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In this paper, we presenta simulatedversionof a poten-
tial deminingproblemin which roboticminesweepersclear
a battleareaof anti-tankminesto enabletroopsto breach
thefield. Thedeminingproblemis modeledasa distributed
optimizationproblemin which therobotsstrive to minimize
an abstractcostfunction. Robotsweresimulatedusingthe
Java basedsimulator, TeamBots (www.teambots.org ).

Thedeminingrobotsareresponsiblefor clearinga direct
verticalpathbetweenthetop andbottomedgesof themine-
field. At eachtimestep,robotsmustselectoneof threepos-
sibleactions:move, scan, or defuse. Eachactionhasa time
costassociatedwith it that representsthe relative difficulty
of thetaskfor therobot;deactivatingminesis not explicitly
modeledin thesimulationasanactuationtask.Thisproblem
hascharacteristicsof theconsume andgraze tasksdescribed
in (Balch& Arkin 1995);robotsexploreunknown areasun-
til they isolatea paththathasfew minesbeforeconverging
to “consume”the mines. By varying the costsassociated
with eachaction,we canmodelthecharacteristicsof differ-
entroboticdeminers.

Previous work suggeststhat a homogeneousstrategy
shouldperformwell in this domain,given its similarity to
otherforaging-typetasks.Howeverwe show thatrobotsus-
ing a simple homogeneousapproachhave difficulty com-
pleting the task due to high inter-robot interference. We
suggestthattheproperwayto approachtheproblemof inter-
ferenceis to make the the robotsmore“team-aware”; each
robot plans its strategy basedon assumptionsaboutwhat
its teammatesaredoing andcurrentsensordata. This ap-
proachworkswell andsubstantiallyoutperformsthesimple
homogeneousapproachin whicheachrobotindividuallyop-
timizes. Although this type of global optimizationcanbe-
comeintractablefor largenumbersof robots,we presentan
efficientalgorithmthatonly considerslocal interactions.

For the “team-aware” optimizationstrategy, eachrobot
models the decision-makingprocessof its nearestpeers.
Sincerobotsoutsidethis neighborhoodarelesslikely to in-
terferethe robot’s goal, their impacton the choiceof next
action is not considered. For eachteammatewithin this
neighborhoodthe robot determineswhetherthe teammate
is alsoheadingfor its chosencolumn. This calculationcan
be performedin
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list of potentialinterferencepoints. The obviousalgorithm
for finding an optimal arrangementof peersto cells in the
chosencolumnrequiresan exhaustive enumeration.Fortu-
natelythesameresultcanbecalculatedfarmoreefficiently.
A robotneedonly considerits

�
bestchoicesratherthanall�

cells,becauseit canneverbeassignedto a worseoption.
Thisenablesusto determinetheoptimalsolutionwhile only
considering

�
	
potentialassignments.Preliminaryresults

indicatethat the “team-aware” strategy performsfavorably
comparedto theindividualoptimizationstrategy; in scenar-
ioswith largernumberof robots( �
� ), theteamrobotsclear
apathfasterandarelesslikely togettrappedbyotherrobots.

Unfortunately, a multirobotsystemcannotalwaysbecre-
atedby cloning a group of single robotsprogrammedfor
the sametask. Therehasto be someawareness,eitheron
thepartof therobotsor thesystemdesigner, of therole that
otherteammemberswill playin completingthetask.Unless
the global task is somehow partitionedamongthe robots,
they will either interferewith eachotheror converge on a
sub-optimaldivisionof labor.

Heterogeneity, eitherbehavioral or functional,canserve
as prior agreementon labor division. Functional hetero-
geneityusuallymeansthatnot all the robotsarecapableof
performingall the tasks,whereasbehavioral heterogeneity
occurswhennot all the robotsareinterestedin performing
the samesectionof the task,at leastnot at the sametime.
This inhibits SPST(sameplace,sametime) interference,as
describedin (Fontan& Mataric1998).

Homogeneoussystemsarewell suitedfor usingteamwork
sinceit is relatively trivial for a a homogeneoussystemto
“model” its fellow teammates.This approachsharessome
similaritieswith the centralplannermethod,althoughit is
oftencomputationallyfastersinceeachrobotonly hasto in-
fer the actionsof fellow robotswithin sensorrange,rather
thantheactionsof theentireteam.
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