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Abstract. This paperoutlinesideasfor establishingwithin RoboCupa league
gearedtoward, andlimited to, undegraduatestudentsVeteransof RoboCupJu
nior areoutgroving the leagueasthey entercollege andthis hasmotivatedusto
develop aleagueespeciallyfor undegraduae students— the ULeague. Thede-
signof theleague presentedhere,is basedon a simpliedsetupof the Small-size
leagueby providing standardvision andCommurication packages.

1 Intr oduction.

With therisein popuarity of RoboCypJunior(RCJ)[4], agrowing baseof participants
aregradwatingfrom high schoolandwantingto continte with RoboCupbut areunéble
to becausedhey do not have the resoucesrequired to enterthe seniorleagles. Some
of thesestudentanay be attendinga university thathasan existing RoboCupteam,so
thatthey will perhgshave anopportunity to participateon a seniorleagueteamasad-
vancedundegradiates Otherstudets attenduniversitieswherethereis no RoboCyp
seniorteamand/orno robaics lab; andfor thesestudetts, participaion asundergradu-
atesis notanoption. We arethusmotivatedto createa RoboCupleagueespeciallyfor
undegradiatesandwe have spentrecentmorthsdesignimg andprototypingthisleague
— theULeague.

The goal of the ULeagte is to provide a steppimy stonefrom RoboCupJaior to
participation in the Small-size(F180)or Mid-size leagles. There is a significantleap
in bothexpetise andresoucesnecessaryo be a compditive entran in eitherof these
leaguecompaedto the Juniorleague The sophisticationandcostsof therobas used
in the F180leaguemay be prohibitive. A typical Small-sizeteamhasrobots thathave
omni-directiona drives,dribble barsand powerful kicking mecharsms. Sucha robot
hasfour to six high qudity motois anda powerful on-boardprocessoto contrd them.



Eachone of theserobots costsaround US$3000. Added to this is the costof high
quality videocamerasTheseandotherexpensegypically drive the costfor ateamto
arourd US$20,00-US$B0,00.

The ULeagte is intendedto provide a scaled-dwn and cheaperversionof the
Small-sizdeagueproblemfor undergraduatestudentsTo achievethisgoal,theULeague
factorsoutthe mostcompgex aspectof the Small-sizeleague hamelyvision process-
ing andcommunication,by providing comman platformsfor thesetasks soteamsmay
focusonrobotdevelgpment.

In addtion to practicalrationale the ULeagte alsoprovidesunique researclchal-
lengesandoppotunities.In the F180leagte, it is possiblefor multiager aspect®f the
gameto have little impacton the perfamanceof ateam.A powerful dribbe barand
kicker or othercombiration of physicalfeaturesmakesit possiblefor a singleroba to
be domnant. The physical constrénts placedon robotsin the ULeagueareintendedo
forceteamso rely more on coodinationandcooperationto make progessin thegane.
Moreover, sinceacomnon architectue is emplgo/ed,the ULeage canbethowght of as
a physical versionof a simulationleaguelt is hopedthatthe ULeaguewill encouage
collabaationwith teamsfrom the RoboCupSimulatorLeagte. This couldmeanfaster
disseminatiorof the researchand progessmadeby teamsin the Simulatorleagueto
physicalroba compditions.

We have choserthe Small-sizeleagie asour primary model,sincethis leaguere-
quiresthe leastamount of spaceandthe leastexpensein termsof equipnent®. Given
this,we haveidentifiedtwo majorstumblirg blocksfor teamsenterirg the Smallleague:
vision andcommunication. Sofor the ULeagle our ideais to provide a standad solu-
tion for thesetwo aspectsprovidedby leagueorganizers,andhave teamsbuild therest

(seefigurel).
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Fig. 1. High-level architectureof the ULeague.
Thedashedinesrepresenan Ethernetconnedtion.

* asoppose to the Mid-size, Four-Leggedor Humanad leagues



2 Vision.

The ULeage will usea standad vision software packag to male it easierfor teams
to enterthe ULeagle andto speedup setuptime at a compdition. The current video

seneris theDoraemon packag developedby Baltes[2], whichis opensourcesoftware
releasedincer the Gnu Public Licence. Doraema hasbeenin developmert for over

threeyearsandhasbeenusedby several robadic teamsin intermational competitions,

including RoboCup Doraenon includesreal-timecamereacalibration color calibratian

andobjecttrackingcompaments.

Several featuresseparatéoraenon from similar softwarewritten for otherglobal
vision robotic soccerteams.It suppats full 24-kt color. It suppets maximun field
captureratesof 50 (PAL) or 60 (NTSC)fieldspersecondlt includessophisticatedT sai
cameraalibration[5], allowing the systento calibratethe geonetry of the scenegrom
ary view, which meansthatit is not necessaryo have the cameramourted directly
overheadrelative to the playing field, nor is it necessaryo adda wide-argle lensto
thecameralt tracksobjectsin two or threedimensios (the latter requiesusingmulti-
ple camera®r stereoscap vision); andit emplo/s a cleanobjed-orienteddesignthat
malkesit easyto definedifferenttypesof robas. Currently robotsusingtwo colored
markers or bar codesareavailable,but therearealsomore sophisticateabjectrecog
nizersthatuseonly a singlecoloredspoton therobot [2]. The developersarecurrenly
working on a pattern-ecognition processusing neuralnetworks that doesnot requre
ary markers|[3].

Installationandsetupof Doraenonconsistof four phasesfl) settingupthecamera
andtheviewing angle,(2) calibratingthe camerageonetry, (3) calibraing therotatiorn
translationrmatrix, and(4) calibratirg colors. Eachphasds detailedoelow.

2.1 Setupofthe Camera.

In the F180league eachteamprovidestheir own video cameraandmountsit in their
desiredposition.Mostteamschoosdo placethecameadiredly ovetead.Thismeans
thatthelocal organizingcommitteemustprovide a physical structureabove the playing
field onto which teamscanmourt their camerasHowever, the limited angleof view
requilesthat a wide-ande lensbe mowunted on the camerain orderto have a view of
thewhole playingfield. Doraenon hasmore comgdex cameracalibratian routinesand
is notlimited to ovetheadviews (seefigure 2).

2.2 CameraCalibration.

Doraenon’s cameracalibrationusesthe well-establishedl'sai cameracalibration [5]
whichis popuar amang compuervisionresearchrs.lt is alsosuitablefor global vision
in robotic soccersinceit cancompute the calibration from a singleimage The Tsai
camereaalibration compuessix extemal paraneters(z, y andz of the camea position
aswell asanglesof roll, pitchandyaw) andsix internalparametes (focal length center
of thecamerdens,uncetaintyfactors ,, andk , ko radiallensdistortion paraneters)of
acameausingasetof calibrationpoints.Calibrationpoints arepointsin theimagewith

Shtt p: / / sour cef orge. net/ proj ect s/ robocup- vi deo



Fig. 2. A sampleview of the playingfield

known world coordnates.In practice,Tsai calibratian requres at least15 calibration
points.

Doraemon usesa fast,robustandflexible methal for extractingcalibrationpoints
from the ervironmen. A simple coloredcalibrationcarpetis used.The userselectsa
coloredrectande andspecifieghedistancen thex andy directionbetweerthecenters
of therectangleDoraema’s calibratian is iterative, soit cancompasatefor missing
or misclassifiectalibration poirts.

2.3 Rotation Matrix.

TheTsaicalibrationresultsin the overlay of aworld coordnatesystemoverthescene.
In principle this is sufficiert to play soccerHowever, Doraema usesanadditioral ro-
tationandtranslationmatrix to establisttheworld coodinatesystemInsteadof being
forcedto compue thetwelve paraneterstherotation andtranslationrmatrix allows one
to rotate scale shearandtranslatehe playingfield. Thisresultsin a setof linearequa-
tionswith threeunkrownsandallows arotationandtranslationrmatrixto beestablished
with only threepoints. Thefour correr pointsof theplayingfield areused(resultingin
onemore pointthanrequired),andaleast-squaredrrorappoximationof thematrixis
prodiuced.

2.4 Colors.

Doraenonusesasophisticated 2-parametecolor modelthatis basednred(R), green

(G) andblue (B) channés aswell asthe differencechanmls red-geen(R-G), red-
blue (R-B) andgrea-blue (G-B). Simplethreshdding of the R, G andB channelds

sensitve to the brightressof the colar. Evenon a robotic soccerplaying field with its

contrdled lighting, it is difficult to detectmorethanfour colorsrobustly usingonly

thesechanmrls. Other color modelsthat have beenproposedin the literatureareless
sensitve to brightness(e.g.the HSI, YUV, or SCT models).However, thesemodels
are computationally expersive, which greatly impactsthe perfamanceof the video
sener. Thecolormodelusedin Doraema attemptgo balancehe bestof bothworlds.
The differencechanrelsin the color model aresimilar to the huevaluesin the HSI or

similar models,but have the advartagethatthey canbe conputedfasterthanthe HSI

model.

2.5 Output of the Video Server.

Doraenon transmitsthe position orientation andvelodty of all objeds beingtracked
to theteamclientslisteningonthe Etherret. Themessagearetransmittedn ASCII via



UDP broadcasin asinglepackag. Eachline is termiratedby anendof line charater
(\ n). For the ULeague gachmessageontairs elevenlines: two lines of headeiinfor-
mation,oneline for ball informationandeightlinesfor robot information.An exanple
is shavnin figure 3.

LineNum|content

9 1073821804 0. 00139797

-76.3836 -1820. 48 2356. 39

ball NoFnd 971.056 840.711 35 0 -2.31625 58. 1464

b0 Found 1185.59 309.187 100 0.0596532 436.282 -43.083
bl Found 1158.59 508.198 100 0.0596532 499. 282 285. 083
b2 Found 1086.95 1009.187 100 0. 0596532 499. 282 285. 083
b3 Found 2185.59 309.187 100 0.0596532 499. 282 285. 083
y0 Found 989.95 304.588 100 -0.10185 413.528 -1.08564
y1l NoFnd 1689.95 1004.588 100 -0.10185 413. 528 -1. 08564
y2 Found 189.95 704.588 100 -0.10185 413.528 -1.08564
y3 Found 1789.95 1304.588 100 -0.10185 413.528 -1.08564

SBoo~NounhrwNnREO
Oooocococoor

Fig. 3. Sampleoutputmessagérom Doraemon.

The first line of eachmessagesortains (a) the nunber of objectsthat the video
seneris currentlytracking;(b) the absolde frame numbe; and(c) thetime difference
in secondbetweernhismessagandthepreviousmessageA clientcanusetheabsolute
framenumkber andtime differerce value to determire if any framesweredropgedby
thevideosener.

Thesecondine of eachmessageortainsthecoordnates(C, Cy, C.), in millime-
ters,of thecameawith respecto thereal-world coordnatesystemThisis usedin dis-
tributedvision or stereoscopiwision applicatiomsandwill notbeusedin theULeagte.
The exampe shows thatin this case the camea wasmourted 2.3m above the playing
field (line 1 in figure3).

Following this packageheaderthereis oneline for eachobjectthatthevideosener
is tracking®. Eachobjectline containsthefollowing information:

— thetype of object(0O=robot, 1=ball);

— thenameof theobject;

— whetherthe object wasfound in theimageor if the video sener did not find the
objectandpredictedthe positionsbasedn previousmotion(Found or NoFnd);

— thez, y, andz coordnatesof theobject,in millimeters;

— theorientationof theobjectin radiars; and

— thevelocity of the object in thez andy directiors.

The name usedfor eachof the nine ULeagueobjeds arebal | for the ball, bO
through b3 for thefour robds ontheblueteamandyO throwghy 3 for thefour robots
ontheyellow team(lines 2-10in figure 3). The exanple shows thatball (bal | ) was
not found andthatthe video sener's bestestimateof wherethe ball is is the position
(z =971,y = 840, z = 35). A ballhasnoorientatiorandthevideoseneralwaysgives
it anoriertationof O radiars. Notethatthe height(z-coordinge) of all objectsis fixedif
only asinglecameraview is used.For example the heightof theball is 35nmm andthe
heightof theroba in the next line (belav) is 100nm. The bestguesdfor the velocity
of theballis avector(dx = —2,dy = 58). Theexanple alsoshows thatthe robot b0

8 In the caseof the ULeaguethis will alwaysbe9.



wasfound at position(z = 1185,y = 309,z = 100). The orientdion of therobd is
apprximately 0 degreesandits motion is given by thevecta (dz = 436, dy = —43).
Notethatsincethis particularrobotis a differential-dive typerobot,it is not surpising
thatthe diredion of the velocity andthe orientationof the robot coincice. The actual
velocity of theroba is apprximately43 cm/s.Theinformationfor robotsb1 through
y3 is in thesameformatasdescribedabove for robotbO.

3 Communication.

The ULeageCommunicationscompmnentconsistsof two paths.One pathgoesfrom
eachteams client progamto the Commurication Sener. We referto this astheinput,
or read, path.The secondathgoes from the Commurication Sener to therobots,and
we referto this asthe output, or write, path.We have definedprotacols for both paths.
TheCommunicationSener contairstwo thread, onefor readingmessagesom clients
andonefor writing messageto robds.

Input messagearepassedilonganEtherretlink, conneting eachteams compuer
to thecompuer wherethe Communi@tion Sener is ruming (seefigure1). TheComm
Senerlistensfor messagefom clientson asoclet. TheclientssendASCIl messages
of theform: [ nanme] : [ nsg] \ n where[ nane] is the nameof theroba (asabore,
b0 throudh b3 andy 0 throughy 3) and[ nsg] is an8-bit(onebyte)messagéo besent
to thespecifiedrobot, i.e.,anumbe betweerD and255 (howvevervalueO is resered as
aNULL command,describé belav). Thus an exanple of a compete messagevould
be:y0: 123\ n. The CommSener maintairs an 8-byte command buffer, onebyte per
robd. Eachtime aninput messagés receved, the CommSener updateghe byte cor
respoiing to theroba specifiedn themessage.

Outpu messagesaretransmittedto robds usinga standardnfra-Red (IR) trans-
mitter conrectedto the computer via a serialor USB port. The outputthreadwrites
continwuslyto theoutpu pott, sendingnmessagesf theform: [ START] [ conmand-
buf f er] [ CHKSUM where[ START] is aonebytestartvalue (255)and] CHKSUM
is astopbytewith anincluded 3-bit checlsum(sothevalues of thecheclsumwill range
from 0 to 7). The checlsumcomputationis taken from the Lego networking protacol
asimplemenedin BrickOS'.

4 Platform.

The ULeaguewill notusea standardplatform like the RoboCupFour-Leggedleague.
However, we have agreedthat we needto choosestandardblatform specificationsn
orderto keepteamson an equa plare regaiding costsof the robots.Thus we provide
maximum specificationdor processorcapaliity, in termsof size (RAM) andspeed.
This allows the option eitherto purchaea pre-designedroba kit or to build onefrom
basiccompaments Severalpopula robotickits thatarewithin therangewe arecurrerly

" BrickOS is a free OS for the Lego Mindstorms RCX. For more details, see
http://brickos. sourcef orge. net.



testinginclude Basic Samp Board of Education (BOE Bot) 8, Handyboard® andLEGO
Mindstorms 2.00.

5 Rulesof play.

Thefield set-upandrulesof play arebasedon thoseof the Small-sizeeagu€[1], with
adjustmets asoutlinedbelow.

Field. Thefield of playis rectanglar, 274cm by 152cmin size. Theplaying surface
is heary greenfelt or carpet.Therearegoalsatthelong endsof thefield: 70cmwide by
22cmhighby 18cmdeep Thefield of playis markedwith linesanddoesnothave walls
(seefigure 4). The organizerswill placea digital video cameraabove the field, which
will sendimagesto a centralvision compuer asdescribedn section2. The organizers
will alsoplacelR transmitte¢s) around thefield, to sendmessaget all therobotson
thefield (seesection3). Theorganizerswill alsosupplyameango transmithereferees
signalsto the robots;this will be a keyboard/nouseinterface to the communications
compuer.

Fig.4. TheULeaguefield of play.

Robotsand Ball. Theballis astandardrarge-colagedgolf ball. Eachteamconsists
of four robads. Teamsmay desigrate oneof theserobds to be a goalie, but this is not
requied. Eachroba mustfit insidea cylinder 22cmin diameer and22cmin heigh.
Robotsareintendel to usewheelsor rubber tracksfor locomdion. Metal spikesand
velcro are specificallyprohilited for the pumposeof loconotion. Robotsdo not com-
municde with eachotherdirectly, however, their client programsmay commnunicate
with eachotherthrouch socletson theteamcompuer. Beforea gane, eachof thetwo
teamshasa color assignedeitheryellow or blue. Theteamscharge colors andends of
thefield for the secondhalf of a match.The organizerswill supplycircularmarkers of
eachcolor, to be placedonthetop of eachrobot sothatthey arevisible by theovermead
camera.

Play. A humanreferes contrds the gane. The matchlaststwo equalperiads of 10
minutes,with a halftime interval of 10 minutes. The clock will run at all times,with
allowanceonly madefor majorstoppagsasperthe FIFA laws. The garne begins with
a kick-off by the teamthatwins the coin toss. The otherteamkicks off to begin the
secondhalf of the game The ball is out of play whenit hascomgetely crossedary

8 ht t p: // www. par al | axi nc. com
% htt p: / / ww. handyboar d. com
10 http://ww. | egom ndst or ms. com



of thefield boundaries. Therefereemay stopall the robots usingthe refereeinterface,
retrieve the ball andresumeplay. A goalis scoredwhenit fully crosseghe goalline,
betweerthe goalwalls. Thewinning teamis the onethatscoreghe greatemumbe of
goalsduring amatch.

6 Summary.

We have presentedur designfor a new undegradiateleaguewithin RoboCup asa
meandor studentsvho grow too old for RoboCupJaior to stayinvolved in theinitia-
tive andasan entry level for new undergraduatesand universitiesto gain experience
with RoboCupsoccerAs well, the ULeagie gives undegradwateswho have tried the
RoboCupSimulatorLeagueachanceo expetimentwith physicalrobotswithoutneed
ing to build a sophisticatednd expersive hardware setup.The ULeague architectue
consistsof acomman platformfor Vision and Commuiication. Both will be provided
by theleagueorganizersatany competition verues.

There are still several openquestiongrelatingto the designof the ULeague.We
proposea field without walls, but how will this work in pradice?Our proposedcom-
municdion mecharsm hasnot beentestedin a RoboCupcompetitionyet; again,how
will thiswork in practice?The exactrestrictionson robot platformms have not beende-
finedyet; whatshouldthesebe?

Thefirstfull exhibition of thisleaguewill beheldatRobaCupJunior2003 in Padua,
Italy (July20®3). Presentlywe haveteamdrom threeuniversitiesdevelopingtheleague
(University of Manitobg CanadaColumbiaUniversity, USA,; Virginia Military Insti-
tute, USA). Teamsfrom Australia,Iran and Singamre are alsofollowing alongwith
the developmen. We hopeto open the leagueto ary interestedpartiesin 2004. Reg-
ularly updated information and a discussionboad can be found on our web page:
http://ww. robocupj uni or. or g/ ul eague.
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