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Abstract. This paperoutlinesideasfor establishingwithin RoboCupa league
gearedtoward,andlimited to, undergraduatestudents.Veteransof RoboCupJu-
nior areoutgrowing theleagueasthey entercollegeandthis hasmotivatedusto
developa leagueespeciallyfor undergraduate students— theULeague. Thede-
signof theleague,presentedhere,is basedon a simpliedsetupof theSmall-size
leagueby providing standardVision andCommunicationpackages.

1 Intr oduction.

With therisein popularity of RoboCupJunior(RCJ)[4], agrowing baseof participants
aregraduatingfrom highschoolandwantingto continue with RoboCupbut areunable
to becausethey do not have the resourcesrequired to enterthe seniorleagues.Some
of thesestudentsmaybeattendinga university thathasanexisting RoboCupteam,so
thatthey will perhapshaveanopportunity to participateona seniorleagueteamasad-
vancedundergraduates.Otherstudents attenduniversitieswherethereis no RoboCup
seniorteamand/orno robotics lab; andfor thesestudents,participation asundergradu-
atesis not anoption. We arethusmotivatedto createa RoboCupleagueespeciallyfor
undergraduates,andwehavespentrecentmonthsdesigning andprototypingthisleague
— theULeague.

The goal of the ULeague is to provide a stepping stonefrom RoboCupJunior to
participation in the Small-size(F180)or Mid-size leagues.There is a significantleap
in bothexpertiseandresourcesnecessaryto bea competitive entrant in eitherof these
leaguescomparedto theJuniorleague. Thesophisticationandcostsof therobots used
in theF180leaguemaybeprohibitive.A typical Small-sizeteamhasrobots thathave
omni-directional drives,dribble barsandpowerful kicking mechanisms.Sucha robot
hasfour to six high quality motors anda powerful on-boardprocessorto control them.



Eachone of theserobots costsaround US$3,000. Added to this is the cost of high
quality videocameras.Theseandotherexpensestypically drive thecostfor a teamto
around US$20,000–US$30,000.

The ULeague is intendedto provide a scaled-down and cheaperversionof the
Small-sizeleagueproblemfor undergraduatestudents.Toachievethisgoal,theULeague
factorsout themostcomplex aspectsof theSmall-sizeleague,namelyvision process-
ing andcommunication,by providing common platformsfor thesetasks,soteamsmay
focusonrobotdevelopment.

In addition to practicalrationale,theULeague alsoprovidesuniqueresearchchal-
lengesandopportunities.In theF180league, it is possiblefor multiagent aspectsof the
gameto have little impacton the performanceof a team.A powerful dribble barand
kicker or othercombinationof physical featuresmakesit possiblefor a singlerobot to
bedominant.Thephysicalconstraints placedonrobotsin theULeagueareintendedto
forceteamsto rely moreoncoordinationandcooperationto makeprogressin thegame.
Moreover, sinceacommonarchitecture is employed,theULeaguecanbethoughtof as
a physicalversionof a simulationleague.It is hopedthat theULeaguewill encourage
collaborationwith teamsfrom theRoboCupSimulatorLeague.This couldmeanfaster
disseminationof the researchandprogressmadeby teamsin the Simulatorleagueto
physicalrobot competitions.

We have chosentheSmall-sizeleague asour primarymodel,sincethis leaguere-
quiresthe leastamount of spaceandthe leastexpensein termsof equipment4. Given
this,wehaveidentifiedtwomajorstumblingblocksfor teamsentering theSmallleague:
vision andcommunication. Sofor theULeagueour ideais to provide a standard solu-
tion for thesetwo aspects,providedby leagueorganizers,andhaveteamsbuild therest
(seefigure1).
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Fig.1. High-level architectureof theULeague.
ThedashedlinesrepresentanEthernetconnection.

4 asopposed to theMid-size,Four-Leggedor Humanoid leagues



2 Vision.

TheULeague will usea standard vision softwarepackage to make it easierfor teams
to enterthe ULeague andto speedup setuptime at a competition. The current video
serveris theDoraemon packagedevelopedby Baltes[2], whichis opensourcesoftware
releasedunder theGnuPublicLicence5. Doraemon hasbeenin development for over
threeyearsandhasbeenusedby several robotic teamsin internationalcompetitions,
including RoboCup. Doraemon includesreal-timecameracalibration, colorcalibration
andobjecttrackingcomponents.

Several featuresseparateDoraemon from similar softwarewritten for otherglobal
vision robotic soccerteams.It supports full 24-bit color. It supports maximum field
captureratesof 50(PAL) or 60(NTSC)fieldspersecond.It includessophisticatedTsai
cameracalibration[5], allowing thesystemto calibratethegeometryof thescenefrom
any view, which meansthat it is not necessaryto have the cameramounted directly
overheadrelative to the playing field, nor is it necessaryto adda wide-angle lensto
thecamera. It tracksobjectsin two or threedimensions (thelatterrequiresusingmulti-
ple camerasor stereoscopic vision); andit employs a cleanobject-orienteddesignthat
makes it easyto definedifferenttypesof robots. Currentlyrobotsusingtwo colored
markers or barcodesareavailable,but therearealsomore sophisticatedobjectrecog-
nizersthatuseonly a singlecoloredspoton therobot [2]. Thedevelopersarecurrently
working on a pattern-recognition processusingneuralnetworks that doesnot require
any markers[3].

Installationandsetupof Doraemonconsistsof fourphases:(1)settingupthecamera
andtheviewing angle,(2) calibratingthecamerageometry, (3) calibrating therotation-
translationmatrix,and(4) calibrating colors.Eachphaseis detailedbelow.

2.1 Setupof the Camera.

In theF180league,eachteamprovidestheir own videocameraandmountsit in their
desiredposition.Most teamschooseto placethecamera directly overhead.Thismeans
thatthelocalorganizingcommitteemustprovideaphysicalstructureabovetheplaying
field onto which teamscanmount their cameras.However, the limited angleof view
requires that a wide-angle lensbe mountedon the camerain orderto have a view of
thewholeplayingfield. Doraemon hasmore complex cameracalibration routinesand
is not limited to overheadviews(seefigure2).

2.2 CameraCalibration.

Doraemon’s cameracalibrationusesthe well-establishedTsai cameracalibration [5]
whichis popular amongcomputervisionresearchers.It is alsosuitablefor global vision
in robotic soccersinceit cancompute the calibration from a single image. The Tsai
cameracalibration computessix externalparameters( � , � and � of thecameraposition
aswell asanglesof roll, pitchandyaw) andsix internalparameters(focal length, center
of thecameralens,uncertaintyfactor	�
 , and � ��
 � � radiallensdistortionparameters)of
acamerausingasetof calibrationpoints.Calibrationpointsarepointsin theimagewith
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Fig.2. A sampleview of theplayingfield

known world coordinates.In practice,Tsai calibration requires at least15 calibration
points.

Doraemonusesa fast,robustandflexible method for extractingcalibrationpoints
from theenvironment. A simplecoloredcalibrationcarpetis used.Theuserselectsa
coloredrectangle andspecifiesthedistancein the � and � directionbetweenthecenters
of therectangle.Doraemon’s calibration is iterative, so it cancompensatefor missing
or misclassifiedcalibration points.

2.3 Rotation Matrix.

TheTsaicalibrationresultsin theoverlay of aworld coordinatesystemover thescene.
In principle this is sufficient to playsoccer. However, Doraemon usesanadditional ro-
tationandtranslationmatrix to establishtheworld coordinatesystem.Insteadof being
forcedto compute thetwelveparameters,therotation andtranslationmatrixallowsone
to rotate,scale,shearandtranslatetheplayingfield. This resultsin asetof linearequa-
tionswith threeunknownsandallowsarotationandtranslationmatrixto beestablished
with only threepoints.Thefour cornerpointsof theplayingfield areused(resultingin
onemore point thanrequired),anda least-squarederrorapproximationof thematrix is
produced.

2.4 Colors.

Doraemonusesasophisticated12-parametercolormodelthatis basedonred(R),green
(G) and blue (B) channels as well as the differencechannels red-green(R-G), red-
blue (R-B) andgreen-blue(G-B). Simplethresholding of the R, G andB channelsis
sensitive to thebrightnessof thecolor. Evenon a roboticsoccerplayingfield with its
controlled lighting, it is difficult to detectmorethan four colors robustly usingonly
thesechannels. Othercolor modelsthat have beenproposedin the literatureareless
sensitive to brightness(e.g. the HSI, YUV, or SCT models).However, thesemodels
are computationally expensive, which greatly impactsthe performanceof the video
server. Thecolormodelusedin Doraemon attemptsto balancethebestof bothworlds.
Thedifferencechannels in thecolor model aresimilar to thehuevaluesin theHSI or
similar models,but have theadvantagethat they canbecomputedfasterthantheHSI
model.

2.5 Output of the Video Server.

Doraemon transmitstheposition, orientation andvelocity of all objects beingtracked
to theteamclientslisteningontheEthernet.Themessagesaretransmittedin ASCII via



UDP broadcastin a singlepackage.Eachline is terminatedby anendof line character
(\n). For theULeague,eachmessagecontains elevenlines: two linesof headerinfor-
mation,oneline for ball informationandeightlinesfor robot information.An example
is shown in figure3.

LineNum content
0 9 1073821804 0.00139797
1 -76.3836 -1820.48 2356.39
2 1 ball NoFnd 971.056 840.711 35 0 -2.31625 58.1464
3 0 b0 Found 1185.59 309.187 100 0.0596532 436.282 -43.083
4 0 b1 Found 1158.59 508.198 100 0.0596532 499.282 285.083
5 0 b2 Found 1086.95 1009.187 100 0.0596532 499.282 285.083
6 0 b3 Found 2185.59 309.187 100 0.0596532 499.282 285.083
7 0 y0 Found 989.95 304.588 100 -0.10185 413.528 -1.08564
8 0 y1 NoFnd 1689.95 1004.588 100 -0.10185 413.528 -1.08564
9 0 y2 Found 189.95 704.588 100 -0.10185 413.528 -1.08564
10 0 y3 Found 1789.95 1304.588 100 -0.10185 413.528 -1.08564

Fig.3. Sampleoutputmessagefrom Doraemon.

The first line of eachmessagecontains (a) the number of objectsthat the video
server is currentlytracking;(b) theabsolute frame number; and(c) thetime difference
in secondsbetweenthismessageandthepreviousmessage.A clientcanusetheabsolute
framenumber andtime difference value to determine if any framesweredroppedby
thevideoserver.

Thesecondline of eachmessagecontainsthecoordinates( ��
 
 ��� 
 ��� ), in millime-
ters,of thecamerawith respectto thereal-world coordinatesystem.This is usedin dis-
tributedvisionor stereoscopicvisionapplicationsandwill notbeusedin theULeague.
Theexample shows that in this case,thecamera wasmounted2.3m above theplaying
field (line 1 in figure3).

Following thispackageheader, thereis oneline for eachobjectthatthevideoserver
is tracking6. Eachobjectline containsthefollowing information:

– thetypeof object(0=robot,1=ball);
– thenameof theobject;
– whetherthe object wasfound in the imageor if the video server did not find the

objectandpredictedthepositionsbasedonpreviousmotion(Found or NoFnd);
– the � , � , and � coordinatesof theobject,in millimeters;
– theorientationof theobjectin radians; and
– thevelocityof theobject in the � and � directions.

The names usedfor eachof the nine ULeagueobjects areball for the ball, b0
throughb3 for thefour robots on theblueteamandy0 throughy3 for thefour robots
on theyellow team(lines2-10 in figure3). Theexample shows thatball (ball) was
not found andthat thevideoserver’s bestestimateof wheretheball is is theposition� ��������� 
 �������� 
 �!�#"%$%& . A ball hasnoorientationandthevideoserveralwaysgives
it anorientationof 0 radians.Notethattheheight( � -coordinate)of all objectsis fixedif
only a singlecameraview is used.For example, theheightof theball is 35mm andthe
heightof therobot in thenext line (below) is 100mm. Thebestguessfor thevelocity
of theball is a vector

�(' �)�+*-, 
 ' �.�/$���& . Theexample alsoshows that therobot b0

6 In thecaseof theULeague,this will alwaysbe9.



wasfound at position
� �0�1�2�3�%$ 
 �4�5"2 2� 
 �6�1�7 % %& . Theorientation of the robot is

approximately0 degreesandits motion is given by thevector
�(' �8�9�%"%: 
 ' �;�<*=�%"%& .

Notethatsincethisparticularrobotis adifferential-drive typerobot,it is notsurprising
that the direction of the velocity andtheorientationof the robot coincide. The actual
velocity of therobot is approximately43 cm/s.Theinformationfor robotsb1 through
y3 is in thesameformatasdescribedabovefor robotb0.

3 Communication.

The ULeageCommunicationscomponentconsistsof two paths.Onepathgoesfrom
eachteam’s client programto theCommunicationServer. We referto this astheinput,
or read, path.Thesecondpathgoes from theCommunicationServer to therobots,and
we referto this astheoutput, or write, path.We have definedprotocols for bothpaths.
TheCommunicationServer containstwo threads,onefor readingmessagesfromclients
andonefor writing messagesto robots.

Input messagesarepassedalonganEthernet link, connecting eachteam’scomputer
to thecomputerwheretheCommunicationServer is running(seefigure1). TheComm
Server listensfor messagesfrom clientson a socket.TheclientssendASCII messages
of the form: [name]:[msg]\n where[name] is thenameof the robot (asabove,
b0 throughb3 andy0 throughy3) and[msg] is an8-bit (onebyte)messagetobesent
to thespecifiedrobot, i.e.,anumber between0 and255(howevervalue0 is reserved as
a NULL command,described below). Thus anexample of a completemessagewould
be:y0:123\n. TheCommServer maintains an8-byte command buffer, onebyteper
robot. Eachtime aninput messageis received, theCommServer updatesthebytecor-
responding to therobot specifiedin themessage.

Output messagesaretransmittedto robots usinga standardInfra-Red(IR) trans-
mitter connectedto the computer via a serialor USB port. The output threadwrites
continuouslyto theoutput port, sendingmessagesof theform: [START][command-
buffer][CHKSUM]where[START] is aone-bytestartvalue(255)and[CHKSUM]
is astopbytewith anincluded 3-bit checksum(sothevaluesof thechecksumwill range
from 0 to 7). Thechecksumcomputationis takenfrom theLego networking protocol
asimplementedin BrickOS7.

4 Platform.

TheULeaguewill not usea standardplatform like theRoboCupFour-Leggedleague.
However, we have agreedthat we needto choosestandardplatform specificationsin
orderto keepteamson anequal plane regarding costsof therobots.Thus we provide
maximum specificationsfor processorcapability , in termsof size (RAM) andspeed.
This allows theoption eitherto purchasea pre-designedrobot kit or to build onefrom
basiccomponents.Severalpopular robotickits thatarewithin therangewearecurrently

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



testinginclude: Basic Stamp Board of Education (BOE Bot) 8, Handyboard9 andLEGO
Mindstorms 2.010.

5 Rulesof play.

Thefield set-upandrulesof play arebasedon thoseof theSmall-sizeleague[1], with
adjustments asoutlinedbelow.

Field. Thefield of playis rectangular, 274cmby 152cmin size.Theplaying surface
is heavy greenfelt or carpet.Therearegoalsat thelongendsof thefield: 70cmwideby
22cmhighby18cmdeep. Thefield of playis markedwith linesanddoesnothavewalls
(seefigure4). Theorganizerswill placea digital videocameraabove thefield, which
will sendimagesto a centralvisioncomputer asdescribedin section2. Theorganizers
will alsoplaceIR transmitter(s) around thefield, to sendmessagesto all therobotson
thefield (seesection3).Theorganizerswill alsosupplyameansto transmitthereferee’s
signalsto the robots;this will be a keyboard/mouseinterface to the communications
computer.

Fig.4. TheULeaguefield of play.

RobotsandBall. Theball is astandardorange-coloredgolf ball.Eachteamconsists
of four robots. Teamsmaydesignateoneof theserobots to bea goalie, but this is not
required.Eachrobot mustfit insidea cylinder 22cmin diameter and22cmin height.
Robotsareintended to usewheelsor rubber tracksfor locomotion. Metal spikesand
velcro arespecificallyprohibited for the purposeof locomotion. Robotsdo not com-
municate with eachotherdirectly; however, their client programsmay communicate
with eachotherthrough socketson theteamcomputer. Beforea game,eachof thetwo
teamshasa colorassigned,eitheryellow or blue.Theteamschangecolors andends of
thefield for thesecondhalf of a match.Theorganizerswill supplycircularmarkers of
eachcolor, to beplacedonthetopof eachrobot sothatthey arevisibleby theoverhead
camera.

Play. A humanreferee controls thegame.Thematchlaststwo equalperiodsof 10
minutes,with a half-time interval of 10 minutes.Theclock will run at all times,with
allowancesonly madefor majorstoppagesaspertheFIFA laws.Thegamebeginswith
a kick-off by the teamthat wins the coin toss.The otherteamkicks off to begin the
secondhalf of the game. The ball is out of play whenit hascompletely crossedany

8
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9
http://www.handyboard.com

10
http://www.legomindstorms.com



of thefield boundaries.Therefereemaystopall therobotsusingtherefereeinterface,
retrieve theball andresumeplay. A goal is scoredwhenit fully crossesthegoal line,
betweenthegoalwalls.Thewinning teamis theonethatscoresthegreaternumber of
goalsduring amatch.

6 Summary.

We have presentedour designfor a new undergraduateleaguewithin RoboCup, asa
meansfor studentswho grow too old for RoboCupJunior to stayinvolved in theinitia-
tive andasan entry level for new undergraduatesanduniversitiesto gain experience
with RoboCupsoccer. As well, theULeaguegives undergraduateswho have tried the
RoboCupSimulatorLeagueachanceto experimentwith physicalrobotswithoutneed-
ing to build a sophisticatedandexpensive hardware setup.The ULeague architecture
consistsof a common platformfor Vision andCommunication.Both will beprovided
by theleagueorganizersat any competition venues.

There arestill several openquestionsrelating to the designof the ULeague.We
proposea field without walls, but how will this work in practice?Our proposedcom-
munication mechanism hasnot beentestedin a RoboCupcompetitionyet; again,how
will this work in practice?Theexactrestrictionson robot platforms have not beende-
finedyet;whatshouldthesebe?

Thefirst full exhibition of thisleaguewill beheldatRoboCupJunior-2003, in Padua,
Italy (July2003).Presently, wehaveteamsfromthreeuniversitiesdevelopingtheleague
(University of Manitoba, Canada;ColumbiaUniversity, USA; Virginia Military Insti-
tute, USA). Teamsfrom Australia,Iran andSingapore arealsofollowing alongwith
the development. We hopeto open the leagueto any interestedpartiesin 2004. Reg-
ularly updated information and a discussionboard can be found on our web page:
http://www.robocupjunior.org/uleague.
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