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Abstract. As in the previous years, the RoboCup Soccer Simulation League
team RoboL@ consists of a C++ low level and a Prolog higher level part. For
implementation of reactive skills of a soccer agent, we are making use of and
extending the idea of steering behaviors. In our team, we use these extended
steering behaviors, called inverse steeringbehavios, for dribbling and obstacle
avoidance.

1 Introduction

With RoboCup2003,RobologKoblenzis participatingin the simulatedsoccemworld
championshigfor the fifth time. As in the yearsbefore, high level decisionsin our
teamare specifiedwith statechart@andimplementedn Prolog. For lower levels, we
areusinga c++ layer betweenProlog and the SoccerSener network interface. The
c++ parthandlegheparsingof messagesnaintainsa consistentvorld model,andalso
implementghelower level behaiors of our players.

We have startedo reimplementhe RobolLog-Kernelfrom scratchbeforeRoboCup
2002,wherewe alreadyhave beenusingit for our goalie.To supportgoal-directedie-
cisionmakingin theProloglevel, ourkernelprovidesbasicactionsthatcanmake short-
term decisionsfor obstacleavoidanceandskill optimizationautonomouslyCurrently
we areinvestigatingon makinguseof steeringoehaiors[5] for makingshort-termde-
cisionswhile pursuingseveral goalsat once(lik e keepingcontrol of the ball, avoiding
opponentsandreachinga specificplaceat the sametime).

For the higherlevel partof ourteamwe arecurrentlyinvestigatingwaysto specify
[2] andimplementsoccermgentsWhile in thelastyearsgoalsof anagenwerespecified
implicitly in our architecturewe aremoving to a explicit representatiof goalsthis
year We hopethatthe benefitof this approachs an easiemaintenancef our Prolog
codebasebecausaseparateoncernsanalsoberepresentedeparatelyThegeneration
of goalsis driven by combinationof differentkinds of spatialinformation,which is
anothemresearclissuein our project[6].

In this paper we focuson the steeringpart of ourteam.In the subsequergections
we give a brief overview of the original conceptof steeringbehaiors andpreseniour
extensionof this conceptcalledinverse steering behaviors, which we usefor dribbling
andobstacleavoidance.
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2 Inverse Steering Behaviors

Steering is thereactive, non-deliberatre movementof physicalagent43]. Reynolds[5]

definesahierarchicamodelwheresteerings responsibldor pathdeterminatiorfor au-
tonomouscharactersn animationsandgamesin this hierarchythe layerbelow steer
ing, calledlocomotion,is responsibldor the actualimplementatiorof steeringgoals.
In SimulationLeague thelocomotionlayeris realizedby usingthe SoccerSener low
level commands.

Thelayerontop of steeringcalledactionselectionrepresentthe deliberatve part
of anautonomousgentanddealswith selectingthe appropriatestratgiesandplans.
In our framework, thetop layeris representetdy a Prologimplementation.

The steeringayer usuallyconsistof a collectionof steering behaviors. Whenap-
plied, steeringbehaiors producea steeringvectorwhich senesasinput for theloco-
motionlayer An adwvantageof steeringbehaiors is thatseveralonescanbe combined
to form a morecomplex behavior. A problem,however, is how this combinationactu-
ally canbe achieved without resultingin undesiredbehaiors. Reynolds[5] proposes
differentways of “blending” steeringbehaiors, e.g. usingtheir weightedaverageor
choosingonly onebehaior atatime accordingo givenpriorities. A hybrid arbitration
schemaisingandextendingthesddeascanbefoundin [4], whereit is calledprioritized
acceleration allocation.

Whenexperimentingwith thesearbitrationmethodsfor implementinga dribbling
skill, weraninto severalproblems:

1. Trapsituationsdueto local minima(cyclic behavior).
2. No passagbetweercloselyspaceddbstacles.
3. Oscillationsin the presenc®f obstacles.

To overcomethesedravbacks,we extendedthe conceptof steeringbehaiors [1].
In the original approachsteeringbehaiors only take factsaboutthe ervironmentas
inputandproducea singlesteeringvectorasoutput.Our approachadditionallytakesa
numberof differentsteeringvectorsasinputdenotingpossiblesolutionsfor thesteering
task.Basedonagivencriterion,eachdirectionproduces certaincost.In turn, from the
calculatedcostwe producea rating for eachsteeringvectorasoutput.In principle we
invertedtheproces®f eachsinglesteeringoehaior, whichis why we call ourapproach
inverse steering behaviors. To executea singlebehavior, the steeringvectorproducing
thesmallestcostis selected.

To achieve complex tasks severalinversesteeringoehaiors canbe combinedsimi-
lar to theoriginal approachln our casethe problemis notto combinedifferentsteering
vectorsor actions but to memgetheratingsfor eachgivendirection.All relevantbehar-
iors for a taskhave to be executed producinga rating for eachgiven steeringvector
Merging the ratingsis achievedwith a heuristicscombiningratingsof all involvedbe-
haviorsfor eachdirectionseparatelyTheresultof applyingtheheuristicsor eachgiven
steeringvectoris alist of ratingslike the oneproducedy a singleinversesteeringbe-
havior. Likein the caseof singlesteeringbehaiors the “best” actioncanbe choserby
simply selectingthe steeringdirectionminimizing the cost.



Theheuristiceemployedin theproces®f combiningseveralbehaiorsis dependent
on the numberof behaiors involved and specificto the complex taskthat hasto be
achieved.

With an appropriateheuristics,memging the ratingsfor eachsingle behaior can
producebetterresultsthanthe original approachsimply addingup steeringvectorsor
selectingone.In caseswvheretwo behaiors have conflicting desiresjnversesteering
behaiors will selecta steeringvectorobeying eachof the behaiors to a degree,and
thusmalke areasonableompromisdor all involvedbehaviors.

3 Navigation Using Inverse Steering Behaviors

Whenusing inversesteeringbehaiors the task of navigationin a clutterederviron-
mentis modeledasa costminimizationproblem.For both,the separaténversesteering
behaiors andthe overall navigation taskwe createheuristiccostfunctions,basedon
which the quality of a given solutioncanbe measuredFor a betterunderstandingf
the latter statementsye will subsequentlyliscussa navigation example,wherecolli-
sionfree pathsareachiezed usingthe obstacleavoidanceand seek(goal approaching)
behaior.

In Fig. 1 we seea particularsituation,wherea robot hasto decidein which direc-
tion to steer Thedecisionof therobothasto satisfybothhiswill of avoiding collisions
andtakingthefastestvay to thegoal. Giventhe discreteset{6,,6,, 03,04} of steering
directionsto be evaluatedwe first applytheinversesteeringoehaiors obstacle avoid-
ance and seek separatelyTheseinversesteeringbehaiors assigneachof the given
directionsa costwith respecto a criterionrelatedto theinherenttask.
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Fig. 1. Evaluation of directions to avoid obstacles.

Forinstanceheseek behavior assignsostsaccordingo thedifferencebetweerthe
directiona. denotingthe straightpathto the goal positionandthe currently processed
direction8;, which canbe expressedisingthe formula d; = ||a — 6;||. Consequently



directiond, and6; recevefewer costs astheirdeviationto o is smaller In contrastthe
obstacle avoidance behaior assignsostsbasedon the numberxy, of obstaclesn the
currentlyprocessedirection.As aresultd, recevesthecostvaluel dueto anoccurring
obstaclewherea®,,06; and6, areobstacleree andthusreceve the costvalue0. The
numberxg, is derivedby assigningeachdirectionarectangulaarea.Theserectangular
areagepresenapossiblepathto betakenby theagentThewidth andthelengthof each
rectangulaareaarebasedntheagentswidth andvelocity. Thefasterheis, thesooner
hemustanticipatea potentialcollision. This enablesisto extractinformationaboutthe
existenceof obstaclewvery easilyusinga geometricatonstructiorof the problem.The
boundingsphereof eachobjectin the nearrangeof the agentis intersectedvith the
rectangularegion of the currently processedlirectionin orderto determinef it lies
insidethisregion. All objectsthatfulfill thelastconditionareconsideredo bepossible
collisionpartnersFigure2 shavs atrajectoryof adribblingagentusinginversesteering
behaiorsto determindts path.
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Fig. 2. Dribbling around static obstacles.

4 Conclusions and Future Work

In our paperwe presentechow to implementskills of a socceragentusing inverse
steeringbehaiors. Theintroductionof inversesteeringoehaiorsin [1] wasmotivated
by drawvbacksof the original steeringbehaiors asproposedy Reynolds.Our inverse
steeringbehaiors arestill reactve, fastto calculate,and easyto combinewith each
otherto build more complex behaiors. Becauseour agentsevaluateseveral options



before steering,the actionsto be performedare better motivated. Additionally, it is
easietto solve the problemof arbitrationinherentto steeringoehaiors usingcostsasa
measuref quality.

Forfuturework we areplanningto investigateon usingmachindearningtechniques
to simplify building heuristicsandto combineour handcraftedbehaiorswith machine
learnedones.
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