GUARANA Robot-Soccer Team: Some Architectural Issues
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Abstract This paperdescribeshe GUARANA robot-socceteam
that was vice-championof the FIRA’98 Gamesin the MiroSot
catgyory. An overview of the vision andthe stratggy modules
is presentedandthe hardwareandsoftwarearchitecture®f the
maincomputerandof therobotsaredescribed.

1 Introduction

Soccerenthusiastzonsiderthe sport an exciting stratgic and
artistic game, which is usually decidedby the technicaland
physical abilities of the playersas well as by their collective
strat@yy. Lik ewise,robotsoccelis anexciting stratgyic gamethat
senesto develop applicationsandtesttechniquesn computer
vision, artificial intelligenceand multi-agentsystems. Speed,
ball handling,decisionmaking,andtheteams capacityto coop-
eratedetermingheresultof thegame.

The MiroSot catgyory of FIRA gamesis played betweentwo

robot-socceteams,eachone comprisingthreerobots. On top

of eachrobotis alabel— blue for oneteamandyellow for the
other— throughwhichthevision systemcanidentify andlocate
robots. Vision tasksareperformedby a computerusingimages
originatingfrom a singlecamerahangingover the centerof the
gamefield. Theresultinginformationis usedby a strateyy mod-
ule which commandsherobotsvia wirelesscommunication.

This paper describesthe GUARANA team, worldwide vice-
championteamof FIRA'98 in the MiroSot catgyory. Section2
presentshe architectureof the teamandgivesan overview of
the vision and stratgy modules. Section3 describests hard-

ware and software and discussesngineeringissuesregarding
the centralcomputerandtherobots.

2 Team architecture

The GUARANA teamarchitectures composedf vision, predic-
tion, stratgy, andcommunicatiormodules.In the next subsec-
tions,we describeeachof thesemodules.

2.1 Vision

Image interpretation— essentiallyrecognitionof playersand
ball — is basedn the colorsof theimagecapturedoy thecam-
era. We usedtwo rectangulatabelswith a black mamgin on top
of eachGUARANA player Thefirst label hastheteamcolor —
eitherblue or yellow — andthe second pink label assistshe
vision modulein determiningthe robot’s orientation. The ball
usedin the gameis an orangegolf ball. Figurel1 shows the la-
belsusedon top of the GUARANA robots.

A preliminaryimageprocessinghaseconsistingin subtracting
animageof the emptyfield from the capturedmageis usedto
simplify and speedup interpretation. This subtractionoccurs
only in R andG channel®f theimage,sincethesearesufficient
to detectary variation of every necessarygolor in the applica-
tion. Pixelsfor which theresultof the subtractioris biggerthan
a pre-establishethresholdare consideregossibleelementsof
thegame(ball or labels).Their color patternsareanalyzedising
valuestaken from both R/G and G/B relations,in orderto re-
duceinfluencesof ambientillumination. Color identificationis
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Figurel: Robotidentificationlabels.

carriedout by matchingR/G and G/B relationswith predefined
color bands We have restrictecthis analysisto thecolorswhich
have meaningn thegame(yellow, blue,orange andpink).

Centroid

Neighboringpixels with similar colors are consideredcompo-
nentsof one sameelement The elementsconsideredare pink,
yellow, blue and orangepatchesthe orangeonebeingcircular.
The coordinateqz, y) of the centroid(centerof mass)of each
elementare computedrom the pixel coordinatesisingthe for-

mula(?):
1 — 1 «
==Y @ andy=—3 u
i=1 i=1

where(z;,y;) arethe pixel coordinatesandn is the numberof
neighboringpixelsusedto groupthe pixelsinto anelement.

Identification and Tracking

To senda commando arobot,the centralcomputemustknow
its state consistingof position,orientation,andspeed.Thisre-
quiresa procedurdor identifying eachrobot.

In our systemthelabelson the robotsaresimilar, andtherefore
cannotbeusedto distinguisharobotfrom the othermemberof

the team. The black borderis usedto avoid misidentifyingtwo

robotsasonesingleelementwhenthey arein contact.

Whenthe gameis startedeachrobotis identifiedby the userof
the system. From then on identificationis donevia a tracking
algorithmwhich usesexhaustve optimizationto find the mini-
mum costsolutionof thefollowing system:

S(i,j, 'r) = d(eteam(z) eplnk( )) + d(eteam (7/)7 eprev('r))
subjectto
liteam < Neéteam (l) < ISteam;
lipink < nepink(j) S lspink;
0 < d(eteam(i), eprev(k)) < 14; and
4 < d(eteam( ) epink(j)) <7

In the expressionsabover = 1,2, 3 is the numberof the robot
consideredi = 1,2, ..., Neam; J = 1,2, ..., Npink; and
e s(i,4,r) is theobjective functionto beminimized;

e d(e1,e0) is thecartesiartistancebetweerelements:; and
e2 in theimagecoordinatesystem;
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color;
¢ epink(j) is thecentroidof thejth pink element;

¢ eprey (1) is the centroidof the rth teamcolor elementiden-
tified in the previousimage;

® Negeam (i) IS thenumberof pixelsin theith teamcolor ele-
ment;

o nepink(j) is thenumberof pixelsin thejth pink element;

® litoam andlsieam areupperandlower limits in the number
of pixels,which definethevalid rangeof the sizeof ateam
colorelement.Thesevalueschangeaccordingo theimage
resolutionused.We usedliieam = 60 andlsieam = 80;

o linink andlspink areupperandlower limits in the number
of pixels,which definethe valid rangeof the sizeof a pink
elementWe usedlipink = 20 andlspink = 30;

® nieam IS the numberof teamcolor elementsn the image
and

® npink IS thenumberof pink elementsn theimage.

This optimization algorithm is applied on each of the three
robotsin theteam. As a result,the systemwill have threedif-
ferentpairs(teamcolor elementpink element) eachassociated
with oneof therobots.

Although correctnesof this tracking procedurewas not for-
mally proved, in practiceit was shavn quite robust. We did
not experiencedentificationlossor swappingof robottracking
duringthegames.

Orientation and Position

The robot’s orientationis definedby the anglea rangingfrom
field's axis z to the vector(pink centroid,teamcolor centroid),
asillustratedin Figure2. For the robotdimensionsandimage
resolutionused,the maximum deviation obsened was 10 de-
grees.
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Figure2: Robotorientationfrom labels.

The position(z, y) of theteamrobotsresultsfrom theweighted
averageof the positionsof the centroidsof the teamcolor and
pink labels,definingtherobot’s geometriccenter Theequations

usedare:
1Y~ Y

.CL't—IL'p

a = tan
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where (z;,y;) arethe coordinatesof the centroidof the team
color element;(z,,y,) is the coordinateof the centroidof the
pink elementandc;, ¢, arefactorsthatdependnthelabelsize
andimageresolution.In ourcaseg; = 7 ande, = 3.

The positionsof the adwersaryrobotsandof the ball aredefined
by the centroidcoordinate®f the adwersarycolor andball color
elements.

Orientationsaredeterminedy thedirectionof movementgiven
by the differencebetweenthe positionsof the elementsn the
currentandpreviousimages.

New Coordinate System

After identifying eachobjectin theimage,theimagecoordinate
system(in pixels)is transformednto thefield cartesiarsystem
(unity of 0.5cm),asshowvn in Figure3.
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Figure3: Systemof coordinatesftervision phase.

The vision moduleimplementedwvasfast (7ms per frame) and
robust,allowing variationsonillumination conditionsandcolors
of the field, labels,andball. Settingup the vision systemwas
quickandeasy

2.2 Prediction

A commandg; is sentto arobotr basedon the stateof all el-
ementsobsened in the imageat instantt;. Due to the delay
involved, it is necessaryo predictthe future stateof the robots
andthe ball in orderto estimatetheir stateat the momentthey
actuallyreceve thecommand.

The position, orientation,and velocity of adwersaryrobotsand
of the ball are predictedbasedonly on the dataextractedfrom
the currentand previous imagesassumingconstantvelocities.
Predictionsfor theteamrobotsare moreaccurateandtake into
accounttheir currentstatesand the mostrecentcommandsac-
cordingto a nonlineardynamicalsystemof theform

ST‘i+k = Sp; + fT(Sn,Ci, Ci 1y---, Cl‘,n)

where: s, is the predictedstate,after delay of k£ (sensoring
andcommunication);s,, is the stateatinstanti (sensofninput);

r = 1,2,3 is the robot consideredic;, ¢; _1,...,c;_, arethe

n+1 commandgonsideredandf,(-) isanempiricallyadjusted
function.

s S it D

Every Brazilian is saidto be a soccercoach. In humansoc-
cer, astrongetteamwill oftendefeatanothemwhich hassuperior
technique.Trustingour experiencewe formulatedsomesimple
stratgjic rules:

e Against strongeropponents emphasizedefenseto suffer
fewer goals.

e Againstslower opponentsattack. Therewill be time to
bring attaclersbackto helpthedefense.

Behavior s

Thereexist threestratgyical main behaiors thateachrobotcan
assumeccordingo its position:

1. goalkeeper: Therobotis placedin the projectedposition
of the ball on the defensie goalline if the ball is coming
towardsthe defensve region. Otherwisethe robot aligns
itself with theball in they coordinatealwaysremainingin
front of thegoal.

For fastempositioningtherobotalwayskeepsanorientation
of 90 or 270degreesasshown in Figure4.
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Figure4: Goalkeepebehaior.

2. defender: The robot is placedalong the coordinatey of
the ball, blocking the ball to preventit from reachingthe
goal. It doesallow the ball to passwhenit is beingpushed
away from the goal by the attacler. When the defender
andtheball arein a favorablesituationwith respecto the
adwersarygoal it switchesbehaior with the attacler and
tries to score. The favorable situationshappenwhen the
robotis the teamrobot closestto the ball in the transition
area,showvn in figure5.

3. attadker/midfield:In this positiontherobothastwo distinct
behaiors: (i) positioningmode,whenthe objectie is to
position the robot behindthe ball, leadingto the goal or
blocking the adwersaryattack. Positioningsenesto mount
an attackor strengtherthe defense.(ii) conductionmode,
whentherobotpushegheball from behindtowardsthe op-
ponentsgoal.

Usually the robotsare sentdirectly towardsthe target. In the
attacler behaior however, a discontinuityin thetarget position
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Figure5: Transitionarea.

happensluring the transitionbetweenpositioningand conduc-
tion modes. This discontinuityis smoothenedaking into ac-
countthelimitations of movementof therobot.

Trajectoryplanningconsidersurrentstates (currentspeedpo-
sition, andorientation)anddesiredstateg (desiredspeed posi-
tion, andorientation)for the robot,asshavn in Figure6a. The
dashedine indicatesthe plannedpath.

A desiredandfeasiblecommandwvhich would take the robotto
the target stateis chosen.The effect of applyingthe inverseof
thiscommando thetargetrobotstateg is computedgenerating
anew tamgetstateg’ (Figure6b). Theprocedures repeatedising
g' asthetamgetstate,andsoon. Thelastcommandhusgener
ated,in factthefirst we desireto use,is transmittedo the robot
(Figure 6d). The computationis repeatedor eachnew image
duringtransition.

@ ,O (b)

Figure6: Planningof transitionbetweerobjecties.
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The robotstry to avoid collision by planninga patharoundob-
stacles. Due to the dynamicnatureof the soccerdomain,our
robotscontinuallyreplantheir target positionsaroundobstacles
via incrementabeneratiorof intermediatdargetpoints.

A robotr startsby trying to go from its position s towardsits
target g alonga straightline, defininga pathPath, , from s to
g. If following Path, , it would comeacrossan obstacleo as
in Figure 7a), the robotr aims at an intermediatetarget g’ as
shavnin Figure7Db, takinginto consideratiorthepoint P; where
thetrajectoriesof o andr intercept.

The velocity of the objectsandthe interceptionpoint P; define
the collisiontime t.. If the collisiontime t.. is smallerthanthe
time t, thatrobotr will taketo reachtargetg (thatis, 0 < ¢. <
ty), andif theintersectiorpoint P; of thetrajectorieof r ando is
insidethepathPath, ,, thenanintermediatdargetg’ is defined.
¢' is locatedatadistanced from P;, perpendicularlyto Path, ,.
We have usedd = 20cm. Thealgorithmalsotakesinto account
the walls of the playing field in generatingntermediatetarget
points.

Figure7: Obstacleavoidance.

Inter section of Trajectories

Theinterceptiorpoint P; = (z;,y;) is definedasthepointwhere
thetrajectoryof robotr crosseshatof objecto. An approximate
computationis used. The numberof iterationsn, after which
thetrajectoriesof » ando will intersecton z andthe numberof
iterationsn, afterthey will interseciony are

Yr — Yo
dy, — dy;

Ir — To

- dn. =
dz, — dz, and my

)
where(z..,y,) aretherobotcoordinates(z,, y,) arethe object
coordinatesanddz,, dy,, dz,., anddy, aredisplacementsf the
objectandrobotgivenby thedifferencebetweerthe currentpo-
sition andthe previous.

If n, < 0 orny, < 0 thereis no interceptionpoint. Robotr
cannotinterceptobjecto in a numberof iterationssmallerthan
n; = min(ng,ny). Whenr is far from o, n, andn, canbe
different. However, they iteratively corvergeto the samevalue
asthe systemevolves.

Theinterceptionpoint (x;, y;) is calculatedasfollows:

z; =n; dx, +x, and y; = n; dy, + v,

2.4 Communication system

The communicatiorsystemis composedf onetransmitterand
threereceversworking at 72.830MHz Fsk. They wereadapted
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sionrateof 1200bps,usingManchestecode(?). Thetransmit-
ter broadcastsnessageto the robotsunderthefollowing proto-
col: 2 bits sYNc, 2 bits preamble 8 bits for robotr;, 8 bits for
robotr,, 8 bits for robotrs, and4 bits for CheckSum. The 8
bits sentto eachrobotcomprise4 bits for eachmotor (left and
right).

(D Vi[Vi[Vi] Do [ Ve [ Ve[ Ve

left motor right motor

whereD is thedirectionthemotoris to turn,andV is theveloc-
ity (3 bits).

3 Hardware and software platf orms

The software of the GUARANA teamis centralizedandrunson
a Pc Pentiumll-233 MHz, using Windows 95 and genericpro-
grammingin BorlandC 4.0, including someassembleroutines
in thevision module.

Imagesare capturedby a Jvc 3ccb color camerawith s-
VHs videooutputanddigitalizedby a PixelView pv-Bt-848 pCI
board. The digitalizedimageusesresolutionof 320x240pixels
and24 bit quantizatiorin RGB.

Imageprocessings performedby the vision module,usingMi-
crosoftVideo for Windows (vfw) (?) asinterface. The useof
vfw providesversatilityandtranspareng sinceit allows digital
imageacquisitionby any compatibleframegrabber Thevision
moduleis ableto process30 framespersecond.

The robotsuse motorsadaptedrom an electromechanicatal-
culatingmachine.They aresmall Mabuchi bc motors,ratedat
about20 gfxin torqueat 5Vcc. A single stagereductiongear
is usedfor eachmotor/wheelassemblyproviding a 5:1 speed
reduction.

Oneachwheelthereis animprintedreflective pattern coupledto
areflexive infra-redsensorworking asa rotary pulsegeneratar
Thepulsesfrom eachwheelarefed backto theelectroniccontrol
unitin orderto allow speeccontrol(seeFigure8).

Robotscan develop a maximum speedof aboutl m/s. The
electroniccontrolunit is composeaf an EEPROM-basedmicro-
controller (Atmel 89C2051),runningat 14.75MHz clock. The
motorsaredriven by a full-bridge circuit usingcomplementary
MOS transistors.The transistorsaareswitcheddirectly by micro-
controller 1/o ports, allowing speedand direction control by
pulsewidth modulation.

Therobot'sreceveris adaptedrom aFUTABA R/C doublecon-
version seno recever. The digital signal is obtainedat the
FM discriminatoroutput, squared,and then sentto the micro-
controller, which is responsibldor syncandclock recoveryand
Mancheste(split-phasedemodulation.

Therobot'sbodywashuilt with epoxy-fibemlassboardsandl /2
inch plastic Pvc pipe as batteriesholders. Electric power was
suppliedby 4 NiCd AA cells, providing 800mAxh at4.8vcc.

Coppercladdingontherobot'stop coveractsasthereceving an-
tenna.Owing to therelatively high transmitteppower (100 mw)
andthe highly sensitve recever, the rangeof theradiocommu-
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Theuseof smallmotorsandplasticwheelsandbodyresultedn
alightweight, robust,andlow-costrobot.

4 Conclusion

The GUARANA teams strongpointsareits straightforvard and
efficienttacticsandthevision system:simple,robustto erviron-
mentalvariations,andeasyto adjust.We believedthatthe good
performancef theteamis dueto thereasonabl®dalanceof our
system.

Robotcontrolwasshovn impreciseand could benefitfrom im-
provements. To achieze a more competitive systemthe robots
would needstrongey highertorquemotors.
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