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Abstract. Oneof the questionnemayaskwhenfollowing researchn robotic
socceris whetherthereis a measurablgrogressover the yearsin the robotic
leaguesWhile everybodywho hasfollowedthegamesrom 1997to 2000would
agreethat the robotic soccerplayersin the F2000leaguehave improved their
playingskills, thereis nohardevidenceto justify thisopinion.We tried to identify
anumberof criteriathatmeasurehe ability to play robotic soccerandanalyzed
all the gamesCS Freilurg playedat RoboCup1999and 2000.As it turnsout,
for almostall criteria, thereis a statisticallysignificantincreasefor CS Freiturg
andthe opponenteamsdemonstratinghatthe level of play hasindeedincreased
from 1999to 2000.

1 Intr oduction

In robotsoccelasin humansoccertheabilitiesto bedevelopedor improveddo notcor
relatewith the overall criterionof successi,e. goals,in adirectmannerWith respecto
arepresentate analysisof the relative performancef two teamsplayingagainstach
other, the distribution of goalsin a single gameis subjectto too mary contingencies
andthereforeno adequatdasisfor an evaluationof teamstrength Evenif we consider
mary gamesit is very oftenimpossibleto arrive at statisticallysignificantresults.For
instanceywhencomparingheaveragegoalrateof RoboCupl997with theaveragegoal
rateof RoboCup2000,onenoticesthatthis ratehasincreasedrom 0.05goals/minute
to 0.1 goals/minuteHowever, theincreasés not significanton the 95%level. Further
more,for the CSFreiburg teamthe goalrateis approximatelythe samefor 1998-2000,
namely around0.2 goals/minutd4], andthereis no statisticallysignificantdifference.
More differentiateddatais requiredin orderto assesshe progressnadeby ateam
on the basisof a statisticalanalysis.In the caseof RoboCup,the task of obtaining
relevantdatais simplified by arelatively restrictedrepertoireof possibleactions Asada
et al. [1] distinguishedthree major areasof the RoboCupphysicalagentchallenge
ball moving ball catching andcoopeative behavior Of these cooperatie behaior is
currentlyalmostnegligible dueto the relatively smallsize of thefield andthe lack of
hardwaresuitablefor receving the ball. For this reasonwe seeonly very few passes
during the games Similarly, the robotscannotcatchthe ball. The main focus of this
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papewill thereforebeontheareaof ball moving supplementefly ball possessioand
shooting

In orderto assesshe improvementover the years,we tried to identify a number
of differentcriteriain this skill areaand evaluatedour teamand the opponentsfor
RoboCupl999and2000accordingo thesecriteria.As it turnsout, CSFreiburg andour
opponenteamsshavedin mostcases statisticallysignificantimprovementjustifying
the impressionone getswhenwatchingthe two setsof games:Thereis a measurable
increaseof skills from 1999to 2000.

2 Approach

The materialavailablefor survey consistsof video and Web-Playerrecordingsof the
matchesof CS Freikurg. The restrictionsimposedby the manualevaluationof visual

recordingsmakeanapproactsimilarto thatof Tanaka-Ishietal. [3] impossible Based
onthe"“giant setof log data”of thesimulatorleaguethey consideredlow-level events”
to computevaluessuchascompactnessr x/y-corielation, which, in addition,seemess
meaningfulwith respecto the F2000leagues limited compleity (numberof players,
sizeof field, etc.).Whenbasedn videorecordingshumanjudgmentof robotbehaior

dependson the ascriptionof intentionality to their actionsregardlessof their internal
state Thelack of cooperatie behaior aswell astheunclearapplicationof thechaging

rule suggestoncentratioron the ball asa focusof suchascriptions.

Thefollowing suney thusreliesonadistinctionof differentkindsof ball possession
asa global measureof behaior. Ball possessioiis particularlyrelevant for the phys-
ical agentchallengein contrastto the simulatorleaguebecausehysicalcomponents
(movement)andvision andsensoffusion (localization)areanintegral partof this chal-
lenge[2]. The differentcateyoriesof ball possessiomre constitutedby relatingthem
to the existing repertoireof actionsof the CS Freiturg team[4] andassuminghatthe
bestpossibleactionwhich may conformto the obsened behaior is executed.In the
following, we will distinguishbetweendifferentkindsof (non-)ball possession:

— ball free no playeris attheball.

— both at ball: atleastoneplayerof eachteamis attheball. Theball is stuckbetween
theplayersor moveslittle. It is usuallyfollowedby a ball freesituation.

— ball possessiononly oneteamis in possessionf theball, which maybedifferen-
tiatedaccordingo the following criteria:

e ball stuck: at leastone player of oneteamis at the ball. The ball is stuck
betweerntwo playersof the sameteamor betweera playerandthewall. Since
thisis obviously anundesirablestate,onecanassumehatthe player(s)is/are
preventedfrom executinganactionby theinterferenceof anothemplayeror the
wall.

e active: aplayerof oneteamis attheball andis executingoneof thefollowing
actionsin a goal-directednanner:TurnBall, DribbleBall, BumpShoqgtShoot-
Goal, MoveShootEint, ShootbPos and TurnAwayBall

e other: asactive but not goal-directedThis comprisesall possessiomithout
visible actiity aswell asdribblesor shotson the own goal.



Dribbles begginningwith afree directpathto the opponents goal (disregardingthe
goalkeeperpredistinguishedrom dribblesbeginning with anobstaclej.e. anoppos-
ing player betweerthe ball andthe goal. This distinctionallows an evaluationof the
defensie positioningof the playersof ateam,insofarasateamwith moremobileplay-
ersanda betterline-upwill allow alower shareof dribbleswithout obstacleA dribble
without obstacleendswith alossof ball (ball lost), with a shot(with sho9, or with the
interferenceby anotherplayer In the latter case,its descriptionwill be continuedas
a dribble with obstacle A dribble with obstacleendswith ball lost, with shot or the
blockingof the ball or playerby anopposingplayer(blocked. A playerdribbling with
theball in the directionof the opponents goalandtherebyenteringthe penaltyareais
assumedo finish this dribble with a shotto the goal, regardlessof whetherthe player
doesso.

3 Evaluation

Datawasgatheredrom eight hoursof video recordings Situationsin a gamewhich
werenot or only partly recordedvererecoreredfrom Web-PlayerecordingsThe net
playingtime amountgo 247 minutes,of which 104 minutesor approx.13 minutesper
gamefall to the eightmatchesof CS Freilurg in RoboCup1999(five in the qualifying
round,threein thefinals)and143 minutesor approx.14.3minutespergamefall to the
tenmatchesf CS Freiturg in RoboCup2000(sevenin the qualifying round,threein
thefinals).

3.1 RoboCup 1999vs. RoboCup 2000

In orderto getanideaof the developmentof the gameasa whole, the averagevalues
of a cateyory for 1999 are comparedwith thosefor 2000. Becausea comparisonof
team-specificcatgyories doesnot yield significantresults,only datafrom cateyories
registeredfor bothteamstogethelis takeninto account.The developmentof the game
will thuscharacterizethy the catgyoriesball freeandbothat ball (seeFigurel).
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Fig. 1. Ball possessiom RoboCupl1999and2000



As canbe seenfrom the graphin Figurel, theamountof time with a freeball has
decreasedit the sametime, the shareof both at ball situationsof the netplayingtime
increasedrom approx.10%in 1999to approx.18%in 2000 Both changesareprob-
ably dueto improvementsn vision andeffectors(e.g.omni-directionamovement).

3.2 CSFreiburg 1999vs. CSFreiburg 2000

Whencomparingheamountof ball possessionf CSFreiburg betweer1999and2000,
one noticesthat the amountof time for ball possessioin generalandfor active pos-
sessiornin particularis almostthe samefor 1999and2000(seeFigure?2). Interestingly
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Fig. 2. Ball possessionf CSFreiturg in RoboCup1999and2000

however, the CS Freiturg teamwas able to reducethe amountof time of other ball
possessioyi.e., moving into thewrongdirection.In addition,the numberof ball stud
situationshasincreasedHowever, in generalthereis no statisticallysignificantchange
in theareaof ball possession.

Becauseof the new kicking device, a numberof statisticallysignificantimprove-
mentswerevisible. For instancewe recordedl4.3shotspergameon averagein 2000
insteadof 9.8 shotsin 1999,andthis is statisticallysignificant.Also the averagelength
of a shotincreasedstatisticallysignificant.However, for dribblingsonly sometenden-
cieswerevisible, which arenot statisticallysignificant(seeFigure 3).

The numberof situationslosing the ball during dribbling without an obstaclein
theway hasdecreasedshowving a betterball steeringbehaior. Furthermoreye could
finish a dribbling with an obstaclein its way more often with a shot. However, these
two changesverenot statisticallysignificant.

Therewasastatisticallysignificantincreasen dribblingswith anobstaclen its way.
This change however, doesnot demonstraten increaseof the skills of CS Freiturg,
but avisible betterplacementf theopponents.

! Both of thesechangesrestatisticallysignificantat the 95%level.
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Fig. 3. Dribblings of CSFreilurg in RoboCupl999and2000

3.3 CSFreiburg and Opponentsin RoboCup 1999vs. CS Freiburg and
Opponentsin RoboCup 2000

Finally, we will have alook at how muchthe differencebetweenCsS Freiturg andits
opponentghangedrom 1999to 2000.As mentionedabore, we had14.3and9.8shots
in eachgameon averagein 2000and 1999, respectrely. The otherway around,our
opponentshot7.2 and4.6timeson averagepergamein 2000and1999,respectiely.
While the differencebetweenCsS Freilurg andits opponentss statisticallysignificant
atthe 90%level in both caseswe seeatendenyg thatthe opponentsarecomingcloser
A similar statementanbe madefor shotsattheopponentgoal. Againwe have in both
yearsa statisticallysignificantdifferenceandthe opponentsomecloser
Reconsideringhe ball possessiormriterion, we get a graphasin Figure4. In all
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Fig. 4. Ball possessionf CS Freilurg andits opponentsn RoboCupl999and2000

caseswe have a statisticallysignificantdifferencebetweenCsS Freilkurg andits oppo-
nents.Themostinterestingobsenationis thattheball stud situationsncreaseor both
sidesandthatthe othersituationsdecrease.

Finally, whenlooking at the dribbling capabiliteg Figure5), one noticesthatfrom
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Fig. 5. Dribblings of CSFreikurg andits opponentsn RoboCupl1999and2000

1999to 2000CSFreikurg hasnotlostits leadingedge e.g.,in finishingadribblewith a
shot.lt is interestingto note,however, that CS Freilburg aswell asthe opponentsnuch
moreoftenfinisheda dribblewith a shotin general.

4 Conclusion

Wetriedto identify criteriawhich canbeusedio measurghe progresof roboticsoccer
teamsin orderto assesshe progresof our own teamaswell asof the otherteams As
it turnsout, for mostcriteriasuchasball possessiormgribblingsandnumberof shotsa
statisticallysignificantincreasecould be identifiedfor CS Freiburg andthe opponents.
This confirmstheimpressiorthatthelevel of play hasimprovedfrom 1999to 2000.
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