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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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