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1 Introduction

Thedevelopmentof our roboticsoccerteamover the last threeyearshasresultedin a
verystrongteam.Oneof thereasonsis mostprobablythesensorinterpretationcompo-
nent,which leadsto quite accurateandrobustestimationsof theworld state[4,11,7].
Knowing whereeverything is makesplaying soccermucheasierthanwhenonehas
only a vagueideawheretheball might be,or whenoneonly hasa roughestimationof
one’sown positionandorientationon thefield.

Althoughwe arequitesatisfiedwith theperformanceof oursensorinterpretationin
general,it happensneverthelessthat theball positionis misjudgedor playerpositions
arewrongly estimated.Using cooperationin thesensingprocess(by fusing all sensor
dataglobally) canhelp to alleviate many of theseproblematicalsituations– which is
onetopicwe intendto work on.

Another important topic wherewe still seeroom for improvementis the action
selectionprocess.We intend to work on the specificationand executionof complex
behaviors, usinganapproachthat is basedon Dorer’s [2] extendedbehavior networks,
which canbeviewedasa particularform of decision-theoreticplanning.Basedon this
approach,we hopeto be ableto modelmoreof the possiblegamesituationsthanwe
hadmodeledbefore.

2 Team Development

Bernhard Nebel is headof the teamandThilo Weigel is coordinatingthe (software)
developmentprocess.MarkusDietl works on refining local andglobal world model-
ing, Burkhard Dümmlerintegratesthenew goalkeeperinto the team,KlausMüller re-
designstheactionchoicemechanismandMaximilian Thiel is responsiblefor theball
recognition,in particularthe onefor the new goalkeeper. Steffen Gutmannaddresses
miscellaneousissuesin orderto improvetheteam’soverall performance.

3 Robots

Therobothardwarewe employis very similar to theonewe usedin theprevious two
years[4,7].Ourfield playersarePioneer1 robotsenhancedby laserscannersandvision
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systems.This year, we usea new kicking mechanism,which hasbeendesignedand
built by SICK. For local informationprocessingwe useagainToshiba110CTLibrettos
togetherwith the WaveLanradio ethernetfor communicationbetweenthe robotsand
theoff-field computer.

The goalie was completelyredesigned.Now we usea PioneerDX-2 robot. The
expectationis thatthis robot is muchmoreresponsive thanthePioneer1 andis ableto
tracktheball muchbetterusingthepan-tiltSony camera.

4 Perception

As in lastyear’scompetitioneachplayeris equippedwith aSICKLMS200laserrange
finderfor self-localizationandplayerrecognition[7]. Thefield playersperceive theball
with the commerciallyavailableCognachromevision system, whereasthe goalkeeper
usesthe SonyEVI-D30 camera in conjunctionwith the ImagenationPXC 200 frame
grabber. We will refineour vision modulefor thefield playersto further decreasethe
numberof caseswherefield linesor objectsdifferentfrom theball leadto falsepositives
[9]. For the goal keeperwe expect a morereliableball recognitionthanfor the field
playerssincewecountonabettervisionhardwareandcanapplyourown colortraining
mechanismhere.

5 World Model

The world model is similar to the oneusedfor RoboCup’98andRoboCup’99[4,7].
Eachrobotbuilds a local world modelaboutits own positionon thefield, theball po-
sition, andthe positionof otherplayers.This model is extendedby the resultsof the
globalfusioncomponentthatrunsontheoff-field computerandcombinesall estimates
from all otherplayers.This yearwe incorporatea model-basedplayerrecognitionap-
proachin orderto improve theaccuracy of thepositionestimatesfor otherplayers,in
particularthe opponentgoalie.Further, we apply sophisticatedprobabilisticmethods
in order to maintaina coherentworld model.For instance,the global ball position is
estimatedusinga combinationof Markov localizationandKalmanfiltering [1].

6 Communication

Our robotscommunicate– usingtheWaveLanradioethernet– in orderto build up the
globalworld model,to negotiateaboutwhich robot is going to theball, andto initiate
ball passing.

7 Skills

Ourexperiencefrom thelastcompetitionsledusto theconclusionthatmorespecialized
andlesscomplex basicbehaviorsarethekey to a highly responsiveandsmoothoverall
playerbehavior. Througha completeredesignof theskills asof lastyear’scompetition



[4], weexpectthefield playersto reactin amoreadequatewayto awiderrangeof game
situations.By addingnew skills like a fastball interceptionbehavior andanelaborate
ball kicking behavior whichplaystheball to freespacecloseto theopponentsgoal,we
hopeto improve considerablythecurrentteamperformance.

Exploiting the possibility to turn the camerasheadinsteadof turning the entire
robot in orderto searchor track the ball, we partially redesignedthe behavior of the
goalkeeper. This way thegoalkeeperhopefullywill not run into situationsin which he
accidentallymight pushtheball into our own goal.

8 Strategy and Tactics

Theactionselectionmechanismwe useis anapproachbasedon behavior networksas
developedby Maes[6] andrefinedfor thepurposeof playing(simulated)roboticsoccer
byDorer[2]. While weusedasimilarapproachalreadylastyear[8], thistimeweexpect
to haveamorefine-grainedmodelingthatis verysimilarto decision-theoreticplanning.

As in 1999,field playerrolesareassigneddynamicallytakinginto accountthecur-
rentgamesituation[7]. Cooperative play is enabledthroughthepossibilityfor players
to negotiateabouttheir future actions.Direct ball passingandsendinga teammateto
a locationwheretoa playeris aboutto kick theball will hopefully resultin successful
andaestheticroboticsoccer.

In thesemi-finalgameagainstthe Italian teamlastyear, our robotswereremoved
from thefield oneaftertheotherbecausethey supposedlyviolatedthe10-seconds-rule
while trying to get the ball, which was stuck in the goal area.This year, the action
selectionmodulewill considersuchspecialgamesituationsandtaketheminto account
in the deliberationprocess.Anotherspecialgamesituationwhereimprovementsare
possibleis the ball replacementby the refereeafter a gamestuck. If the robotscan
detectsucha gamesituations,they will be ableto find the replacedball much faster
– hopefully fasterthanour opponents.Interestingly, it seemsquite straightforwardto
integratethesefeaturesusingtheformalismof thenew actionselectionapproach.

9 Conclusion

We arebasicallysatisfiedwith thedesignof our team,andbelieve thatwe cannotim-
provemuchon,e.g.,theinterpretationof laserscans[5,3] andthereactivepathplanner
[10].1 Thereareneverthelessa few issueswe believe areworthwhile to work on, both
from a scientificanda performancepoint of view. Oneis theareaof cooperativesens-
ing, wherewehopeto makethesensorinterpretationprocessmorerobustusingaglobal
fusionof all sensordata.Anotherareais themodelingof thegameandthecorrespond-
ing action selectionmechanism. Using a very declarative approachwill enableus to
modelmoregamesituations.Hopefully, thiswill thenresultin a moreeffective game.
1 Well, someimprovementsarealwayspossible.In particularthepathplannermaybeimproved

by anticipatingthe movementsof other players.While this is an interestingresearchtopic
(multi-robotpath-planning),thecommonbelieve in our groupis that we cannotimprove the
performanceof our playmuchby incorporatinga cooperativepath-planningcomponent.
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