on the boundary of the closest

obstacle by projection, i.e. they are located on the boundary

of the obstacle at the minimum distance from the detecting

robot. Furthermore, the cardinality of this set of virtual robots

has to be at least equal to the current neighborhood of the

considered robot. Indeed, this would prevent any collision

because the repulsion originated by the virtual robots will

certainly counteract any possible influence by the actual

neighbors. Note that, to avoid an undesired attraction to the

obstacle, the activation threshold for the obstacle avoidance

algorithm must be set to the distance for which the repulsive

and attractive actions balance.

In this work, instead, by using the control law given in

eq. (1) only one virtual robot has to be projected on the

closest obstacle. This can be explained by the fact that the

control law proposed in this work relies on the presence of

weighting factors γik. To better understand this concept let

us denote with xk the location of a virtual robot representing

an obstacle detected by a given robot i. It is worthy to recall

that, also in this case, the virtual robot is projected on the

closest obstacle only if the distance from the actual robot to

the obstacle itself is shorter than equilibrium distance of (1),

i.e., the distance for which the repulsive and attractive actions

balance. Then, if the robot i moves close to the virtual robot

xk the term γik = 1
‖xi−xk‖α increases, therefore the control

contribution due to the interaction with the virtual robot

becomes more relevant and this allows to prevent a collision

with the virtual robot k associated to a certain obstacle

regardless of the cardinality of the current true neighborhood

of robot i. Obviously, for the sake of the input saturation, this

procedure requires a normalization term γi for each robot i
to generate a feasible control input, that is:

γi =
∑

j∈Ni(t)

γij =
∑

j∈Ni(t)

1

‖xi − xj‖α
> 0. (4)

Note that, in this work obstacles are assumed to be convex

in order to ensure the repulsive action to be continuous. In

the case of not convex obstacles, it is always possible to

resort to well known convex decomposition techniques, see

[25, Chapter 7], so that this assumption can be satisfied.

In the following, the main properties of the proposed

swarm aggregation algorithm will be proven. In that view, let

us now introduce some useful tools for the analysis. In partic-

ular, let us denote with x̄(t) =
1

n

∑n

i=1 xi(t) the barycenter

of the swarm and with ei(t) = xi(t)−x̄(t) the vector distance

of robot i from the barycenter x̄(t). Also, let us denote with

e(t) = [e1(t) . . . en(t)]
T the collection of all the distances
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from the barycenter and with χ(t) =
[
x1(t) . . . xn(t)

]T
the

collection of all the agents locations.

The following assumptions will be considered in the rest

of the paper for the sake of the analysis.

Assumption 3: The graph G(t) remains connected all the

time. Furthermore, it is λ2(L̂(t)) ≥ λ2,min(L̂(t)) with L̂ the

error Laplacian matrix whose elements definition is given in

eq. (12).

Assumption 4: There exist functions Ja(‖y‖) : R+ → R
+

and Jr(‖y‖) : R+ → R
+ such that:

∇yJa(‖y‖) =
(

1

‖y‖

)α
y

‖y‖ ga(y),

∇yJr(‖y‖) =
(

1

‖y‖

)α
y

‖y‖ gr(y).

A. Steady State Analysis

In the following we prove that the multi-robot system

always reaches a steady state equilibrium for any given initial

condition.

Theorem 1: Consider a swarm of robots whose dynamics

is described by eq. (1). Then the swarm converges to an

equilibrium state for any initial condition.

Proof: Define J(‖y‖) = Ja(‖y‖) − Jr(‖y‖),
with Ja(·) and Jr(·) as in Assumption 4. Consider

the following (generalized) common Lyapunov candi-

date V (t) = 1
2

∑

(i,j)∈E(t) J(‖xi(t)− xj(t)‖) whose time

derivative is:

V̇ (t) =
n∑

i=1

(∇xi
V (t))T ẋi(t)

= −
n∑

i=1

∑

j∈Ni(t)

γij ‖ẋi‖2 ≤ 0.

(5)

being ∇xi
V (t) = − ∑

j∈Ni(t)
γij ẋi(t). Hence, using

LaSalle’s Invariance Principle, it follows that as t → ∞ the

state χ(t) converges towards the largest invariant subset of

the set where V̇ (t) = 0, that is:

Ωe = {χ : χ̇(t) = 0},
which proves the thesis as Ωe is made of equilibrium points.

Example 2: Consider the following generalized function

Φ(‖y‖) = exp(−‖y‖4

c
). Then, the Assumption 4 is satisfied

and the following (generalized) Lyapunov candidate can be

used in Theorem 1:

V (t) =
∑

(i,j)∈E(t)

[

− a

2 ‖xi − xj‖4

+(a− b)



− e−
‖xi−xj‖

4

c

2‖xi − xj‖2
−

√
π Erf

(
‖xi−xj‖2

√
c

)

2
√
c









with Erf(y) = 2√
π

∫ y

0
e−t2dt the error function.

B. Cohesiveness Analysis

In the following we prove that the multi-robot system

converges towards a bounded region whose size is a function

of the parameters of the interaction function and of the

network topology.

Theorem 2: Let us consider a swarm of robots whose

dynamics is described by eq. (1). Then the swarm moves

towards and remains within a bounded region:

Br =

{

‖χ(t)− χ̄‖ ≤
√
n

λ2,min(L̂)

(

1 +
b

a

)}

(6)

with χ̄ = 1 ⊗ x̄.

Proof: Let us take into account the following Lyapunov

candidate function V =
∑

i
1
2e

T
i ei, whose time derivative

is:

V̇ =
∑

i

eTi ėi =
∑

i

eTi (ẋi − ˙̄x) =
∑

i

eTi ẋi

︸ ︷︷ ︸

V1

−
∑

i

eTi ˙̄x

︸ ︷︷ ︸

V2

.

We know from [24] that due to the limited interaction range

and to the saturation effects, the barycenter is no longer

stationary. Nevertheless, the dynamics of the barycenter does

not affect the value of the time derivative of the Lyapunov

function, namely:

V2 =
∑

i

eTi ˙̄x =

(
∑

i

eTi

)

( ˙̄x) = 0
T ( ˙̄x) = 0. (7)

Let us now consider the contribution Vi given by the i-th
robot to the term V1:

V̇i =− eTi
γi




∑

j∈Ni(t)

γij
(xi − xj)

‖xi − xj‖
ga(‖xi − xj‖)

−
∑

j∈Ni(t)

γij
(xi − xj)

‖xi − xj‖
gr(‖xi − xj‖)





At this point, by substituting ga = a(1− Φ(‖xi − xj‖))
and gr = b Φ(‖xi − xj‖) in the previous equation it follows:

V̇i = −eTi
γi




∑

j∈Ni(t)

γij
(xi − xj) a(1− Φ(‖xi − xj‖))

‖xi − xj‖

−
∑

j∈Ni(t)

γij
(xi − xj) b Φ(‖xi − xj‖)

‖xi − xj‖





≤ − a

γi

∑

j∈Ni(t)

γij
eTi (xi − xj)

‖xi − xj‖

+
(a+ b)

γi

∑

j∈Ni(t)

γij‖ei‖ Φ(‖xi − xj‖)
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Now, by considering that Φ(‖xi−xj‖) ≤ 1, the following

holds:

V̇i ≤ − a

γi

∑

j∈Ni(t)

γij
eTi (xi − xj)

‖xi − xj‖α̂
+

(a+ b)

γi
‖ei‖

∑

j∈Ni(t)

γij

Noticing that the last term of the equation is equal to γi,
we obtain the following:

V̇i ≤ − a

γi

∑

j∈Ni(t)

γij
eTi (xi − xj)

‖xi − xj‖
+ (a+ b)‖ei‖.

(8)

Recalling that (xi − xj) = (ei − ej), by substituting the

previous equality in eq. (8), we obtain:

= − a

γi

∑

j∈Ni(t)

γij
eTi (ei − ej)

‖ei − ej‖
+ (a+ b)‖ei‖. (9)

It turns out that in order to have a semi-definite negative

(SDN) time derivative of the Lyapunov function, the follow-

ing condition must be satisfied:

− a

γi

∑

j∈Ni(t)

γij
eTi (ei − ej)

‖ei − ej‖
+ (a+ b)‖ei‖ ≤ 0,

or, in other terms:

(a+ b)‖ei‖ ≤ a

γi

∑

j∈Ni(t)

γij
eTi (ei − ej)

‖ei − ej‖
.

Let us now consider all the elements of the term V1:

V̇1 =

n∑

i=1



− a

γi

∑

j∈Ni(t)

γij
eTi (ei − ej)

‖ei − ej‖
+ (a+ b)‖ei‖



 ≤ 0.

The previous equation can be restated as follows:

(a+ b)
n∑

i=1

‖ei‖ ≤
n∑

i=1




a

γi

∑

j∈Ni(t)

γij
eTi (ei − ej)

‖ei − ej‖



 . (10)

Basically, what we are looking for is a lower bound of the

term:

a

n∑

i=1



wi

∑

j∈Ni(t)

γij
eTi (ei − ej)

‖ei − ej‖



 , (11)

where wi =
1

γi
has been used. To this aim, let us take into

account the following row-stochastic error Laplacian matrix

L̂:

l̂ij =







∑

j∈Ni(t)

γij
wi

‖ei − ej‖
j = i

−γij
wi

‖ei − ej‖
j ∈ Ni(t)

0 otherwise.

(12)

Equation (11) can be restated in terms of the algebraic

connectivity of the Laplacian matrix L̂ as follows:

a

n∑

i=1



wi

∑

j∈Ni(t)

γij
eTi (ei − ej)

‖ei − ej‖



 = a eT L̂de, (13)

where L̂d = L̂⊗Id and ⊗ denotes the Kronecker product. For

the quadratic form in (13), the following inequality holds:

a eT L̂de ≥ a λ̂2(L̂)‖e‖2, ∀ e /∈ span{1⊗ ξ1, . . . ,1⊗ ξd}

where ξi is the i-th vector of the canonical base in R
d.

It is worthy to note that e ∈ span{1⊗ ξ1, . . . ,1⊗ ξd}
implies:

x = [x1, . . . , xn]
T ∈ span{1⊗ ξ1, . . . , 1⊗ ξd},

or, in other terms, x1 = . . . = xn. This case represents

a trivial steady state for the interaction dynamics given

in eq. (1), namely all the robots are collapsed to the

same point. Furthermore, it should be pointed out

that this trivial steady state could be reached only if

x(t0)= [x1(t0), . . . , xn(t0)]
T ∈ span{1⊗ ξ1, . . . , 1⊗ ξd}.

Therefore, it turns out that span{1 ⊗ ξ1, . . . , 1 ⊗ ξd}
is an invariant subspace which is orthogonal to the

swarm trajectories under the assumption that the initial

conditions do not belong to such a subspace, i.e.,

x(t0)= [x1(t0), . . . , xn(t0)]
T /∈ span{1⊗ ξ1, . . . , 1⊗ ξd}.

Let us substitute the previous equation in eq. (10). The

following is obtained:

(a+ b)
√
n‖e‖ ≤ aλ̂2(L̂)‖e‖2,

where the fact that
∑n

i=1 ‖ei‖ ≤ √
n‖e‖ has been used.

It is worth to point out that the algebraic connectivity

λ̂2(L̂) is a function of the Laplacian matrix thus it depends

upon the errors ei, ∀i ∈ V . Nevertheless, it is possible to

derive a bound which does not depend upon e by recalling

the Assumption 3 as follows:

(a+ b)
√
n‖e‖ ≤ aλ̂2,min(L̂)‖e‖2. (14)

Now, since the previous inequality can be restated as:

V̇1 ≤ −‖e‖
[

aλ̂2,min(L̂)‖e‖ − (a+ b)
√
n
]

≤ 0,

and by recalling that V̇2 = 0 due to eq. (7), it follows that

the derivative of the Lyapunov candidate is semi-definite

negative if the following condition holds:

‖e‖ ≥ (a+ b)
√
n

aλ̂2,min(L̂)
=

√
n

λ̂2,min(L̂)

(

1 +
b

a

)

(15)

Therefore, the swarm moves towards the region:

‖χ− χ̄‖ ≤
√
n

λ2,min(L̂)

(

1 +
b

a

)

with χ̄ = 1 ⊗ x̄.

Note that, the result given in Theorem 2 holds for a

dynamics where each robot is assumed to have a time-

varying neighborhood (eq. (1)). Therefore, no further sta-

bility analysis is required for the integration of the obstacle

avoidance as it simply involves the addition/removal of a

virtual robot to the neighborhood of any robot which is closer

than a given threshold to an obstacle.
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C. Time convergence

In the following, we prove that the multi-robot system

moves towards the bounded region given in Theorem 2 in

finite-time.

Theorem 3: Let us consider a swarm of robots whose

dynamics is described by eq. (1) . Then the swarm moves

arbitrarily close to the bounded region Br defined in Theo-

rem 2 in finite-time tf , that is:

tf ≤ − n

2 ε a λ̂2,min(L̂)
ln

(
ξ2

2V (0)

)

(16)

with ξ defined as follows:

ξ = (1 + η)

√
n

λ̂2,min(L̂)

(

1 +
b

a

)

(17)

where η =
ε

1− ε
with ε ∈ (0, 1).

Proof: In order to prove the lemma, let us consider the

bound given in eq. (14):

V̇ ≤ −a λ̂2,min(L̂)‖e‖2 + (a+ b)
√
n‖e‖

≤ −ε a λ̂2,min(L̂)‖e‖2

− ‖e‖
[

(1− ε) a λ̂2,min(L̂)‖e‖ − (a+ b)
√
n
]

At this point, if the following condition holds:

(1− ε) a λ̂2,min(L̂)‖e‖ − (a+ b)
√
n > 0

that is:

‖e‖> 1

(1− ε)

(a+ b)
√
n

a λ̂2,min(L̂)
=

1

(1− ε)

√
n

λ̂2,min(L̂)

(

1+
b

a

)

= ξ.

Then:

V̇ ≤ −ǫ a λ̂2,min(L̂)‖e‖2 ≤ −ǫ a
λ̂2,min(L̂)

n

n∑

i=1

‖ei‖2

≤ −2 ǫ a
λ̂2,min(L̂)

n
V (t)

Thus, the swarm moves arbitrarily close to the bounded

region in finite time:

tf ≤ − n

2 ǫ a λ̂2,min(L̂)
ln

(
ξ2

2V (0)

)

IV. ALGORITHM VALIDATION

In order to validate the theoretical analysis and the effec-

tiveness of the proposed swarm aggregation algorithm several

simulations along with experiments have been carried out.

The following functions and parameters are used in both the

simulations and the experiments:

Φ(‖y‖) = exp

(

−‖y‖4
0.02

)

, γi =
1

‖xi − xj‖3
,

[−a, b] = [−4, 0.4].

A. Simulations

Simulations have been carried out by using the

Player/Stage simulation environment, i.e., [26]. In the ac-

companying video, a typical example of swarm aggregation

behavior for a swarm composed of 15 units moving from the

left to the right within an environment filled with obstacles is

shown. In the simulated environment, several obstacles are

placed along with a narrow passage in order to show the

ability of the swarm to move safely through the cluttered

environment exhibiting a cohesive behavior.

B. Experiments

Experiments have been carried out by exploiting 5 units

of the SAETTA mobile robotic platform developed at the

Robotics and Sensor Fusion Lab of the Department of Com-

puter Science and Automation at the University of “Rome

Tre”.

The SAETTA mobile robot is a low-cost robotic platform

which features a complete sensorial system, a very accurate

traction in indoor environment, and a wireless communi-

cation channel for multi-robot applications. Further details

regarding the SAETTA platform can be found in [27]. Each

SAETTA unit was equipped with a compass to let the swarm

share a common heading reference. This allows for a human

supervisor to issue guidance commands to the swarm. The

supervision was limited to high-level guidance commands,

e.g., “move to the north” referred to the swarm as a whole.

Robots were responsible for the execution of the guidance

commands while showing a cohesive behavior through local

interaction. Furthermore, this central unit has been also

equipped with a low-cost vision system to retrieve the

relative distance among the robots. Communication between

the central unit and the swarm has been realized by means

of a wifi channel. Details concerning the integration of the

aggregation and execution of the guidance commands and

other information regarding the experimental setup can be

found in [23] and references therein.

In the accompanying video, a typical example of swarm

aggregation and guidance for a team composed of 5 SAETTA

units in an environment filled with 4 obstacles is shown.

It can be noticed by watching the video how the swarm

can safely move within the environment by avoiding the

obstacles while showing a cohesive behavior. Figure IV-A

shows a sequence of screenshots representing four instants

of the experiment we carried out. It should be noticed

that obstacles were placed in such a way that only one

robot could safely move within two obstacles. In particular,

Figure 1(a) depicts the initial configuration for the swarm

which is about to move towards the north of environment.

Figure 1(b) depicts the swarm approaching an obstacle on the

east of the environment, it can be noticed how the swarm

is approaching the obstacle in order to move around it as

a whole. Figure 1(c) depicts the swarm splitting around

an obstacle. Finally, Figure 1(d) depicts the swarm moving

between two obstacles. It can be noticed how the swarm,

according to the fact that only one robot can safely move

between two obstacles, shapes itself roughly as a line.
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(a) Starting Configuration (b) Moving Around an Obstacle (c) Splitting Around an Obstacle (d) Moving Between Two Obstacles

V. CONCLUSIONS

In this work, we have proposed a novel decentralized

swarm aggregation algorithm for multi-robot systems.

The novelties introduced in this work compared to our

previous contributions [23], [24] concern the fact that the

actuator saturation can be asymmetric with respect to the

forward and backward velocity to better comply with the

hardware/software specifications, and the fact that the obsta-

cle avoidance algorithm can be more easily integrated within

the local control law of each robot ensuring a safer naviga-

tion within environments filled with obstacles. A theoretical

characterization of the properties of the proposed swarm

aggregation algorithm has been provided. Furthermore, sim-

ulations along with experimental results carried out with the

SAETTA mobile robotic platform developed at the Robotics

and Sensor Fusion Lab of the Department of Computer

Science and Automation at the University of “Rome Tre”

have been provided to corroborate the theoretical results.

Future work will be focused on the integration of a con-

nectivity maintenance algorithm within the proposed control

schema and its theoretical validation.
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