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ABSTRACT

Thedensity,highaccuracy,andrapidcollectionofgeographicaldataforroadsurfaceandsurrounding
objectsandtheextractionofmeaningfulinformationfromthesedataincreasesitsimportanceinline
withtechnologicaldevelopments.Artificialintelligencestudiesanddevelopmentsincloudtechnology
haveaffectedtheautomotiveindustryaswellaseverysectorandhaveenabledthedevelopmentof
driverlessvehicletechnology.Inordertosafelydrivewithautonomousvehicles,highdefinitionmaps
thatcontaindetailedinformationforroadsurfaceanditssurroundingobjectswithhighprecisionat
centimeter-levelmustbeused.Inthiscontext,inrecentyears,thedevelopmentofmobilemapping
systems(MMS)consistingoflow-costsensorsandthedevelopmentofalgorithmsfortheevaluation
of thedataobtained from these systemshavebecome increasinglypopular. In this study, itwas
investigatedwhetherHDmapscanbeobtainedbyusinglow-costimagingsensors.
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INTRoDUCTIoN

Thedensely,highaccuracyandrapidcollectionofgeographicaldataforroadsurfaceandsurrounding
objectsandtheextractionofmeaningfulinformationfromthesedataincreasesitsimportanceinline
withtechnologicaldevelopments.Artificialintelligencestudiesanddevelopmentsincloudtechnology
haveaffectedtheautomotiveindustryaswellaseverysectorandhaveenabledthedevelopmentof
driverlessvehicletechnology(Figure1).Designinganddevelopmentofself-drivingvehicleshasbeen
greatinteresttoworld-renownedautomotivemanufacturers(GeneralMotors,BMW,Audi,Tesla…)
andinformationtechnologycompanies(Google,Uber,Apple…)(Sisson,2019).Toensureautonomous
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driving,thesevehiclesareequippedwithdifferentsensorssuchasradar,lidarorcamera(Ma,2017).
However,thesesensorsarenotsufficientforautonomousvehiclestodetecttheirenvironment.There
isaneedformapsdesignedtounderstandthetrafficsituationfarbeyondthereachofthesesensors
andtomakeinstantdecisionswhiledriving.Thesemapsproducedspecificallyforself-drivingcars
iscalledashigh-resolutionmaps(HDmaps).High-resolutionmaps(Figure1)arethree-dimensional
andhigh-accuracymapsthatcontainingverydetailedinformationaboutroadandsurroundingobjects
(Vardhan,2019).High-resolutionmapsmustcontainallthedetailsthatanormaldriverneedstosee
onandaroundtheroadinordertoensureareliableridesuchastrafficsignsandlamps,lanetypeand
boundaryinformation.Inaddition,thesemapscontainrichmetadatasuchasspeedlimitsandturn
restrictions(Chellapilla,2019).Inordertosafelydrivingwithautonomousvehicles,highdefinition
mapswhich containdetailed information for road surface and its surroundingobjectswithhigh
precisionatcentimeter-levelmustbeusedinsteadofcommonlyusednavigationmaps.

Inordertocreatehighresolutionmaps,3Dgeographicdatawithhighaccuracyoftheobjectsin
andaroundtheroadisrequired.Manydifferentmeasurementtechniquesareusedtoobtainthedense
pointclouddataoftheroadanditssurroundings.Thesemethodsandsystemsincludeclassicalgeodetic
methods(GPS,TotalStation),satelliteimagery,aerialandterrestrialphotogrammetrictechniquesand
lidar(air,mobileandterrestrial)systems.Eachofthesemethodsdifferswithregardtothetime,cost
andaccuracy(Gong,Zhou,Gordon,&Jalayer,2012).Someofthemethodsusedforroadinventory
mapping(air,terrestrialandmobilelidar)arecostly,moreover,considerabletechnicalknowledge
andexperienceareneededfortheprocessingandstorageofdata(Olsenetal.,2013).Mappingthe
roadsurfaceanditssurroundingswithconventionalmeasurementmethodsistimeconsumingand
costlybecauseitrequiresintensivelabor.Andalsoitisadangerousprocesswhereheavytrafficflow
occur(Findley,Cunningham,&Hummer,2011).Satelliteimagesoraerialphotographsareaffected
byalargenumberofvariablessuchasweather,lightchanges,resolution,groundcharacteristicsand
shadowofobjects.Inaddition,itisnotpossibletoidentifyroadsignsandlampsonthesidesofroad
fromtheseimages(Wang,Yang,Zhang,Whan,Cao,&Eklund,2016;Gonçalves&Pinhal,2018).

Duetothedisadvantagesoftheaforementionedsystems,theuseanddevelopmentofmobile
mappingsystem(MMS)anddevelopmentofalgorithmsfortheevaluationofthedataobtainedfrom
thesesystemshavebecomeincreasinglypopular(Li,2018).MMSenablefast,accurateandsecure
acquisitionofgeographicdataatahighlevelofdetailandconsistofpositioningdevices(GPS,IMU
andDMI)andmeasuring sensors (cameras, radarand lidar) tocollectgeographicdata (Tapken,
2018).High-densityandhigh-accuracythree-dimensional(3D)pointclouddatacanbeobtainedby
laser-based(MobileLidarSystem(MLS))MMS(Figure2a).However,thesearehighcostsystem
anddatapre-processingtimesareverylong(Li,2018).

Inthiscontext,thedevelopmentofMMSusinglow-costimagingsensors(actioncamera,mobile
phone)andtheuseofthesesystemsformappingofroadanditsenvironmenthasbecomeanimportant
researchtopicthathasincreaseditspopularity(Koehl,Delacourt,&Boutry2016;Gonçalves&Pinhal,
2018).Sinceimagedataobtainedwithimage-basedmobilemappingsystems(Figure2b)provide
importantinformationsuchascolorandtexture,thissystemisstartingtousingroaddetectionand
extractionstudies(Guan,Li,Cao,&Yu2016;Marinelli,Bassani,Piras,&Lingua,2017).Especially

Figure 1. Examples of high-resolution maps (Kent, 2015) and driverless vehicles (Knight, 2016)
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