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Abstract. This paper presents the RoboCup SSL team WR Magicz developed
fromm2@}}muntilmm2@}1 by the Warthog Robotics group from the University of
São Paulo at São Carlosw This project merges the best features from older
projects developed by the groups GEAR and USPDroidsw Besides thatz it brings
a new aluminum mechanical structure with a 3{wheel omnidirectional robust
control systemz an efficient kicking devicez a potential fields{based navigation
module and a fuzzy strategy systemw The team presents full game capability

with accurate and fast responses to strategy and referee commands.

Keywords: RoboCup Small Size Leaguez Roboticsz Embedded Electronicsz
Artificial Intelligencew

1 Introduction

At the beginning of 2@}} the groups GEAR and USPDroids merged creating the
Warthog Roboticsz a group of the departments of Electrical Engineering of the São
Carlos School of Engineering and the Computer Sciences of the Institute of
Mathematics and Computer Science of the University of São Paulo at São Carlosw

The group counts with about y@ members students of Computerz Electrical and
Mechatronic Engineering and Computer Science and develops robotics technologiesz
applying most of them at the robot soccerw This first project of the group brings
features from older projects of GEAR and USPDroids and implements them together
with some improvements in a new mechanical structurew The next sections present
some WR Magic features detailsz including the mechanical structurez electronic
devices and computer systemsw



2   Mechanical Structure

Themmechanicalmstructuremwasmdesignedmtomaccommodatemthemlocomotionmsystemzmwithm
itsmfourmFaulhaberm2132mDCmmotorszmgearboxesmofmUk}mratiomandmomnidirectionalm
wheelszmcapablemofmprovidingmammaximummspeedmofm1wEmmps5mthemkickingmdevicezm
consistingmofmtwom22@@m Fμ mandm2@@mVmcapacitorsmandmamcustommsolenoidmwithmam
concavemplatemattachedmtomitsmaxiszmthatmcanmkickmupmtomj mmpsmfast5mandmthemdribblemdevicem
thatmcountsmwithmamspecificmshape{rollermcoatedmwithmanmviscoelasticmmaterialzmmountedm
onmamsuspensionmwithmshockmabsorbermsystemmandmlinkedmtomamMicroredmAmDCmmotormbym
am1k}mgearboxwmThemmaximummballmcoveragemwhenmdribblingmism}EWwmThemuppermpartm
housesmthemthreemelectronicmboardsmandmthembatterywmBesidesmthatzmitmcontainsmductsmform
wiringmandmcolumnsmformcovermattachmentwmThemcovermfollowsmthemclassicmdesignmofmthem
categorykmamcylindermwithmopeningmformthemwheelsmandmthemkickingmandmdribblemdeviceszm
resultingminmamrobotmwithm}y@mmmmheightmandm}j- mmmmdiameterwmAll mmechanicalm
structuremismmademofmaluminummandmwasmmachinedmbymthemgroupmmemberszmofferingmam
robustzmyetmlightzmrobotw

3   Electronic Devices

Inmordermtomfulfill mthemessentialmrequirementsmofmlocomotionzmkickingmandmdribblingzm
threemelectronicmdevicesmweremdevelopedkmMainBoardzmDriverBoardmandmKickBoardw

3.1   MainBoard

ThemMainBoardmismresponsiblemformreceivingmcommandsmfrommthemartificialmintelligencezm
decodingmthemmandmsendingmcommandsmwithmSPImtomthemrequestedmactuatorsmTmotorszm
dribblemdevicemandmkickmboardãwmMoreoverzmitmmeasuresminformationmasmbatterymandmkickm
capacitorsmvoltagesmandmsendsmthemmbackmtomthemtelemetrymsystemw

AmdsPICm11Fmrunningmatm3@mMIPSmismusedmasmthemmainmcontrollerkmcapturingmthem
sensorszmcontrollingmthemmotorsmspeedszmchoosingmthemradiomfrequenciesmandmactivatingm
themkickingmandmdribblingmdevicesw
ThemcommunicationmwithmthemstrategymismdonembymthemtransceivermLAIPACmTRF{2w3Gzm
amcheapmbutmhighmreliablemmodulemthatmrunsmatm2w3mGHzmandmimplementsmfeaturesmasm
addressmattributionzmShockBurstmtransmitionmmodemandmerrormdetectionmviamCRCm[}]w

3.2   DriverBoard

ThemDriverBoardmreceivesmcommandsmfrommthemMainBoardmandmactivatesmthemmotorswm
ThemcontrolmsystemmmustmassuremthempropermfunctioningmofmthemFaulhaberm2132mDCm
motorszmthereforemitmcountsmwithmy}2mlinesmpermrevolutionmFaulhabermIE{2mencodersmtom
measuremtheirmrealmspeedszmthatmactmasmthemfeedbackmofmamclassicmPIDmcontrollerwmThem



drivingmismdonembymthemICmL2-Em{mamH{bridgemthatmamplifiesmthemsignalsmthatmwill mbemsentm
tomthemmotors{zmactivatedmbymPulsemWidthmModulationmTPWMãzmformthatmismanmeasymtom
implementmsolutionmandzmaccordingmtom[2]zmensuresmthatm“themglobalmefficiencymofmthem
systemzmevenmwhenmtakingmthemlossesmduemtomharmonicsmintomaccountzmismmuchmlargerm
thanmthemonemprovidedmbymlinearmamplifiers”w

3.3   KickBoard

ThemKickBoardmcontrolsmthemkickingmdevicezmchargingmtwom22@@mFμ mcapacitorsmtom2@@m
VmandmdischargingmthemminmamcustommsolenoidmwhenmrequestedwmThemchargingmmodulem
followsmthemboostmtopologymwithmamdigitalmcontrolmsystemwmAmprinciplemofmthemboostm
convertermismthemswitchingzminmothermwordszmtheremmustmbemvoltagepcurrentmpulsesmatmthem
transistormgatezmasmdescribedminm[1]zm[3]mandm[y]zmhencemamPWMmsignalmismgeneratedmbymam
PICm}EFmcircuitw

Furthermorezmanmautomaticmstopmsystemmceasesmthemchargingmwhenmthemcapacitorsm
reachmthemwantedmvoltagemandmre{activatesmitmwhenmtheymfallmundermamcertainmvaluew

Themshootingmmodulemconsistsmofmcapacitormdischargemandmcontrolmmodulemprotectionm
circuitswmWhenmshootingzmthemprotectionmcircuitmstopsmthemchargingmandmisolatesmbothm
modulesmtomavoidmcomponentsmdamageszmandmthemdischargemcircuitmtriggersmampowerm
transistormthatmletsmthemcapacitorsmchargempassmalmostminstantaneouslymtomthemsolenoidw

All mboardsmarempoweredmbymamLiPombatterymofm}3wEVmandm2w}mAhzmthatmprovidesmanm
autonomymofmaboutm3@mminutesmtomrobotminmamgame{likemambientkmwithmdasheszmstopszm
kicksmandmdribblesw

4   Computer Systems

ThemWRmMagicmProjectmsoftwaremismbasedmonmtwomsub{projectsmdevelopedmbymthemgroupkm
themGEARSystemmlibrarymandmthemstrategymapplicationw

4.1   GEARSystem

ThemGEARSystemmismamdistributedmsystemmlibrarymthatmprovidesmcommunicationmamongm
allmsystemmmoduleswmItmwasmbuiltmovermCORBAzmamclassicmstandardmformthismkindmofm
applicationzmandmallowsmthemexecutionmofmthemAImapplicationminmonemmachinemandmthem
telemetrymsystemminmanothermonezmformexamplew

ThemlibrarymarchitecturemismminimalistzmwithmfourmbasicmelementskmServerzmSensorzm
ControllermandmActuatorwmThemsensorsmcanmcreatemteamszmplayersmandmballsmandmsetmtheirm
informationmTpositionzmorientationzmvelocityzmwwwãwmControllersmmaymreadmthesem
informationmandmsendmcommandsmtomthemactuatorsmTmovezmkickzmdribblezmwwwãwmActuatorsm
readzmdecodemthesemcommandsmandmexecutemthemw



4.2 Strategy and Artificial Intelligence

The strategy is responsible for setting behaviors to the players and planning pathsw
Some behaviors were definedk defendz interceptz pass and kickw Defend is performed
only by the goalkeeper and consists in standing still in front of the goalz protecting itw
Intercept shall prevent the ball from going towards the goalw The passing behavior
consists in conducting the ball towards the opponent areaz preferentially towards a
team mate that is close to the areaw Finallyz kick behavior pulls the ball to the goalw
The attribution is flexiblek during the gamez the coach can choose the best set of
behaviors for the game situation using a fuzzy control logicw

The path planning uses the orientated potential fields techniquew This technique
uses solutions of the elliptic partial differential equations contour value problem to
create the potential fieldsw The Dirichlet contour condition was used [U]z where the
goals have potential @ and obstaclesz }w This technique represents an evolution to the
old USPDroids strategy system [j]z because it allows the definition of behaviors at the
generated trajectoriesw This is possible due to the definition of a influence vector to
the potential field [U]w

The utilization of this kind of equations also solves another conventional potential
fields problemk the existence of local minimumsw

5 Conclusion and Future Work

The presented project brings a whole set of improvementsz taking the group to a
highly competitive levelw The developed hardware is robustz reliable and provides an
excellent platform to the strategy systemsw The implemented navigation algorithms
allow the robot to move fast and softly in the fieldz permitting the execution of all
desired strategiesw

Until mid{2@}3m the computer systems shall be tested harder and some new
features may be available either on navigation and strategies or on integration
systemsz improving the ability of the teamw
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