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ABSTRACT

ThearticleintroducesaneducationalandresearchprojectISEAUTO,targetedtousingself-drivingcars
tosolveurbanmobilityissues.Theprojectfocussesonthedesignanddevelopmentofanautonomous
shuttleasacollaborationbetweenacademicstaffoftheuniversity,students,andapartnercompany.
Thearticlepresentsanaccountoftheexperienceofdevelopingvehiclefromscratchinoneyearusing
astockelectricvehicle,widelyavailablesensorsandopensourcesoftware.Technicalsolutionsbased
onthelatesttrendsinautonomousmobilityareconferred,specialattentionisgiventocontroland
softwarearchitectures.Inadditiontoreachingthegoalofmakingtheshuttledriveautonomouslyby
theendofthefirstyearoftheproject,itwaspossibletocombinevarioustaskswithteachingand
awardmorethan460ECTStoparticipatingstudents.Theprojectcontinuesandacommercialversion
ofthevehicleisindevelopment.
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1. INTROdUCTION

The fast development of sensor and communication technologies together with available open
sourcesoftwaresupportingvehicleautonomyasimplementationsofrecentresultsinAIresearchhas
givenrisetoawaveofnewautonomousvehicles(AV)beingdevelopedaroundtheworld(Burnett
etal.,2019).Thecurrentpaperpresentsanaccountofdevelopinganautonomouslastmileshuttle
within1yearstartingintheSummerof2017andthefollowupdevelopmentsduringyear2.The
generalexpectationstoautonomousvehiclesaretheabilitytocoverlongdistancesinasaferway,
i.e.decreasingtherateofaccidentsandtrafficjamswhileprovidingconvenienttransporttoever
increasingnumberofpassengers.Intheforeseeablefuturetheautonomousvehiclesareexpectedto
sharepublicroadswithvehiclesdrivenbyhumandrivers,sothesoftwareforautonomyneedstohave
agoodrepresentationofboththetrafficregulationsandbestpracticesoftraffic.Therearemorethan
10trillionautomobilekilometersdriveneachyearworldwide,withcomplexandnovelconditions
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generatingmillionsofsituationsinwhichAVcouldfail(Dailyetal.,2017).Thecontrolsoftware
ofanautonomousvehicleneedstotakeintoaccountroadmarkings,trafficsignsandlights,other
vehicles,pedestrians,cyclistsandotherformsoftransportontheroad,whilebeingabletocopewith
missinginformation,i.e.damagedroadmarkingsandbeingabletocopeincongestions.Autonomous
drivingtechnologyhasalreadyprominentlyreducedtheaccidentscausedbyhumanerrororchoice
suchasimpaireddriving,distraction,andspeedingorillegalmaneuverswhichcaused94percentof
crashesintheUSin2017(AutomatedVehicles3.0PreparingfortheFutureofTransportationUS
DepartmentofTransportation,2018).Therearestillmanychallengesinsolvingautonomousdriving
ingeneralbecauseofthelargenumberofedgecasesandsmallpermissibleerrormarginsinthereal
world,butthereareactiveeffortstocollectrelevantdataandusethattowardssolvingtheremaining
problems (Fridmanet al., 2019). In addition, the autonomousvehicles shouldbe able tohandle
adversedrivingconditions,suchasrain,wetandicyroads(dependingonthegeographiclocation),the
controlalgorithmmustbeabletorecognizeroadswithinatolerablemarginoferror,usingmeasuring
instruments,suchascameras,lidarsassistedbyinertialmeasurementsandGNSS.Theautonomous
vehiclesoftwareisexpectedtomakequickdecisionsbasedonincompleteinformationinsituations
notnecessarilyforeseenatthetimeofdevelopment(Goodall,2016).

Inordertobeabletodevelopsoftwarethatisabletosupportautonomyitisimportanttobeable
totestitinawidevarietyofsituations.AnimportantstepinthatdirectionwastakeninGermanyin
2017(Dailyetal.,2017),whenGermanlegislatorsdefinedthelegalframeworkforallowingself-
drivingvehiclesonpublicroads,aslongasahumandriverisatthecontrolstotakeoverincritical
situations.SimilarlawsareappliedintheUS(CaliforniaandNevada)(Greenblatt,2016)andmany
othercountries.Estoniahasallowedthetestingofself-drivingcarsonpublicroadsalsoin2017by
allowinganAVintothetrafficforalimitedtestingperiodaftercompletingasimplepermitapplication
procedure (Estonian Road Administration, 2017). China laid out national guidelines for testing
self-drivingcarsinApril2018whenBeijing,Chongqing,Shenzhen,andGuangzhou,inaddition
toShanghaiopenedtheircityroadstoAVtesting.Trafficcanbeasunpredictableastheweather
andbeingabletorespondtobothmeansnavigatingcountlessscenarios.Tofullytestallpossible
scenariosintherealworldbysimplydrivingaroundisimpossibleandachievingasignificantcoverage
ofdifferentsituationsmaywelltakemillionsofkilometers.Therefore,computersimulationsand
mathematicalmodelingneedtobeincorporatedintothedevelopmentloop(Coelinghetal.,2018).

Thecurrentpaperdescribesaprojectwhereaselfdrivinglastmileautonomousshuttlecalled
ISEAUTO was developed. The project took place at the Tallinn University of Technology in
cooperation with an Estonian automotive company Silberauto Estonia. The autonomous shuttle
ISEAUTOisaresearchandeducationalplatformtargetedtowardsthedesignanddevelopmentof
self-drivingvehiclesincooperationwithaprivatecompany,universityresearchersandstudents.

Thecurrentpaperisanextendedandupdatedversionoftheconferencepublication(Selletal.,2018).

2. SIMILAR PROJECTS

Thecomputerisationofdrivingcanbetracedbacktothe1970s,withtheintroductionofelectronic
anti-lockbrakes.Todaymoreadvancedfeatureslikeautomatedsteering,accelerationandemergency
braking are emerging every year. (Goodall, 2016). There are a huge number of automotive and
technologycompaniesworldwideworkingonself-drivingcarprojects,suchase.g.Volkswagen,
BMW,HyundaiMotors,Audi,Ford,GeneralMotors,Honda,Mercedes,Nissan,NVidia,Tesla,
Toyota,etc.Itisinterestingtonotethatlargetechnologycompanies,includingGoogle,Apple,and
Uber,areseekingtobecomekeyplayersinthismarketeventhoughtheirhistoryisnotdirectlytied
totheproductionofcars(Montgomery,2015).

SeveralAsiancountriesaremakingsignificantcontributionstothefield:inJapan,automakers
areworkingtogethertomakeself-drivingcarsarealityintimeforthe2020TokyoOlympics(Daily
etal.,2017).TataandMahindrainIndia,whichisoneofthelargermarkets,aremakingprogressin
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developingmarket-viableautomateddrivingtechnologiesthatarerelevanttolocalconditions,with
initialdeploymentsandexpansioninfarmingandminingapplications.InEurope,severalsignificant
autonomousvehicleresearchefforts,suchasEurekaPROMETHEUSProject(1987–1995)(Daily
etal.,2017),havebeenunderwaysincethe1980swhichlaidthefoundationsfortheautonomous
vehicletechnology.IntheUS,accordingtotheSocietyofAutomotiveEngineers(SAE),autonomy
level2systems(thatis,partialautomationwherehumansarestillresponsible)areavailablefroma
numberofautomotivemanufacturers,e.g.TeslaAutopilot,VolvoPilotAssist,Mercedes-BenzDrive
Pilot,CadillacSuperCruise.

Therapiddevelopmentofaffordablehigh-qualitysensorsintheoptical,radarandLiDAR(light
detectionandranging)domainshas,withthehelpofavarietyofalgorithmsincludingofdeepneural
nets,torecognizeobjectswithimproveddetectionaccuracyandfewerfalse-positives(Dailyetal.,
2017;Goodall,2016).3DimagingsystemsallowtheAVstotracktheirsurroundingsandstopin
caseotherroadusersoccurontheplannedpath.LiDARsarekeysensorsforautonomousvehicles
becausetheyprovidepreciseandrobust3Dpointcloudsacrossawiderangeofconditionsallowing
thedatatobeusedforbothlocalisationandobstacledetection.LiDARsarecomplexsensorsand
tendtoberelativelyexpensiveatthetimeofwriting,butthepriceisexpectedtodecreaseandtheir
reliability increase (Ackerman,2016).SomecompaniesaredevelopingLiDARsystems thatcan
functioninmuchsmaller,moreeasilyproducedpackages,evenonachip(forexample,Strobe,Valeo,
&Velodyne)(Dailyetal.,2017).

Table 1 presents a summary of main technical parameters and summary sensor counts of
autonomouslastmilevehiclescomparabletoISEAUTOthatwereindevelopmentwhentheIseauto
projectstarted(withtheexceptionoftheApollominibuswhichwasannouncedin2018).Thelistis
nottobeconsideredconclusivebecausenewprojectsemergefrequentlyandsensorcountstendtobe
changedaccordingtoprogressindevelopment.Mostofthereferencedprojectsareacooperationof
universities/researchinstitutionsandindustrialcompanies(2getthere-wedeliver,n.d.;EasyMile,
n.d.;MeetOlliLocalMotors,n.d.;NAVYA-AutonomousVehicles,n.d.;SeeIndia’sfirstAutonomous
vehicleinaction-NovusDrive,n.d.;WEpodprojectwebpage,n.d.).Ascanbeseenfromthedata,
mostofthelastmilevehicleshavelimitedspeed,varyingpassengercountsandrangeintheorderof
100km.TheBaiduApollo(ApolloOpenPlatform,n.d.)lastmilevehiclewasannouncedin2018,one

Table 1. Summary of technical specifications and sensor counts of autonomous last mile vehicles comparable to ISEAUTO

Name 
(Developer)

Max 
Speed 
(km/h)

Max 
Passenger 

Count

Range 
(km) GNSS Inertial 

Sensor Odometer Ultrasonic LiDAR RADAR Camera Software

Apollo
minibus
(Baidu/King
Long)

40 14 130 ✓ ✓ ✓ BaiduApollo

EZ10
(EasyMile) 45 15 80 ✓ ✓ ✓ 6 9 Custom

Olli(Local
Motors) 40 12 60 ✓ ✓ ✓ ✓ 2 IBMWatson

AI

Parkshuttle
(2GetThere) 40 22 100 ✓ ✓ ✓ 1 4 Custom

Navya 45 15 ✓ ✓ 4 4 Custom

Novusdrive
(Hi-Tech
Robotic
Systemz)

40 150 ✓ ✓ ✓ 5 1 Custom

Wepod(TU
Delft) 25 6 100 ✓ ✓ ✓ 6 9 ROSbased

Iseauto 20 6 100 ✓ ✓ ✓ ✓ 3 6 ROS/
Autoware
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yearaftertheIseautoprojectwasstarted.Iseautodataisaddedtothetableforcomparisonpurposes,
thetechnicaldetailswillbediscussedlater.Themissingcellsindicatethatappropriatedatawasnot
availableatthetimeofwritingthecurrentpaper.

3. PROJECT SCOPE

3.1. Background and Aims
TheISEAUTO(ISEAUTO–TallinnUniversityofTechnology&SilberautoAS,n.d.)projectisa
cooperationprojectbetweenindustryanduniversitywhichhasarangeofobjectivesfrombothsides
(Rassõlkinetal.,2018)aswellasaverypracticaloutcome.TheprojectstartedinJune2017,whenthe
TallinnUniversityofTechnologyandSilberautoEstoniaagreedtojointlydevelopaself-drivingcar.
Thefirstmajormilestonewasthepresentationofanautonomousself-drivingvehicletothepublicin
September2018.Thegoaloftheparticipatingcompanyinvolvedbothdevelopingdeeperknowledge
intheselfdrivingcartechnologyanddemonstratetheirskillsindevelopingandmanufacturinga
specialpurposecarbody.However,thecompanyalsowantstosupporttheengineeringeducation
andinspireyoungtalentedstudentstostudyengineeringaswellasengagenewstudentstostarttheir
engineeringstudies.Figure1depictstheinitialvisioncreatedbythedesignerofSilberautoonthe
leftandtheprototypevehicleatanearlystageofmanufacturingontheright.

Theprojecthadthefollowinginitialgoalsandobjectives:

• Companyanduniversitycontributeonanequalbasisandwillsharetheresults;
• Thedevelopedvehicleisgoingtodriveintheuniversitycampusinapre-definedroute;
• Thevehicleisfullyautonomousandcanoperateonpublicroadsundernormalweatherconditions;
• Theteamconsistsofcompanyemployees,researchersandstudents;
• Publicdemoofthevehiclewastohappenin1yearfromthestartoftheprojectatheartofthe

100thanniversarycelebrationsoftheTallinnUniversityofTechnologyinSeptember2018.

TheinitialgoalswereachievedbySeptember2018.BothSilberautoandTallinnUniversity
ofTechnologydecidedtocontinuewiththeprojectandapplyforadditionalfundingtosupport
furtherdevelopment.

3.2. Practical Project Based Study Opportunities for Students
Theprojectwasandcontinuestobeanopportunityforthestudentstoachieveprojectexperience
whilestudyingmotivatedbyresearchdoneinthefieldofengineeringeducationthatpointsoutthat
projectandproblembasedlearning(Mills&Treagust,2003),sometimesalsocategorisedasinductive

Figure 1. Initial body design (left) and the first prototype implementation (right) of ISEAUTO body
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learning (Prince & Felder, 2006), supports better metacognition and thus improves the learning
experienceofstudents.Theparticipatingstudentscanengageinsolvingpracticalproblemscovering
multipledisciplines,frommechanicalengineeringtoelectronicsandfromsoftwareengineeringto
applicationsoftherecentresearchresultsinthefieldofartificialintelligence.Duetothenatureofthe
project,skillsfromthestudentsfrommultipledepartmentsarerequired,thuswehavecontributions
from students from the departments of Computer Systems, Software Science, Electrical Power
EngineeringandMechatronics,MechanicalandIndustrialEngineering,etc.Projectwassupported
bytoolsandmethodstoensuresmoothmanagementanddevelopmentprocess.Thesystematicearly
designmethodologyproposedbyearlierresearch(Selletal.,2008)wasappliedtothemechatronic
designprocessattheearlystage(Sell&Petritsenko,2013).Severalsimulationtoolsaswellasproof
ofconceptswereappliedinmechatronicandsoftwaresolutionvalidations.

4. TECHNICAL SOLUTION

4.1. Body Construction and Technical Parameters
Thebodyofthevehiclewasdesignedanddevelopedbytheindustrialpartneroftheproject:Silberauto
Estonia.Allmoldsandpanelframeswerespecificallydesignedfortheproject.Thebodydesignis
symmetrical,meaningthatthevehiclecan,inprinciple,driveinbothdirectionswithouthavingspecific
frontandbackside.DuetotheuseofaMitsubishii-MievbasewithAckermannsteering,itiseasier
tocontrolthevehicleinthetraditionaldirection:thesteeringwheelsinfront.Thesidebarlightsare
implementedusingRGBLEDmatrixwhereallindividualLEDsareindependentlydriven.Itmeans
thatthevehiclecaneasilychangelightsfromredtowhiteonbothends.Thedirectionindicators
andothervisualelementscaneasilybeprovidedonthesamepanels.Thefinaldesignofthevehicle
togetherwithinteriorpanelsisshowninFigure2.

4.2. Control Architecture
ThearchitectureofthecarcontrolisdividedintothreemainblocksasshowninFigure3.Theupper
part is sensorics that communicates with the PC level software. In the middle, the autonomous
functionalitydecidesbasedonthesensorreadingsthespeedandtheangleofthesteeringwheel
ofthecar.Lowerpartdepictsthemission-criticalfunctionalitythattakescareofthecarcontrolby
controllingdifferentactuatorsandreadingfeedbackfromthecarCANnetwork.

Figure 2. The final design of ISEAUTO
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TheautonomyisachievedbyrunningAutoware(AutowareResearchandDevelopmentproject,
n.d.)ontopoftheRobotOperatingSystem(ROS)inaPCthatcommunicateswiththecontrollers
overadedicatedEthernetconnectiontominimizedelays.Missioncriticalcontrollersaredivided
intothreelayers-mastercontroller,slavecontrollers,andrealactuatorsandsensors.Themaintask
ofthemastercontrolleristoforwardinformationfromandtothePCwiththeminimumdelay.It
handlescommunicationwithROS,listenstodatafromtheelectricvehicle(EV)CANnetworkand
communicateswiththeslavecontrollerswithCAN1andCAN3networks.CAN1networkisdedicated
tothemission-criticaldrivecontrollerthatmanagesgearbox,brakes,handbrakes,steeringwheel
andgaspedal.CAN3networkisdedicatedtoothercontrollersthatcontrolotheractuators,interior
actuatorsand low-level sensors,e.g., theultrasonicsensorsaround thecar.Thenumberof slave
controllersmayvarydependingontheprogressofthedevelopment.Thesoftwareofallcontrollersis
basedonthereal-timeoperatingsystemFreeRTOSkernel(FreeRTOS-MarketleadingRTOS(Real
TimeOperatingSystem)forembeddedsystemswithInternetofThingsextensions,n.d.).

Themostsophisticatedlow-levelfunctionalityisintegratedintothedrivecontroller.Thereare
PIDcontrollersimplementedforaccelerationandsteeringcontrol.CoefficientsforPIDcontrollers
werechosenwiththeMATLABenvironmentsimulationsandfine-tunedduringmanyexperiments
indifferentlandscapescenarios.Otherslavecontrollershaveverysimilarhardwareandsoftware
levelconfigurationasthedrivecontroller.

Figure4describesthesoftwarearchitectureofthecontrollerlayer.Mastercontrolleractsasa
centralgatewaybetweenallnodes.AlldatamessagesbetweencontrollersandROSaredividedinto
differentprioritygroups.Thatensuresthatthemostcriticalcardrivingmessagesarealwayshandled
withthehighestpriorityandwiththesmallestdelay.MostofthedelaysarecausedbytheEVCAN
networkspeed.Forexample,somecriticalmessagesfromEVaresentwiththefrequencyof50Hz.
ROSisconfiguredtosenddrivingmessageswiththefrequencyof100Hz.Mostofthecontroller
softwarefunctionalityiscoveredwithCunitteststoensurethequalityandfunctionalityofthesoftware.

Figure 3. The architecture of the vehicle control system
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InDrivecontrollerthereareintotal5threadswithdifferentpriorities.Lowandnormalpriority
threadshavegreen,abovemediumpriorityoneshaveyellowandhighpriorityonesorangebackground.
Whenvehicleispoweredupthenallstartupchecksareexecutedinthemainthread.Alsohandbrake
andbrakepositionsarecontinuouslyupdatedinthesamethread.CarControlthreadtakescareofthe
gearsanddrivingmodestoactuallyrunthecar.StopCarthreadhasonetask,stopthecarimmediatelyin
whateverreasonitis.SendCanthreadsendsallkindofdrivingrelatedinformationtoothercontrollers
overCANnetwork.SteeringthreadcontrolsthewheelspositionusingPIDcontroller.

Mastercontrollerhastwothreads,mainthreadwithmediumpriorityandUDPSendthreadwith
normalpriority.Mainthreadsinitializesallconfigurations,startsnewUDPthreadandterminated
afterthat.CreatedUDPthreadhandlesallUDPdatathatisreceivedonethernetinterface.UDPSend
threadtakescareofsendingUDPdatatotheethernet.

Safetycontrollerisphysicallyconnectedwithdifferentdrivingrelatedwiresondrivecontroller
tophysicallymeasuresignallevelsoneverypin.Forexample,ifthebrakesorsteeringPWMsignal
isoutoflimits,safetycontrollerappliesbrakesthatstopsthecar.Itactsindependentlynomatter
whatothercontrollersaredoing.

ThecontrollerhardwareischosenfromtheSTM32ARMseriesthathaswiderangeofdifferent
types of controllers, user-friendly configuration interface and previous good experience by the
developers.STMicroelectronicsalsoprovidesspecialautomotivecontrollers thatcanbeusedfor
futuredevelopments.

4.3. High Level Software Architecture
Oneoftheintentionsoftheprojectwastokeepthedevelopmentopenandmaketheprojectaccessible
tonewdevelopersandstudents.Anopensourcesoftwareplatformiscriticalinthatrespect:themain
middlewareisROS,andsoftwarecomponentintegrationisbasedontheAutowarestack(Katoetal.,
2015).Autowareisanopen-sourcesoftwaresuiteoriginallydevelopedattheNagoyaUniversityfor
urbanautonomousdriving,currentlymaintainedbyTierIV(TierIV,n.d.).Itintegratescomponents
for3Dlocalization,3Dmapping,pathplanning,pathfollowing,vehiclecontrol(acceleration,brake,
steering),datalogging,objectandobstacledetectionetc.Thehigh-levelsoftwarearchitectureofIseauto
isgiveninFigure5.SinceTierIVapproachistouseanexternal3Dmapprovider,itwasnecessary
todevelopacustomvectormapdevelopmentsolutionbasedonGISsoftwarethatenablesustoalign
3Dpointcloudswithreferencemapsandbuildvectormapsfortheareaswhereourvehicleoperates.
Asself-drivingcarscanposeadangertohumanlife,specialattentionistargetedtothesystemand
integrationtestingofthesoftware.

Thenumberofcamerasandradarsusedchangesduringthedevelopmentbecauseitrequires
numerousexperimentstoevaluatethecontributionofvariousconfigurationsofsensorsandappropriate

Figure 4. The architecture of the embedded software performing low level communication with the car subsystems
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softwarecomponents.InitiallythemainfocuswastomakecomponentsinAutowarework,i.e.not
developnewcomponentsexceptthosespecifictotheplatformtoestablishabaselineforfunctionality
thatcanbefurtherrefined.

Currentsetupisusingoneradarinstalledtofrontmiddleofthecar.Thesparseradarpointcloud
providesawaytotrackandmonitorobjectswhenothersensorsfail,likeinthecuriouscaseofthe
CE30ClidarusedasasafetyinISEAUTO,notdetectingobjectsinitsfieldofviewundercertain
conditions.CE30Cdoesnotdetectobjectsinitsoperationalfield:theblindspotoftheVelodyne
Lidars.BoththeradarandtheCE30Chaveanopeningangleofaround120degreesandtheelevational
angleof30degrees.InourexperimentsradarisplacedundertheCE30Csafetylidar,sothatthefield
ofviewofthesensorsoverlapasmuchaspossible.Firstexperimentsshowthatforexamplethin
metallicposts,diameeterof50mm,inthemiddleoftheroad,thathavesmallcrosssections,which
translatesintopotentiallypoorreflectivityfortheradarandthelidar.Asaresult,theradardetects
theobject’slocationinitspathwithaccuracysimilartotheLidar.AtthedistancewheretheCE30C
shouldbeabletodetecttheobjectsitdoesnotdetecttheminitspath,whereastheradarcompensates
forthisbyreliablydetectingbothobjectsintheway.Whentheobjectsexitthelidarsfieldofview
completely,onlytheradardetectstheobjectsinitspath.

5. SAFETy

Safetyofthedevelopedsystemisofcriticalimportance.Safetyisapproachedfromtheriskanalysis
andmanagementpointofviewaswellastechnicalperspective.Thefollowingmeasuresaretaken
toaddressmajorrisks:

• Clearsoftwareprocessincludingcodereviewsandcodesigning.Theapproachhelpstomaintain
codequalityandcatchproblemsbeforetheygetexecutedontheautonomousvehicle.Theprocess
isveryimportantduringthedevelopmentphaseandalsowhendevelopingnewfeaturesand
patchestodeployedsystems;

• Accesstothevehiclecomputersystemsisrestrictedusinghardwaresecuritymodules.Inthe
IseautoprojectYubikeysareusedforcomputeraccessinthecaraswellasaccesstothecode
repositoriesandsigningcommits;

• Extensivetestingofthesoftwarebothatthelow-levelcontrollerandPClevel.Thetestingis
doneonthevehiclesaswellasintheGazebosimulator;

Figure 5. High level software architecture used on ISEAUTO
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• Continuedexperimentationwithvarioussensortypestoimproveobstacledetection.E.g.addition
ofsolidstatelidarsintothenumbers;

• Checklistbasedcultureofrunningandsettinguptheequipment.Theapproachhelpstominimize
humanerrorinrepetitivetasksthatinsomecasesneedtoperformedundertimepressure;

• Severalsafetyfeaturesincludingaseparatesafetycontrolleraredesignedatverylowlevelto
makesurethevehiclestopsifananomalyisdetected.Thesafetycontrollerwasdevelopedby
anindustrialpartnerABB;

• Thespeedofthevehicleislimited,andthevehicleisoperatinginalimitedarea.

Thefutureworkinvolvesinvolvingaremotecontrolroomthatmakesitpossibleforahuman
operatortoremotelycontrolthevehicles.Suchanarrangementrequiresthecontrolarchitectureto
bevalidatedbycybersecurityexpertsandtestedinappropriatechallenges.

6. LEARNING EXPERIENCE

Building a self-driving car is an undertaking that requires multidisciplinary collaboration from
mechanical and electrical engineers, mechatronics, electronics, computer systems and software
engineers.Thus,participatinginsuchaprojecthelpstodevelopvariousimportantskillssuchas
cross-disciplinecommunication,workingonlargeprojects,andunderstandinglargeandcomplex
legacysystems.

Overthecourseofthe2firstyearsoftheproject,therewere18studentsinvolvedinvarious
aspectsofsoftwaredevelopment,12studentsintheelectronicsandlow-levelmicrocontrollersoftware
development.Inaddition,5+studentswereinvolvedinactuallyassemblingthevehiclesandsupported
theassemblyofcomponentsmanufacturedbySilberautoAS.Ofthosestudents21receivedcredits
fortheircontributions.

Theprojectworkwasintegratedintothestudiesofstudentsintwomainways:finalthesesand
projectcourses.Forexample,inthesoftwaredevelopmentsubteam,weawarded72ECTSinthe
firsthalfyearforprojectcoursesandstudentsachieved60ECTSforprojectcoursesinthesecond
semester.Duringthefirstyear170ECTSwasawardedforMScandBScleveltheses.Duringthe
secondyear162ECTSforthesestotalling464ECTScorrespondingtotheamountofcredits4MSC
studentsareexpectedtocompletetofulfilltheirstudies.Sucharrangementenablesstudentstowork
ontheprojectformorethanonesemesterasthesoftwareiscomplexandbuildingupanunderstanding
of theprinciples requires time.While the tasks tobesolvedwereoftenhard,combiningproject
deliverableswiththesisworkprovedhelpfulinmaintainingstudentmotivation.

Theprojectcoursesaresetupas10-12ECTScourseswherestudentteamsoffourtosixare
supposed tocompletea realistic taskwithinasemester.Thefirstprojectcoursewasa10ECTS
start-upprojectcourse,wherestudentteamsareexpectedtocomeupwithanideaandimplementa
minimalviableproduct.Oneoftheteamschosetheself-drivingcarprojectwithagoaltomakethe
self-drivingcardriveautonomouslyintheGazebosimulatorcloselyintegratedwithROS.Inthat
process, thestudentsdiscoveredthat thevectormapsareessential toenableautonomousdriving
andthatthevectormapcreationtoolsarenotavailableinAutoware.Asaresult, theydeveloped
aprototypevectormapcreationtool,basedonawidelyusedGISsoftwareArcGIS.Inthesecond
project,thestudentsweresupposedtocarryoutapredefinedsoftwaredevelopmenttask.Thetask
wastomakeAutowaredrivethecar-basedplatformautonomously.

Combiningstudieswithprojectworkalsoinvolveschallenges.MScthesesareexpectedtocontain
asubstantialresearchcomponent.Ontheotherhand,makinganexistingpieceofsoftware,e.g.some
packageofAutoware,work,doesnottypicallycontainenoughresearchtoconstituteanMSctheses,
whilestillrequiringextensiveamountsoftimeespeciallyforpeoplewithlittlebackgroundinROS.
Thusthethesistopicshadtobemademoregeneralandmostlyinvolvedsomeempiricalexperiments
toevaluatetheoutcomes.



International Journal of Artificial Intelligence and Machine Learning
Volume 10 • Issue 1 • January-June 2020

27

7. RESULTS

Oneofthekeyresultsoftheprojectisthedetailedexperiencereportinhowcreateanautonomouslast
mileshuttlefromanexistingelectriccarplatform.Initialobjectivesoftheprojectweretodevelopthe
competence,boththatoftheacademicstaffandstudents.andtoofferpracticalstudyexperiencefor
studentsfromdifferentfaculties.Theseobjectiveswerefulfilled.Asapracticalresultacompletely
newautonomouslastmileshuttleplatformwasdevelopedandmanufactured.Themostimportant
traitsoftheprojectandresultingplatformarethefollowing:

• Softwaresolutionbasedonopen-sourcesoftware;
• Bodydesignoptimisedforstraightforwardmanufacturing;
• Modularvehicledesign;
• Experimentallyvalidatedsensorsetup.

Thevehiclehasamodularstructure,enablingstraightforwardmanufacturing.Itcanbeequipped
withdifferentsensors,basedonresearchrequirements,e.g.radarresearchorrequirementsdriven
bytheusecase,e.g.communityshuttleinFloridaorurbanlast-milesolutioninaNordiccountry.
Differentusecasesrequirethesensorsetuptobevalidatedwithrespecttotheoperatingenvironment.

Theautonomousshuttleplatform-ISEAUTOhasbeengiventotheresearchesofhuman-machine
languageandthegeneralperceptionofself-drivingvehiclesamongdifferentgroupsofpeople.The
initialresearchwasfocusingonthefollowingquestions:1)Whataretheattitudesofpeopletowards
thegeneralsafetyofautonomousdrivingtechnology?2)Howdopeoplefeelabouttheinteraction
withdriverlessvehiclesontheuniversitycampus?3)Howcouldthecommunicationbetweenthe
autonomousvehicleandhumansbemadeuniversal?Theresearchwascarriedoutinearly2019and
findingsareintheprocessofbeingpublishedseparately.

Oneoftheresultsoftheprojectisfocussedonthepotentialcommercialapplication.Inaddition
totheresearchplatformacommercialprototypewasmanufacturedandinitialtestsperformed.Since
thesecondquarterof2019twoparallelAVshuttleplatformsexist: theresearchandeducational
versionandcommercialversion.Thelatteroneistargetedtobeastreetlegallow-costautonomous
shuttleforpilotroutesindifferentcitiesaroundworld.Firstpilotisscheduledtolate2019inTallinn
andsecondonetoearly2020inFlorida,US.Bothvehiclesside-by-sidearepresentedinFigure6.

8. FUTURE wORK

Futurework is focussedon theapplicationsof the Iseautoplatformwithin thecontextofSmart
Cities.TheIseautoprojecthastodatesuccessfullyparticipatedintwoofthethreephasesofthepre
productionprocurementprocessofthePre-CommercialProcurementofFutureAutonomousBus
UrbanLevelOperationSystems(FABULOS)thatissupportedbytheEuropeanUnion’sHorizon
2020researchandinnovationprogrammeundergrantagreementNo780371(Fabulos,2018).In
combinationwithFinEstTwinsH2020SmartCityprojectnewchallengesaredefinedandwillbe
activelyexperimentedandtestedinthenearfuture.Inparticular,thefollowingactivitiesareeither
startedorwillstartinthefollowingmonths:

• Human - AV interface (HAVI):ExperimentswithpedestriansandlanguageofdrivingforAVshuttles;
• Control room:RemotemonitoringandremotecontroloftheAVfleets.Experimentsarestarted

toexploit5Gnetwork;
• Fleet management:Fleetmanagement softwaredevelopmentand integrationwithdifferent

manufacturersAVshuttles;
• ROS2:Upgrading thesoftwareplatformandmoving toROS2basedsolution(Autoware

onROS2,n.d.);
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• Optimize:Thecomputationalhardwarerequirements(Katoetal.2018);
• Testing and certification:RealpilotsarescheduledonthestreetsofTallinnaswellascertification

processtoacquirepermissionfordrivinginpublicroads;
• Automotive grade low level controllers:Replaceexistinglow-levelhardwarewithautomotive

levelmicrocontrollersandcomponentsforincreasedreliabilityandsafety;
• Perform extensive security testing:Forthecomputersystembeforemakingitavailablefor

thegeneralpublic.

Connectedvehicleshavemanychallengestosolve, includingbutnot limitedto, lowlatency
communication,standardization,cloudandedgecomputing,trafficmanagement,etc.Inthisarea
newexperimentsarescheduledtotheendof2019whereV2Vcommunicationbetweenautonomous
shuttleanddeliveryrobotwillbestudied.

9. CONCLUSION

Autonomousdrivingiscurrentlyinveryactivedevelopmentatmostofthecarmanufacturesand
manytechnologycompanieslikeGoogle,Apple,Uber,Lyft,Baidu,etc.Thereisagrowingdemand
forlastmilevehicleswithSAELevel4autonomy,buttheexpectednumberstobeproducedare
significantlylowerthanforgeneralpassengervehiclesequippedwithautonomouscapabilities.In
theIseautoprojectithasbeendemonstratedthatevenforasmallcompanywhospecializesinvehicle
technology,itispossibletosuccessfullydevelopaselfdrivingprototypeincollaborationwithlocal
academia.Inaddition,ithasbeendemonstratedthatdevelopinganautonomousvehicleisaproject
thatlendsitselfwellforstudentstofulfillsignificantpartsoftheircurriculuminthecontextofproject
basedlearning.Inaddition,within18monthsfromthebeginningoftheprojectitwaspossibleto
qualifyforphase1and2(of3)ofthepre-procurementforautonomousvehiclesintheEuropeanUnion
supportedFabulosproject(Fabulos,2018).Thustheprojecthasledtoestablishinganexperimental
baseforfutureresearchanddevelopmentofautonomywithintheregionthatprovidesvaluabledata
andchallengesusefulbothineducationandresearch.
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