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Abstract²In most real multi-robot applications, e.g., search-

and-rescue, cooperative robots have to fulfill their tasks while 

driving and communicating among themselves without the aid 

of a network infrastructure. However, initially deploying au-

tonomously a wireless sensor robot network in a real environ-

ment has not taken the proper attention. This paper presents 

an autonomous and realistic initial deployment strategy, based 

on a hierarchical approach, in which exploring agents, denoted 

as scouts, are autonomously deployed through explicit cooper-

ation with supporting agents, denoted as rangers. To evaluate 

the initial deployment strategy proposed, experimental results 

with a team of heterogeneous robots are conducted using modi-

fied low-cost platforms previously developed by the authors. 

Preliminary results show the effectiveness of the method and 

pave the way for a whole series of possible new approaches. 

I.  INTRODUCTION 

he initial deployment of mobile robots has not been fully 
addressed and only a few studies evaluating its relevance 

have been conducted. For instance, in a search and rescue 
(SaR) mission, robots need to move in a catastrophic scenar-
io in order to find survivors. When robots are transported to 
the catastrophe site, they need to be properly deployed. The 
deployment problem consists in deciding how many robots 
and where they will be initially located before performing 
the mission (e.g., coverage, herding, formation and others). 
Despite the lack of works studying the initial deployment 
effect on the performance of the robotic team, a wrong deci-
sion about the number of robots and their initial location may 
greatly jeopardize the mission [1]. For instance, in several 
iterative optimization problems, it has been shown that good 
initial estimates can lead to faster convergence (e.g. [2]). 

One of the first works that addressed the effect of differ-
ent initial deployments was presented in [3]. The authors 
evaluated their coverage algorithm using both centralized 
and random initial deployments and concluded that the algo-
rithm convergence was slower using a random initial de-
ployment but tended to lead to better overall coverage for 
sparse topologies. The work of [4] extends the sensory capa-
bility of plume tracking systems using swarms of robots 
deployed in the proximities of a common starting point. 

However, the authors do not go to any lengths to explore the 
plume tracking effectiveness within other initial deployment 
strategies. In [5], a strategy to assign starting points and 
orientations of robots within circles of different radius 
around a prey is presented. Despite the apparent advantages 
of this deployment strategy in this context, no other strate-
gies were evaluated, thus being hard to predict if the number 
of unsuccessful trials is somehow related with the initial 
deployment of robots. The authors in [6] and similarly in [7] 
presented a robotic swarm algorithm in which the initial 
position and velocity of robots were randomly generated 
within an area limited to one corner near the origin of coor-
dinates of the workspace. In [8], a three dimensional de-
ployment strategy was explored. The main difference with 
other works resides in the fact that robots autonomously 
move in a 3D space (e.g., coordinated formation flight and 
reconfiguration of unmanned aerial vehicles [9]).  

Despite the scientific accomplishments of the previously 
described works, none of them specifies how robots are 
initially deployed within a scenario ± most of the works 
assume that robots are manually deployed or they simply 
³start´� LQ� some location. The ones that do not assume this 
hard restriction usually have the robots entering in the envi-
ronment through the same gate and move to predetermined 
points, like [10]. An example of a more realistic approach 
was presented in [11] in which the authors divided the popu-
lation of real robots into two different platforms: rangers and 
scouts. Despite the innovation of the work, the deployment 
strategy was accomplished through a launcher system. How-
ever, in most applications in unknown scenarios (e.g., SaR 
missions) this would require robots to be able to measure the 
relative distance between themselves or to be equipped with 
global localization systems (e.g., GPS) to allow an efficient 
processing of the exchanged information. Similarly to 
5\EVN\¶V�ZRUN� [11], the approach herein proposed handles 
the initial deployment problem hierarchically dividing the 
heterogeneous population of robots into rangers and scouts. 
Each ranger handles the initial deployment of scouts in a 
distributed and autonomous fashion. To that end, the Trax-
Bot platform previously presented in [12] acts as a ranger in 
order to allow the transportation of a maximum of five 
scouts enacted by eSwarBot platforms [13]. The ranger suc-
cessively deploys the scouts, instructing them of their initial 
pose while maintaining a maximum communication range 
between scouts, thus guaranteeing the full connectivity of the 
wireless sensor robot network (WSRN). 

There are two key contributions in this work. Firstly, an 
innovative systematic method for hierarchically deploying 
swarm agents in an unknown scenario, under communication 
constraints, which guarantees wide distribution in space to 
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The experimental tests presented in this section confirm 
that the algorithm for initial deployment of robots produces 
an effective distribution of the scout robots in the testing 
arena, which is very important for exploratory swarm tasks, 
especially when no information about the environment is 
known. Note that the error analysis presented shows an 
odometric limitation that is inherent to the platforms and not 
to the approach itself. By validating this valuable approach 
in real platforms, the foundations were laid for a whole 
series of possible new methods for positioning scout robots 
efficiently. The herein presented approach progressively 
deploys scouts in the environment in a distributed fashion, 
by moving away from the last deployed scout. Note that in 
this paper, the focus was on describing and verifying the 
approach. Further analysis should be conducted to study the 
effect of initial deployment in the performance of coopera-
tive swarm robotic teams. Moreover, to deal with the uncer-
tainty resulting from real and more complex scenarios, the 
odometry is clearly insufficient to achieve a reliable target 
deployment. Hence, Simultaneous Localization and Map-
ping (SLAM) algorithms and laser range finders should be 
used (cf., [17]). 
6LQFH�LW�LV�WKH�DXWKRUV¶�EHOLHI�WKDW�H[WUD�DWWHQWLRQ�VKRXOG�

be given to the initial deployment problem by the robotics 
community, it is foreseen that many contributions will be 
presented, in the near future, to better understand this phe-
nomenon. 

V. CONCLUSION 

This paper proposes a hierarchical and heterogeneous multi-

robot system composed by rangers and scouts to test an 

initial deployment approach for swarm foraging, which was 

evaluated using real physical platforms. The deployment 

strategy considers the maximum range between robots to 

allow the full connectivity of the WSRN. To allow the de-

ployment of multiple scouts, the ranger platform was aug-

mented with a conveyor kit, which was described in detail, 

supporting up to 5 scouts. Results show that, despite odome-

try errors, scouts turn out to be uniformly deployed within 

the test scenario. As future work, the deployment strategy 

may be extended to consider the RSSI level, in terms of 

signal quality between scouts, when unloading them. This is 

particularly important in cases when an obstacle is in the 

communication path between two robots. When this situa-

tion occurs, they may have a significantly lower RSSI value 

than two other robots that are at the same distance but with-

out any interference. Another extension of the deployment 

strategy is to allow robots to explore the scenario immedi-

ately after they are deployed, instead of waiting for the 

deployment of the whole team. This would allow the ranger 

to adapt the next release point according to the already ex-

plored environment. Additionally, in the future, the method 

described in this paper is intended to be used for initially 

deploying scouts in foraging tasks, in order to further ana-

lyze the effect of initial deployment in swarm performance. 
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