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ABSTRACT

InterestinroboticsfieldasateachingtooltopromotetheSTEMareashasgrowninthepastyears.
Thesearchforsolutionstopromoteroboticsisamajorchallengeandtheuseofrealrobotsalways
increasescosts.Analternativeistheuseofasimulator.Theconstructionofasimulatorrelatedwith
the Portuguese Autonomous Driving Competition using Gazebo as 3D simulator and ROS as a
middlewareconnectiontopromote,attract,andenthusiasmuniversitystudentstothemobilerobotics
challengesispresented.Itisintendedtotakeadvantageofacompetitivemindsettoovercomesome
obstaclesthatappeartostudentswhendesigningarealsystem.Theproposedsimulatorfocusonthe
autonomousdrivingcompetitiontask,suchassemaphorerecognition,localization,andmotioncontrol.
Anevaluationofthesimulatorisalsoperformed,leadingtoanabsoluteerrorof5.11%andarelative
errorof2.76%onbestcasescenariosrelatingtotheodometrytests,anaccuracyof99.37%regarding
tothesemaphorerecognitiontests,andanaverageerrorof1.8pixelsfortheFOVtestsperformed.

KeywORDS
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INTRODUCTION

Interest in autonomousvehicles (AVs)havegrown in thepast years and represent an important
innovationfortheautomotiveindustry.Self-drivingcarspavethewayformyriadrelevantapplications
acrossmultiplefields.Insuchadynamiccontext,workandresearchinthisareahasgrowngreatly
overthelastyears(Carvalho&Borrelli,2015).Thistopichasevenraisedinterestwithintherobotics
communityandwasthetargetfocusofmanyroboticcompetitionsaroundtheworld.Anautonomous
intelligentvehiclehastoperformanumberoftasks,sometimesinalimitedamountoftime.The
mostcriticaltaskistheperceptionandmappingofthesurroundingenvironment.Thisinvolvesbeing
capableofidentifyingandtrackingroadlanes,beingabletoprocesstrafficlightsandroadsigns,and
beingconsistentatidentifyingandavoidingobstacles(Häne,Sattler,&Pollefeys,2015).Theinterest
inroboticsfieldasateachingtooltopromotetheSTEMareas-Science,Technology,Engineeringand
Mathematicshasgrowninthepastyears.SomeinitiativeslikeRoboCupcontest(RoboCup,2016)
thathaveitsfirstedition1993,RoboParty(RoboParty,2016)goinginthe10theditionin2016,the
CEABOT(CEABOT,2016)since2006,ISTROBOT(ISTROBOT2016,2016)since2000,“Micro-
Rato”(Micro-Rato,2015)since1995,MicromousePortugueseContest(Micromouse,2016)since
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2011focusonpromoteroboticschallenges.In2015,thecarbrandAudihasproposedachallenge
calledAudiAutonomousDrivingCup(AudiAutonomousDrivingCup,2016)aimingtopromote
theautonomousdrivingchallenges.Thiscompetitionisorientatedtostudentsofcomputerscience,
electricalengineering,mechanicalengineeringorsimilardisciplines.Theparticipantsareaskedto
developfullyautomateddrivingfunctionsandthenecessarysoftwarearchitectures.Forthistask,
ahardwareplatformmodelvehicle,withascaleof1:8, isprovided.Thisvehiclewasdeveloped
speciallyforthecompetition.Givingthelastyearsuccess,Audihasrepeatedthecompetitionin2016,
offeringacashprizeof10,000euros.Assuch,theautonomousdrivingparadigmiswell-suitedto
incentiveroboticsstudentsinthosecompetitions,suchasthePortugueseNationalRoboticsFestival
(PNRF)-“FestivalNacionaldeRobótica.”

LITeRATURe ReVIew

Inordertoproperlypreparethecontestantsforasuccessfulparticipation,someauthorshavepresented
strategiestoteachandenthusiasmstudentsintotheroboticsareausinghardwarebasedplatforms.
Amajorpoint tosupport thissolutionis theintegrationofRoboticsclasses’exerciseswithreal-
worldproblems,withtheoutputoftheworkingprojectinteractingdirectlywitharealsetup,thus
motivating students (Cardeira&daCosta,2005;Lenskiy, Junho,Dongyun,& Junsu,2014).To
reducecomplexity,theycanbebasedonoff-the-shelfcomponents.Byskippingthecomplications
ofhardwaredevelopment,whichstudentsintheirfirstgraduateyearsdonothave,developmentin
autonomousdrivingroboticsismuchmoreaccessible(Cardeira&daCosta,2005).Theycanalso
permitonlinedevelopment,makingpossibletocreateonlineclasses,givinggreateraccessibilityto
theplatform(Lenskiyetal.,2014).Usageofthismannerofplatformasalearningtoolcanproveto
becostlyandpotentiallydifficulttodistributebetweenpotentialstudents.Beingaphysicalsolution,it
ispronetomalfunctions,thusrequiringmaintenanceanditishardertoshare,unlikesoftware.Unless
itisamodularsetup,therobotswillbetailoredtospecifictasks,limitingtheirusageindifferent
scenarios(Yusof&Hassan,2012).Anotherdisadvantageofusingrealplatformsistheassociated
monetarycost,beingsometimesinaccessibletofund.Asolutiontothisproblemisthecreationof
almostinexpensiveplatformstointroducethesamerobotictasks:apossiblesubstitutionistheuse
of3Dprintedmodelstoreplacepartssuchasthewheelsorthechassis(Gonçalves,Silva,Costa,&
Sousa,2015);theprintedcircuitboardthathoststheelectroniccomponentscanbedesignedtoalso
serveastherobots’structure(Valente,Salgado,&Boaventura-Cunha,2014).Althoughthesesolutions
aremuchlessexpensive,theyalwayshaveanassociatedmonetarycost.Aworkaroundistheuseofa
simulatororahybridsolution–simulatorandarealplatform–thusminimizingaforementionedcosts.

Inrobotics,asimulatorplaysaveryimportantrole,aidingthedevelopmentofprototypes.By
emulatingrealitywithinacertaindegreeofrigor,itallowsinexpensiveandlessconsumingtests
todevelopedarchitectures.Usingthisstrategy,countlessnumberof tests invariouswell-defined
environmentscanbedonewithnofearofcausingrealdamagetothesystemundertest:forexample,
onecantestdevelopedalgorithmsinthesimulatorbeforeimplementinginthephysicalrobot,thus
guaranteeingacertaindegreeofdependabilityinthosealgorithms(Kuc,Jackson,&Kuc,2004).
Itisalsopossibletorepeatexperimentswiththesameinitialconditionsandparameters,orchange
theminthesimulator,helpinginunderstandingtheimpactofeachintheresult(Abiyev,Ibrahim,
&Erin,2010).Simulationresultscanbeimprovedbyaddingamathematicalrepresentationofall
relateddynamicsystemsorbyusingsamplesordatasetsfromcomponentsatruntime.Thisapproach
isnormallycalled“hardware-in-the-loop”simulation(Jong,Park,&Kim,2012;Lee,2008;Temeltas,
Gokasan,Bogosyan,&Kilic,2002),andisnormallyemployedtodevelopcomplexembeddedsystems,
greatlyshorteningtheresearchanddevelopmentprocessofcontrolsystems.Withtheimplementation
ofsensorsandactuatorsinasimulation,someprocessescanbesimplified,alsomakingthemmore
closetoreality(Lee,2008).Itshouldbenotedthatthissolution,whencomparedtohardwarebased
ones,bringsupdisadvantages,suchastheinsertionoferrorswhicharehardtoestimateorthehigh
amountofnecessarycomputationalresourcestosimulatecomplexsystems.Allthesecanbeavoided
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bychoosingagoodcompromisebetweenthecomplexityofthemodelandtheaccuracyofthephysics
associatedwiththerealprocess.“Hardware-in-the-loop”simulationcanalsohelpintheintegration
ofstudentsonRobotics:byusingrealhardware,studentscanseetheirworkinasystemcloseto
reality,thusmotivatingthem(Jongetal.,2012).

ReSeARCH ISSUeS

Fromtheliteraturereviewandthepresentedcontext,thefollowingissueswereidentified:

• ItisquitehardtoattractstudentstotheSTEMarea
• Evenifroboticisvisuallyappealing,itisveryhardandexpensivetotacklewiththecomplexities

andrunningcostsofrealworldroboticsapplications
• ThePortugueseNationalRoboticsFestivalisawell-known,longrunningeventthataimsfor

attractivenesstakingadvantageofthenaturalcompetitivemindsetofHigherEducationstudents
butalsotriestoattractgeneralpublictotechnologicalevents

• ThePNRF-AutonomousDrivingRoboticCompetition(PNRF-ADRC)hasbeendecreasing
innumberofcompetitors(mostcertainlyduetoeconomicpressureandthecomplexitiesofthe
challenge)

• ThePNRF-ADRChasacloseresemblancetorealworldautonomousdrivingcarsthatarenow
andwillbeinthenearfutureabigissueinthegeneralistcommunicationmassmediaandthis
proximityisexpectedtobringevenmoreattractivenesstonon-expertaudiencesandagainattract
students

• Thementionedcompetitionisarealworldcompetitionthatoccupieslargeamountsofspacefor
thetrack(roughly7mby17m),needsroadsignals,monitorsaspartofthesetupandmanyother
resourceshardtokeepallocatedtosuchcompetition;thetypicalrobotforthecompetitionneedsa
laptopforimageprocessingcomingfromseveralsources(track,semaphores,trafficsignals,etc.)

Nextit ispresentedtheproposalandresearchgoalsinordertoaddressthesupra-mentioned
questions.

PROPOSAL

Theworkpresentedfocusontheconstructionofanautonomousdrivingsimulator,usingthePortuguese
autonomousdrivingcompetition (XVIPortuguese roboticsopen,2016)as the simulator’sworld
model.Thisisaworkinprogress(Costa,Rossetti,&Sousa,2016)andsomeimprovementstothe
previoussimulatorwerealreadymade.Itisintendedtousethissimulatoronafifth-yearcourseof
IntegratedMasterinInformaticsandComputationEngineeringinFacultyofEngineeringofUniversity
ofPorto(FEUP)called“Intelligentrobotics”.Thedevelopedsimulatorintroducesthemotioncontrol
challengesofamobilerobotand/ortheimageprocessingchallengesappliedtothesamerobot.Oneof
themajorgoalsisthecreationofamicrocompetition,challengingthestudentstoformteams(twoor
threestudentsperteam)andcompetewitheachother.Itwasdemonstratedbypreviouswork,(Costa,
Cunha,Oliveira,Sobreira,&Sousa,2015)thattheuseofacompetitivemindsetprovidesenthusiasm
tostudentsandpropelsthemtoovercomecomplexissuesthatmayappearonautonomousdriving
competitions.Themainadvantageofusingasimulatorisportability.Makingarrangementstoprepare
tracksforrealrobotsisanexpensiveandtimeconsumingtask.Anotherissueisthespaceneeded
tobuildandmaintainthetrack.Thesimulatordevelopmentincludesthedesignofatrack,Figure
1,thecompetitionsemaphores,Figure2androbotmodel,Figure3b.Oneimportantaspecttohave
intoaccountis,inthecontextofthePortugueseautonomousdrivingcompetition,asemaphoreisa
signprojectedontwomonitorsandnotthecommonthreecolorsign.Anevaluationofthesimulator
performanceisalsodescribed.



International Journal of Technology and Human Interaction
Volume 13 • Issue 4 • October-December 2017

22

Research Goals
Thegoalsofthepresentedresearchare:

• Tokeep theproximity to thePortugueseNationalRoboticsFestival–AutonomousDriving
RoboticCompetition

• Trytoattractnewparticipants
• Tomakedevelopmenteasierontheexistingplatform
• Tohaveaversatilebutrealistictestplatformforallpartsofthecompetition(trackandrobot),

preferablyincludingsynthetizedperception,physics,etc.
• Totakeadvantageofahealthy,extendiblearchitecturebypromotingcodereusemaybefroman

initialstartingpoint(allowingdeveloperstotargetlimitedproblems)

Figure 1. Track used on the 2016 Portuguese autonomous driving competition

Figure 2. Semaphores used on the 2016 Portuguese autonomous driving competition. Left to right, indication to turn left on green, 
indication to turn right on green, indication to move forward on green, indication to stop on red, end of trial on Red and green 
checkers flag colors are presented in an alternate succession and indication to follow to the parking area
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• Toallowfuturemulti-robotdevelopment
• Toreducerunningcostsforthesetupandtherobot
• Toreducethegapfromsimulationtoreality
• Toeasethestudyofnewdevelopmentsforthetrackandtheplatformandrulesetimprovement
• TotrytomakeimprovementsinthescientificareaofMobileRoboticsandAutonomousDriving.

To accomplish these goals a 3D simulator respecting the Portuguese Autonomous Driving
Competitionwasdesignedandevaluated.

Theremainderof thispaper isorganizedasfollows: inSectionIIall thestepsandmethods
followedinthedesigningofsimulatorarelaidout;SectionIIIdisplaystheresultsoftheevaluation
made to the simulator;Section IVdrawsconclusions from theobtaineddata; finally,SectionV
presentsproposalstoimproveitinfuturework.

MeTHODOLOGIeS

Allthetasksrangingfromthedevelopmentoftherobotmodeltilltheconstructionofthesimulation
worldrepresentingtheautonomousdrivingcompetitionarepresentedinthissection.Thesimulation
wasbasedona3Dmodelrepresentingarealrobot,Figure3aandFigure3b,andtheworldwhere
therobotwillmoveon.

Thedevelopmentspresentedfollowacommonlywellacceptedtrailofdesigninga3Dsimulatorfor
theactivetracksetupandtherobotusingacommonuse3Dsimulator.Recentroboticsmostfrequently
takeadvantageofROSasaroboticmiddlewareforstandardcommunications(forexampleinsidea
robot)andthusnaturallypromotehealthyarchitecture,separationofissuesandcodereuse.Beyond
standardcommunications,ROSalsoallowssomedegreeofhardwareabstractionandthatinturn,
makesindifferenthardwareorsimulation(orevenpartialhardware,examplehardwareintheloop).

TheGazeboplatformistheonlytotallyfree,opensource,generalist3Dsimulatorwithphysics
engineintheROSnormaldistribution(indigoversion).Thissoftwareisthusthenaturalsolution,still
leavingroomforfuturedevelopments.Thedrawbackofthisplatform(andmanyother3Dsimulators)
isthattheyrequireheavy3Dworkload.

Designing the Robot Model
The robot model was improved and all the parts (wheels, chassis, cameras, castor-wheel) were
designedusingaCADsoftware(Computer-AidedDesign).Then,itwasexportedto.stlfilesthatare
importedtotheGazebosimulatorusinga.sdffile.SDFisaXMLformatthatdescribesobjectsand
environmentsforrobotsimulators,visualization,andcontrol.ThistypeoffileisparticulartoGazebo
andcannotbeusedinothersimulator.Theadvantageofdesigningalltherobotpartsusinga3D
modellingsoftwareisthepossibleportability;thesepartscanbeusedinothersimulationsoftware.
Forinstance,thesepartscanbeexportedtoan.urdffile,UnifiedRobotDescriptionFormat,which
isanXMLformatforrepresentingarobotmodels.

Thisrobotusesadifferentialsteeringlocomotionsystem,inwhichitsmovementchangesby
varyingtherelativerateofrotationofitswheels.Acastorwheelplacedattheendoftherobotis
neededinordertobalancethestructure.Anotherimprovementonthisworkwasthemodellingofa
castorwheel,insteadofusingaspheretobalancetherobot.Althoughitisavalidsimplification,it
doesn’trepresentsomeofthetraitspresentinarealcasterwheel,suchaserrorsderivedfromabrupt
directionchangesfromthemovementoftherobot.

Afterdesigningtheparts,thenexttaskisthelinkagebetweenthem.Thisstepwasaccomplished
usingthe.sdffile.Thesecondstepwastoconnectthewheelsandmotorsandlinkthemintothe
chassis,inwhichaplugincalledlibgazebo_ros_diff_drivewasusedandtheconnectiontoROSwas
madeusingalibrarycalledlibgazebo_ros_diff_drive.so.Thislinkageisveryimportant,allowing
thecontrolof themotionof therobotbyusingastandardmessagetypenamedgeometry_msgs/
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TwistfromROS,thuspublishingintothevelocitytopicgivenfromGazebo.Thenextstepwasthe
integrationofthecameras.Asreferredbefore,therobotrunsonatrackwithlanes(thatrequireto
betracked)andneedstoidentifysemaphores.Inordertocompleteboth,threecamerasareinstalled
ontherobot.Thefirsttwoarepointedtothegroundtodetectthetrackandthelastoneispointed
up,todetectthesemaphores.Thereasontousetwocameraspointeddowninsteadofoneisdue
thefactthatusingonlyoneisnotpossibletoseetheentiretyofthetrack.Thesecamerasareadded
totherobotmodelbyusingsensortagoftypecamera.Onceagain,toconnectthecameratoROS
apluginisneeded.Thepluginusedwaslibgazebo_ros_camera.Usingthispluginitispossibleto
definecameraframerate,resolution,intrinsiccameraparameters,andthetopicinwhichthecamera
willpublishthecapturedimage.

Designing the Robot world
Afterdesigningtherobotmodel,thenextstageisbuildingtheworldwheretherobotisgoingto
move.Theworldcreatedisarepresentationofthe2015PortugueseAutonomousDrivingCompetition
trackheldinVilaReal.Thetrackwasmadebyimportinga.pngimage,alsoaddingtwomonitorsto
displaythesemaphores.ThesesemaphoresuseanotherpluginfromROScalledlibgazebo_ros_video
andanadditionalnodewasmadetocontrolthedisplaysonthesimulator.Thecompetitionworld
builtispresentedinFigure4.

ThetrackshowninFigure4wasbuilt inflatground,withwell-definedlightingconditions.
However,withtheGazebosimulator,itispossibletodefinevariousscenarios,withdifferentlighting
conditions(e.g.:byaddingspotlights,orchanginglightingparameters)orevenmodelthetrackwith
unevenground.

TocontrolthesemaphoresaROSnodewascreated.Thisnodedisplaysasimplemenuallowing
fortheusertochangethesemaphoretoexhibitinrunningtime.

Figure 3. Autonomous Driving Robot - Picture on the left real robot “Conde”, on the right the robot model
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System Architecture
Asmentionedbefore, all applicationswerebuilt usingROS.Theuseof thismiddleware allows
a simple swapof connectionbetween the simulator and the real robot.EachROS-Nodecreated
correspondstoanapplication,andthecommunicationbetweennodesismadethroughtopicsusing
thepublisher-subscribertopology.

TheconnectionsbetweennodesusingROSforrealtherobotispresentedonFigure5,andon
Figure6isshowedtheconnectionsonthesimulatorarchitecture.Thefirstnoticeabledifferenceis
thenodethatcontrolsthesemaphoresonthesimulatorcalledsemaphore_controller.Thisnodeis
onlyneededonthesimulatoranditisusedtochangethesemaphoresprojectedonthemonitors.The
commonelementsaretheconde_trackingnodeonwhichrunstheapplicationvisionforthetrack
detection, the conde_semaphore node responsible for the semaphore recognition algorithm, and
theconde_decisionnode,inwhichrunsastate-machineresponsibleforthedecisionstotakealong
thecompetition.Theconde_trackingandconde_semaphorenodescaneithersubscribetorealUSB
cameras,conde_tracking_left,conde_tracking_rightandconde_semaphoreorthesimulatedones,
fromthegazebonode.Thecommunicationwiththeconde_decisionnodeismadebysendingthe
measureddistanceandangle,crosswalkdetectionandthesemaphoreinformation.Thenadecision
istaken,andamessageissenttotheconde_controlnode.Thismessagecompliestheactualdistance
andangle,thedistanceandanglereferencestofollowandthelinearvelocityonwhichtherobotwill
move.Takingthisdata,theconde_controlnodedoessomecomputationandcalculatesthevelocitiesto
applyoneachwheel.Thiscallismadebypublishingthevelocity,oneachwheeloftherobotthrough
thetopic/cmd_vel.Inthecaseoftherealrobotthisinformationgoestherealdrives,otherwisegoes
tothesimulatedrobotgazebo.

Usingthesepackages,thestudentscanprogramandtesttheirownapplicationswithoutworrying
aboutthesystem’scommunicationanditsrelatedconfigurationorwhatkindofinformationisneeded
totransmitbetweenapplications.Thenodesthatcanbeeditedbyuniversitystudents inorder to
programtheirownapplicationsareconde_trackingnode,conde_semaphorenode,conde_decision
nodeandconde_controlnode.Thecodingofthesetasksintroducessomeimportantareaslikemotion
controlandimageprocessingthatareveryusefulwhendesigningrealroboticsapplications.

Figure 4. Representation of the autonomous driving competition track with semaphore panels
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Thegazebonodeandthegazebo_clientrefertothesimulationworldwheretherobotmoves.

System Requirements
Torunthesimulatoronthestudent’scomputertherearesomerequirementstohaveintoaccount:

1. Operatingsystem–Ubuntu14.04.02;
2. ROS:

a. ROSdistro:indigo;
b. ROSversion:1.11.16

3. Gazeboversion:2.2.3

Therearetheminimalrequirementstorunthesimulator.Alltheplatformsusedarefreeand
opensource.

ReSULTS

This section presents the results obtained from the evaluation of the simulator. Four tests were
performed: thefirst twoarerelatedto thelocomotionsystem,while thesecondsetof testswere

Figure 5. ROS architecture for the real robot

Figure 6. ROS architecture for the simulated robot
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performedbytestingtheimagerecognitionprogramwithrealsemaphoredatasetandalsobytesting
theFieldOfView(FOV)oftherealcamerasandthesimulatedcameras.Thefirstlocomotiontest
wasperformedbytakingtherealrobotandatestcodethatputstherobotmovingstraightforward
givenadistancereferenceandbymeasuringwhatwastherealtravelleddistancemadebytherobot.
This testwasmadeontherealrobotandthesimulatorusingthesametestcode.Theresultsare
showedinTable1.

ObservingTable1makesclearthattheprecisionoftheobtainedresultsareclosetothereal
ones,withthemaximumrelativeerrorvalueinthesimulationof4.65%.

Thesecondtesttothelocomotionsystemwasthesquaretest.Theobjectiveistoputthereal
robotandthesimulatedonemovingonthefloor,withthepathformingasquare,andmeasurethe
translationerror.ThiserroriscalculatedastheEuclideanerror(offset)betweenthestartingpoint
andthefinishingpoint.Thistestwasrepeatedfourtimesattwodifferentlinearvelocities,0.3m/s
and0.5m/s,andwithanangularvelocityof1rad/s.

Theresultsshowthatthemodulationforthelocomotionsystemonthesimulatorisbetweenthe
expectedvaluesandtheparametersarewelladjusted.ThefirstcolumnofTable2presentsthelinear
velocitiesusedwhentherobotismovingstraightforward(theedgesofthesquare),thesecondcolumn
showstheangularvelocitiesusedtomaketherobotturn(thevertices)inordertoformasquare,and
thelastcolumnexposesthetranslationerrorinmetersbetweentherealrobotandthesimulatedone.
Thetranslationerrorsobtainedderivefromtherealrobotmotorcontrollerandsomenonlinearities
inrealworldwhicharenotincludedinthesimulation.

Regardingthevisionsystem,thefirsttesttothecameraswasperformedbyrunningthedeveloped
algorithmwitharealsemaphoredataset,analyzingthepercentageofcorrectlyclassifiedsemaphores,
asshowninFigure7.Thedatasetusedisconstitutedby186semaphoreparkimages,111forthestop

Table 1. Odometry results for the real robot and the simulated robot

Odometry Results

Real Robot 
Measures (m)

Simulated Robot 
Measures (m)

Real Robot 
Average Absolute 

Error (%)

Simulated Robot 
Average Absolute 

Error (%)

Average Relative 
Error Simulator vs 

Reality (%)

1meter
tests

1.097 1.150 10.14 15.26 4.65

1.103 1.153

1.107 1.153

1.102 1.154

1.098 1.153

2meter
tests

2.085 2.153 4.44 7.68 3.10

2.095 2.154

2.085 2.154

2.084 2.154

2.095 2.153

3meter
tests

3.060 3.152 2.28 5.11 2.76

3.055 3.155

3.063 3.153

3.080 3.154

3.085 3.152
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semaphore,141goforwardsemaphore,104fortheleftsemaphore,and158fortherightsemaphore,
addingalltothetotalof700testimages.

The results showed a good performance using the developed algorithm to recognize the
semaphores,withanaccuracyof99.37%.

Thefinaltesttothevisionsystemwasmeasuringthehorizontalandverticalfieldofview.The
setupusedisshowninFigure8.Thecameraisplacedinfrontofawall(inthiscase,inpointingtoa
chessboard)inadistancex,bothinrealworldandsimulator.FOVistheangle(α)whichcorresponds
tothelength2y.Themetriclength2yisproportionaltothenumberofpixelsonacapturedimage.The
errorbetweentherealcameraandthesimulatedoneiscalculatedasthedifferenceinthenumberof
horizontalpixelsbetweenthechessboardedges.VerticalFOVwastestedusingthesametechnique.
TheresultsarepresentedinTable3.

FromTable3,itisvisiblethattheFOVparameterwaswelladjustedonthesimulator.Theerror
increasestowardstheedgesduetotherealcameralensdistortion.

Table 2. Translation error for the square test

Linear Velocity [m/s] Angular Velocity [rad/s] Translation Error [m]

0.3 1 0.030

0.3 1 0.040

0.5 1 0.050

0.5 1 0.042

Figure 7. Semaphore detection results for the real and simulated robot
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CONCLUSION

In this paper, it was presented a simulator that replicates the Portuguese autonomous driving
competitionasatooltointroduce,attract,promoteenthusiasmandteachuniversitystudentsvarious
relevantthemesintheroboticsfield.ThesimulatorwasmadeusingGazeboasa3Dsimulatorand
wastestedbymodelingarealrobot,called“Conde”,thatusesadifferentialsteeringlocomotion,but

Figure 8. Setup used to measure the field of view

Table 3. Horizontal and vertical field of view results

Horizontal FOV Vertical FOV

Real Line 
Length [pixels]

Simulated Line 
Length [pixels]

Absolute Error 
[pixels]

Real Line 
Length [pixels]

Simulated Line 
Length [pixels]

Absolute Error 
[pixels]

50 51 1 25 25 0

62 61 1 58 56 2

105 102 3 62 65 3

128 129 1 76 75 1

147 144 3 91 89 2
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manyotherscanbeimplementedusingthesamesimulationworld,makingtheproposedsimulator
modular.Thedifferentsimulator’scomponentscommunicateusingtheROSframeworkthroughthe
availablegazebo_ros_pkg,makingthebuildingofasimplearchitecturepossible,whichfacilitates
theusers’codingtaskandallowsreuseofdevelopedcode.

Anevaluationofthesimulatorwasperformed,regardingtheodometryofthemodulatedrobot
andthecamerasused.Theodometryresultshaveshownanacceptableerror,giventhecontextofthis
work.Bycarefullyinspectingtheachievedresults,wecanseethatthediscrepancybetweenthereality
andthesimulationroundsthe0.05meters.Animprovementtoreducethiserrorwouldbeasimple
calibrationontherobotmodel.Thisdiscrepancywouldalsodecreasewithacorrectcalibrationof
themodulatedrobotinparameterssuchasinertiamoment,forexample.Inthechosenrobotmodel,
thedefaultvaluesfromGazebowereused.Regardingthetestofthecamerasusedintherobotmodel,
itwasperformedby(i)runningasemaphorerecognitionalgorithmwitharealsemaphoredataset
andanalyzingthepercentageofcorrectlyclassifiedsemaphoresand(ii)bymeasuringtheFOVboth
inrealrobotandsimulation.Theresultsachievedhaveshownthattheimplementedalgorithmare
precise,withanaccuracyof99.37%regardingthedatasetused,andanaverageerrorof1.8pixels
regardingthehorizontalFOVmeasuresand1.6pixelsontheverticalFOV.Fromthisevaluation,
itcanbeconcludedthatthissimulatorisversatileandrealisticenoughinthiscontext,allowingthe
possibilityofmulti-robotdevelopment in thefuture,whilealsoreducingthegapbetweenreality
andsimulation.Thismodularityisakeyfeatureoftheproposedsimulator,simplifyingthetaskof
importingexistingrobotmodelsintothesimulatedworld.TheusageoftheROSframeworkallows
thecode-maintenancetasktobesimplerandmodular.

Themainpurposeofthisworkistousethedevelopedsimulatorina2016fifthyearcourse
andformulateanin-coursecompetitiontohelpstudentstoovercometheobstaclesthatmayappear
duringtheresolutionofautonomousdrivingchallenges.Asdemonstratedonpreviouswork,using
acompetitivemindsetwillprovidemotivationforstudentstoovercomeproblemsandimprovetheir
engineeringknowledgeandsocialskills,leadingthemtoamoreinterestinglearningprocess.

FUTURe wORK

Theproposedobjectiveof thispaperwassuccessfullyachievedandasimulatorregarding to the
PortugueseAutonomousDrivingCompetitionwascreated.Beingaworkinprogress,therearesome
improvementsthatcanbeimplemented.Theseinclude:

1. Addmorefeaturestothesimulator,likethemotioncontrolwithajoystickand/orkeypad,obstacles
todetectandavoid,objectssuchastrafficsignsandthetunnel;

2. Addanodetoevaluatetheresponseoftherobotsforagivenchallenge.Byhavingthisapplication
itwouldbepossibletoscoreandawardtherobotsperformance.

3. Formulatethein-coursecompetitiontobeheldin2016editionofIntelligentRobotics.
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