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We presenta new robotic concept, called SWARM-BOT, basedon a swarm of
small and simple autonomousmobile robots called S-BOTs. S-BOTs have a
particular assemblingcapability that allows them to connectphysicallyto other
S-BOTs and form a bigger robot entity, the SWARM-BOT. A SWARM-BOT
is typically composedby 10 to 30 S-BOTSs physicallyinterconnected. S-BOTs
can autonomouslyassembleinto a SWARM-BOT but also disassembleagain.
This featureof the S-BOTsprovidesSWARM-BOT with self-assemblingnd self-
recon guring capabilities. Sucha concept,by taking advantagefrom the collective
and distributed approaches,ensuresrobustnesgo failuresevenin hard environ-
ment conditions. The approach presented nds its thearetical roots in recent
studieson swarm intelligence.

In tro duction

Swarm intelligence[1], taking inspiration from sccial insectsbehavior [2], has shavn to
be very e cient for sewral tasks. Despite the increasingnumber of algorithms based
on swarm intelligence, few researth works aim at applying sud a conceptto real mo-
bile robotics. In collective robotics, the researt is pursued mainly at the cortrol level.
Researbers aim at adieving better robustness[10][6] or at improving performancesin
tasks sud as searding [7], transporting [4], sorting [3] or structure building [2]. To the
knowledge of the authors, nobody has so far tried to bring social behavior at a physi-
cal level, allowing robots, for instance, to self-assefble in the sameway as insectsdo.
The only researb eld wherethere is a hardware modularity and someattempts of dis-
tributed cortrol is "self-recon gurable robotics". The best performing systemsin this



casé are MTRAN [8] and PolyBot [5]. Howeer, both systemshave a certralized con-
trol and do not take advantage from the modularity at the cortrol level. The only 3D
self-recon gurablerobot with decerttralized cortrol is actually CONRO, a hardware with
decertralized cortrol doneby Sty et al. [12] and by Salemiet al. [11]. Despite the
interesting possibility of manually changing place of the modules, sud a systemis not
able to readaptits con guration in a exible and autonomousway.

As of today (Spring 2002),no researt: is doneon the application of swarm intelligence
at the physical level, resulting for this in a self-asseiling systembasedon a swarm of
robots. This is actually the aim of the SWARM-BOTS project preserted in the next
section.

The SWARM-BOT concept

The prime goal of this project is the study of a novel designapproad to hardware imple-
mertation of self-organizingrobotic systemscalled swarm-lots. A swarm-bot is a robotic
ertity composedof many (typically 10 to 30) smaller robots asserbled together. These
small robots are called s-lots. Each s-bot is a fully autonomousmobile robot equipped
with asserbling capacities. It canphysically connectto other s-bots to form a swarm-bot.

The swarm-bot can achieve tasksthat areimpossibleto acieve for a singles-bot, like for
instancepassinggapslarger than the s-bot size. The hardware structure is combined with

a distributed adaptive cortrol architecture inspired upon ant colory behaviors. Sud an
approad nds its theoretical roots on recen studiesin swarm intelligence,i.e., in studies
of self-organizingand self-assefling capabilities shovn by sccial animals.

Mec hanical concept

The medanical concept of one s-bot is shavn in gure 1. As can be seenthere, the
mobility is ensuredby a track system. Each track is cortrolled by a motor sothat a robot
canfreely move in the ervironment and rotate on the spot. Thesetracks allow eat s-bot
to move even on moderately rough terrain, with more complexsituations being addressed
by swarm-bot con gurations. The motor basewith the tracks can rotate with respect to
the main body by meansof a motorized axis. A motorized pole on the top let the robot
roll over if it capsizes.The samepole includesan omnidirectional camerausedas sensor
in standard conditions.

S-bots can connectto ead other with two typesof possiblephysical interconnections:
rigid and semi- exible.

Rigid connectionsbetween two s-bots are implemerted by a gripper mounted on a
horizontal active axis. This gripper has a very large acceptanceareathat can securely
graspat any angleand lift (if necessaryyanother s-bot. Similar connectionsare made by
ants to build bridgesor other rigid structures [9].

1For an overview of existing systemsand characteristics see[8]



Figure 1: A graphic visualization of the rst s-bot concept(left). The diameter of the
main body is 110mm. Se\eral s-bots can self-assemle into a swarm-bot (right).

Semi- exible connectionsare implemerted by exible arms actuated by two motors
positionedat the point of attachmert on the main body. The two degreef freedomallow
to extend and move laterally the arm. Ead of thesearms endswith a Velcro®? coated
surfaceand can generatelinks with a complememary Velcro® on the body of the robot.
Rigid and semi- exible connectionshave complemenary rolesin a swarm-bot. The rigid
connectionis mainly usedto form rigid chainsthat have to passlarge gaps(cf. gure 2
left), whereasthe semi- exible onesuits con gurations whereead robot canstill have its

Figure 2: Therigid connection(left) canbe usedto form chainsand passvery big obstacles
and large gaps. The semi- exible connection (right) is usedto keep relative mobility
betweens-bots while they are in a swarm-bot con guration.

own mobility inside the structure (cf. gure 2 right).

2The "Velcro" trademark is the property of its owner.



A swarm-bot can of coursealso include mixed con gurations with both rigid and
semi- exible connections,generating 2D structures sud as chedkerboards (cf. gure 1
right).

Simulation

Due to the huge e ort neededto build physically the system,a simulator is goingto be
designedin order to start studying, testing, and evaluating the behavior of a swarm-bot.
Given the complexity of a real s-bot, it has beenthought of modelling one robot in a
modular and hierarchical way. This meansthat an s-bot will be modeledin separatesub-
parts which could be put togetherin orderto read the opportune level of realismrequired
by the enduser. Thosedetails not neededwill simply be unselectedand hencenot loaded.
Sud a solution allows to have a much leaner simulated world which could be ewlved
in a much more computationally e cient fashion by the underlying simulating engine
(Vortex©3). This last is the core of our simulator and it is a fully dynamics simulating
enginewhich is capable,amongother things, of monitoring cortacts and collisionsamong
the various bodiesloadedinto the system.

Our software builds on top of Vortex® and it is speci cally tailored to deal with a
swarm of robots. Indeed, it is de ned soasto allow end usersto customizeeasily their
model of eat s-bot in a swarm and the experimert they needto run. In orderto acieve
this, a set of primitiv e statemerts is provided to an and-userfor the cortrol of the s-
bots loadedinto the systemand for reading the sensordata gatheredby ead robot unit
from the simulated ervironmert. Notice that the software is thought to provide also
an option for choosing either an outdoor environmert (rough terrain) or an indoor one
(smooth planes). As far as sensorysystemis concerned,t is thought of modelling seeral
types (light sensor,IR, sound, simple vision). Eadh one, could be selectedor unselected
in the initial customization and, those selected,could also be toggled on or o on-line.
The simulator will alsoprovide a handler point, whereusermade cortrol policy could be
introducedin the system.

Discussion and conclusion

We presened the main aspectsof the swarm-bot concept. This newself-assefnling robotic
conceptextendsswarm intelligenceto a physical level. This allows physical collaboration
betweenrobots, for instanceto navigate over di cult obstaclesand gapson all-terrain
conditions. Moreover, the characteristics of the interconnectionsmay help the robot
to use their physical characteristicsto simplify the behavioral algorithms. In the rst

instance, this conceptis goingto be simulated and an appropriate tool is currertly under
dewelopmen. Sud atool will allow swarm-bot end usersto tailor their swarms according
to their researb goal by opportunely tailoring the featuresof ead s-bot they want to

3Trademark owned by Critical Mass Labs, Inc..



use. User made cortrol policiescan also be easily introducedin the systemby meansof
handler point.

The next step of this project will consist, after having built the real prototypes, in
testing the results obtained by simulation in realistic conditions.
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