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1 Background

Outline For RoboCupagentsa modulararchitecturdor multiagentsystemss desir

able thatenablesisto build ausefulworld modelfor eachagentthatincludesinforma-
tion aboutthe positionof the agentandotherobjects,anda history of pastsituations.
It shouldalso be possibleto specify high-level behavior, suchasa kick to a certain
destinatiorandcooperatie behavior. Therefore the currentwork concentratesn for-

mal agentdesign.The decisionprocesf socceragentscanbe mademoreflexible by

introducingutility functionsfor rationalbehaior asproposedn [8].

A formalism for the specificationof multiagent systemsshould be expressie
enoughto model not only the behaior of one single agent,but also the collabora-
tion amongseveralagentsandthe influencescausedy externalevents.For this, state
madines[7] provide anadequateneansThereforetheapproactof theteamRobolL @
Koblenz2002employs techniquesrom softwareengineeringandartificial intelligence
researchby usingUML statechartandimplementinghemsystematicallyn Prolog [6].

TheRoboLa Team. The RoboLogteamparticipatedn the simulatorcompetitionsn

1999(Stockholm),2000(Melbourne) and2001(Seattle) 3 people JanMurray, Oliver
ObstandFriederStolzenlurg (teamleader) form the coreof the team.Thereare cur-

rently 7 additionalmembersnamelyHeni Ben Amor, JoschkaBodecler, Marion Lev-

elink, JanaLind, ChristophRingelstein Markus Rollmann,andKarstenSturm.As in

previous years,the teamis implementedn two parts.The kernel, hostingthe soccer
senerinterfaceandlow-level functions,is implementedn C++, while thecontrolpro-

gramfor theteambehavior is writtenin Prolog.

In Section2, we presentthe major (new) featuresof RoboLogagents.The main
changeof our teamis that we re-implementedhe computationof the world model,
wherewe distinguishthe sensedcalculated global and fullstate model. We also de-
scribeour approactwith anexplicit statemachine Building agentsfor a scenaricsuch
asthe RoboCupalsorequireshe carefulandefficient programmingof low-level facili-
ties.Rolustself-localizationkicking anddribbling areimportantfeatures\We endwith
remarkson futurework andour work towardscoachingandvisualizationin Section3.

* Thisresearchs partially supportedy thegrantsFu 263/6-1andFu 263/8-1from the German
researcloundationDFG.



2 TeamFeatures

World Modeling In theRoboCupscenariat is veryimportantfor asocceragento have
amodelof theworld which is ascompleteandpreciseaspossible As the ervironment
is only partially availableto the agents sensorsat any givenmomentthe world model
shouldnotonly mapthesensoreadinggo aninternalrepresentatiobut alsotry to keep
trackof objectsthattheagentknowsabout but whicharecurrentlynot pickedup by ary
sensorsTheinformationkeptin theworld modellay the basisfor arny decisionprocess
theagentmay usein orderto selectan appropriatebehaior to execute.But the world
modelmay alsoaid anagentin certaindiagnostictaskslik e determiningthe effectsof
anactionit executeslf the agenthasa modelof its ervironment,which enablest to
predicta future stateof the world baseduponcurrentobsenations,the agentmay also
determinamalfunctiondn its sensor®r actuators.

The RobolLog2002agentsareequippedwith severalworld modelswhich areused
for capturingdifferentviews of theworld. The global world modelis usedasthe basis
for theselectiorof actionsby theagentIn thisworld modeltheagentsbeliefsaboutthe
world andits latestsensoreadingsaremergedto form a consistentmodelof theworld
in thecurrentsimulationstep.Inputsfrom the varioussensorsi.e. see hear andsense-
body messagearecollectedin the sensedvorld model The calculatedworld modelis
derivedfrom the globalworld modelof the lastsimulationcycle by meansof applying
the formulasthat constitutethe physicalmodelusedwithin the soccersener. Finally,
the fullstateworld modelis usedfor storingthe datacorveyed by fullstate messages.
Sincefullstateinformationarenot availableduringa RoboCupcompetition this world
modelis only usedfor deluggingandevaluationpurposes.

At the beginning of each
simulation cycle, the world
models are updatedas fol- t
lows. Starting from the last ------------------- l ———————————————————

global world modelthe nev t+1

calculatedworld model C is SWM.s CWM Gt -
generatedIn a secondstep ~_ = v

the new sensorinputs,_which GWM Gy = —— - - cwM ¢,
have been collected in the compare
sensedworld model S, are

memed into C to yield the Fig. 1. Updatingthe globalworld model.

new global world model G,

which is thenusedby the agent.For diagnosticpurposesa copy ¢’ of the calculated
world modelcanbe madejust beforethe sensorinformationareincluded.Thenit is
easyto comparethe predictedstateof the world with the actualobsenationsmadeby
theagentbecause”’ and G differ only in thosepartsthatareinfluencedby sensoiin-
puts.If thesediscrepanciesretoo largeto be explainedby errorsor tolerancesn the
sensorreadingsthe agentmay infer that eitherone of its componentsr the world is
notfunctioningasexpectedln additionto usingdifferentworld models asmallhistory
of world models,which coversthe last few simulationcycles,is kept by the agentin
orderto furtherenhancehe assumptionshe agentmakesaboutthe ervironmentor its
own state SeealsoFigurel. There,dashedarrons indicateoptionalsteps.



Structued StateMachines. Statechartsare a part of UML [7] and a well accepted
meando specifydynamicbehaior of softwaresystemsAs statedn [4], they canalso
be usedfor the designof multiagentsystemsfor the descriptionof plan modelsfor
single agents We usethemfor the specificationof the whole systemthat consistsof
morethanoneagentin general(seealso[1, 5]). In statechartsstatesareconnectedria
transitionswith annotatecconditions(subdvided into event and guard) and actions.
We distinguishthreetypesof stateswhich aredistinguishedby the cardinality of the
correspondingetsof initial (sub)statessimplestateshave 0, compositestateshave 1,
andconcurrenstate®? or moreinitial states

Thebehavior of agentsor their statemachiness describedy sequencesf config-
urations.A configuationc is arootedtreeof stateswheretherootnodeis thetopmost
initial stateof the overall statemachine A configuratiormustbe completedoy thefol-
lowing procedureif thereis aleaf nodein c labeledwith a compositestates, thenthe
initial stateof s is introducedasimmediatesuccessopf s; if thereis a leaf nodein
c labeledwith a concurrentstates, thenthe treebranchesat this point. In the current
implementatiorof ourteam,anexplicit statemachinein Prologis built in. It processes
thetransitions performingmicro-stepsn this case Severaltransitionscanbe executed
in parallelif they stemfrom concurrentegions,forming a macro-steghen(see[1, 5]).
Figure2 shavsthecoreof our statemachinen Prolog.

step([State| ], Tree) :- Further Featues. The

trans(State, Next), Y%state transition proLog system pr-o—
| vides an extensve

conpl ete(Next, Tree). % conpl ete configuration library that males pre-

step([ Top| Sub], [ Top| Tree]) : - cise object localization
mapl i st (step, Sub, Tree). possible. The whole
step([].[1)- procedureimplemented
in the RoboLog ker
conplete(State, [ State| Conplete]) :- nel is able to work
init(State,lnit), %get initial states even when only little

mapl i st (conplete, Init, Conplete). or inconsistent infor-

mation is given. We

Fig. 2. Statemachinekernelin Prolog. (re)implemented  the

methodfor mobilerobot

localization using landmarksstatedin [2]. If the correspondingequationsystemin

complex numbersis over-determinedthe procedureestimateghe position applying
theleastsquaresnethod.

The ability of a socceragentto performhard and precisekicksis very important.
Therefore,a setof kick routineshasbeenimplementedwhich allows us to perform
precisekicks to given destinationg3]. Also the velocity canbe determinedin order
to evaluatethe performancef thekick routinesthatalsoprovide exceptionalbehavior,
we madesometestsin fullstatemode.



3 Conclusion

Future Work. With therestrictedcommunicatiorfor thisyear, theneedfor othermeans
to coordinatethe teambecamemoreessentialTogethemwith the new rule for kick-ins,
it seemgo beagoodideato make useof assumptionaboutthe behaior of teammates.
This wasdoneby the CMU teamsbefore,wheretheseassumptionsverecalledlocker
roomagreemenf9].

Coad and Visualization. We have also beenprogrammingan online coachin C++
for severalweeksnow. At the momentwe concentrateon opponentimodeling finding
outwhichrole (attacler, midfield player, or defendereachopponenplayerhasandof
which playertypethe exchangedpponenplayersarein orderto opposehemplayers
of ourteamwith appropriateroperties.

Besidegakingpartin thecoachcompetitionfor thefirst time, we alsostartto partic-
ipatein the presentatiortompetition.Theideato developa visualizationsystemarose
duringagameprogrammingpractical. Themaingoalwasto createa visually appealing
presentatiomatherthanto simulaterealsoccemplayers.

With thesedifferenttypesof competitionsthe simulatedsoccerervironmentcan
be usedfor bothour researclaswell aseducationapurposest our university. For our
ongoingresearchhowever, it would be helpfulto have somekind of longtermplanfor
upcomingchangesn the simulatedsoccermworld.
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