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1 Introduction

The developmentof our robotic soccerteamover the lastthreeyearshasresultedin a
very strongteam.Oneof thereasonss mostprobablythe sensointerpretationrcompo-
nent,which leadsto quite accurateandrobustestimationsof the world state[4,11,7].
Knowing whereeverything is makesplaying soccermuch easierthanwhen one has
only avagueideawheretheball might be,or whenoneonly hasa roughestimationof
one'sown positionandorientationon thefield.

Althoughwe arequite satisfiedwith the performancef our sensoiinterpretatiorin
generaljt happenseverthelesghat the ball positionis misjudgedor playerpositions
arewrongly estimatedUsing cooperatiorin the sensingprocesgqby fusing all sensor
dataglobally) canhelp to alleviate mary of theseproblematicalsituations— which is
onetopic we intendto work on.

Anotherimportanttopic wherewe still seeroom for improvementis the action
selectionprocessWe intend to work on the specificationand execution of comple
behaiors, usinganapproactthatis basedn Dorer’s [2] extendedbehaior networks,
which canbeviewedasa particularform of decision-theoretiplanning.Basedon this
approachwe hopeto be ableto modelmoreof the possiblegamesituationsthanwe
hadmodeledbefore.

2 Team Development

Bernhad Nebelis headof the teamand Thilo Weigel is coordinatingthe (software)
developmentprocessMarkus Dietl works on refining local and global world model-
ing, Burkhad Dummlerintegratesthe newv goalkeepeimto the team,Klaus Mulller re-
designgthe actionchoicemechanismand Maximilian Thiel is responsibldor the ball
recognition,in particularthe one for the new goalkeeperStefen Gutmannaddresses
miscellaneousssuesn orderto improve the teams overall performance.

3 Robots

Therobothardwarewve employis very similar to the onewe usedin the previous two
yearg4,7]. Ourfield playersarePioneerl robotsenhancedy laserscannerandvision
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systems.This year we usea new kicking mechanismwhich hasbeendesignedand
built by SICK. For local informationprocessingve useagainToshibal10CTLibrettos
togetherwith the WaveLanradio ethernetfor communicatiorbetweerthe robotsand
theoff-field computer

The goalie was completelyredesignedNow we usea PioneerDX-2 robot. The
expectationis thatthis robotis muchmoreresponsie thanthe Pioneerl andis ableto
trackthe ball muchbetterusingthe pan-tilt Sory camera.

4 Perception

As in lastyear’s competitioneachplayeris equippedvith aSICKLMS200laserrange
finderfor self-localizatiorandplayerrecognition7]. Thefield playersperceve theball
with the commerciallyavailable Cognadromevision systemwhereaghe goalkeeper
usesthe SonyEVI-D30 camenr in conjunctionwith the ImagenationPXC 200 frame
grabber We will refineour vision modulefor thefield playersto further decreasehe
numberof casesvherefield linesor objectdifferentfrom theball leadto falsepositives
[9]. For the goal keeperwe expecta morereliable ball recognitionthanfor the field
playerssincewe counton abettervision hardwareandcanapplyour own colortraining
mechanisnhere.

5 World Modd

The world modelis similar to the one usedfor RoboCup’98and RoboCup’99[4,7].
Eachrobotbuilds a local world modelaboutits own positionon thefield, the ball po-
sition, andthe position of otherplayers.This modelis extendedby the resultsof the
globalfusioncomponenthatrunsonthe off-field computermandcombinesll estimates
from all otherplayers.This yearwe incorporatea model-basegblayerrecognitionap-
proachin orderto improve the accurayg of the positionestimatedor otherplayers,in
particularthe opponentgoalie. Further we apply sophisticatecgrobabilisticmethods
in orderto maintaina coherentworld model.For instance the global ball positionis
estimatediusinga combinationof Markov localizationandKalmanfiltering [1].

6 Communication

Ourrobotscommunicate- usingthe WaveLanradio ethernet-in orderto build up the
globalworld model,to negotiateaboutwhich robotis goingto the ball, andto initiate
ball passing.

7 Skills

Ourexperiencedrom thelastcompetitionded usto theconclusiorthatmorespecialized
andlesscomplex basicbehaiors arethe key to a highly responsie andsmoothoverall
playerbehaior. Througha completeredesigrof the skills asof lastyears competition



[4], we expectthefield playersto reactin amoreadequatevay to awider rangeof game
situations By addingnew skills like a fastball interceptionbehaior andan elaborate
ball kicking behaior which playstheball to free spacecloseto the opponentgoal,we
hopeto improve considerablythe currentteamperformance.

Exploiting the possibility to turn the camerasheadinsteadof turning the entire
robotin orderto searchor track the ball, we partially redesignedhe behaior of the
goalkeeperThis way the goalkeepehopefullywill notruninto situationsin which he
accidentallymight pushthe ball into our own goal.

8 Strategy and Tactics

The actionselectionmechanisnwe useis anapproacthasedon behaior networksas
developedby Maeg[6] andrefinedfor the purposeof playing(simulatedyoboticsoccer
by Dorer[2]. While we usedasimilarapproachalreadylastyear[8], thistime we expect
to have amorefine-grainednodelingthatis very similarto decision-theoretiplanning.

Asin 1999 field playerrolesareassignedlynamicallytakinginto accounthe cur
rentgamesituation[7]. Cooperatie play is enabledhroughthe possibility for players
to nggotiateabouttheir future actions.Direct ball passingandsendinga teammateto
alocationwheretoa playeris aboutto kick the ball will hopefully resultin successful
andaestheticoboticsoccer

In the semi-finalgameagainstthe Italian teamlastyear our robotswereremoved
from thefield oneafterthe otherbecausehey supposedlyiolatedthe 10-seconds-rule
while trying to get the ball, which was stuckin the goal area.This year the action
selectiormodulewill considersuchspecialgamesituationsandtaketheminto account
in the deliberationprocess Another specialgamesituationwhereimprovementsare
possibleis the ball replacemenby the refereeafter a gamestuck. If the robotscan
detectsucha gamesituations they will be ableto find the replacedball much faster
— hopefully fasterthan our opponentsinterestingly it seemsquite straightforwardo
integratethesefeatureausingtheformalismof the new actionselectionapproach.

9 Conclusion

We arebasicallysatisfiedwith the designof our team,andbelieve that we cannotim-
prove muchon, e.g..theinterpretatiorof laserscang5,3] andthereactve pathplanner
[10].! Thereareneverthelessa few issueswe believe areworthwhile to work on, both
from a scientificanda performancepoint of view. Oneis the areaof coopeative sens-
ing, wherewe hopeto makethesensointerpretatiorprocessnorerobustusingaglobal
fusionof all sensodata.Anotherareais themodelingof the gameandthe correspond-
ing action selectionmehanism Using a very declaratve approachwill enableus to
modelmoregamesituations Hopefully, thiswill thenresultin amoreeffective game.

1 Well, someimprovementsarealwayspossibleln particularthe pathplannemaybeimproved
by anticipatingthe movementsof other players.While this is an interestingresearchtopic
(multi-robot path-planning)the commonbelieve in our groupis thatwe cannotimprove the
performancef our play muchby incorporatinga cooperatie path-planningcomponent.
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