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ABSTRACT

Therateofroadaccidentfatalitiesdependsonmanyfactorsincludingvehicle,roadway,environmental
anddrivercharacteristics.Thisresearchaimsatreducingaccidentsusingadatadrivenapproach.
RouteplanningapplicationssuchasGoogleMapsconsidershortesttimefromastartpointtoagiven
destination.However,thereareroadswithdesignissuesorhigh-riskroadsthatcanresultinfatal
accidentsandshouldbeavoided.Althoughthereareexistingaccidentriskmapstohelpdriversto
avoidsuchroads,thesemapscanbeconfusingandmustbemanuallyinterpretedbydriverstofind
thesafestpath.Themanualinterpretationofthemapisatimeconsuminganddifficulttaskwhich
resultsinignoringtheriskmapsbydrivers,duetocomplexity.Thisresearchaimsatdevelopinga
noveltooltofindthesafestroute.Theresultingsaferouteisthencomparedtothepathsuggested
byGoogleMaps.

KeywoRDS
Accident Records, Fatalities, OpenStreetMap, Routes and Routing, Shortest Path Algorithms, Traffic Safety

INTRoDUCTIoN

Despiteadvancesincartechnologyandstricterrulestoimprovemotorvehiclesafety,manypeople
stilllosetheirlivesduetoautomobileaccidents.AccordingtotheNationalVitalStatisticsReport
(NVSR)(Xu,Murphy,&Kochanek,2016)therewere35,369motorvehiclefatalitiesin2013inthe
UnitedStates,ofwhich25,048weremaleand10,321werefemale.In2013,crashdeathsresultedin
$44billioninmedicalandlostworkcosts.Texashadthehighestcost($4.89billion)andCalifornia
hadthesecondhighestcost($4.48billion)whiletheDistrictofColumbiahadthelowestcost($34
million).InthestateofMaryland, thecostofdeathswas$690million,ofwhich,$6millionwas
formedicalcostsand$684millionwasforcostsduetolossofwork(CDC,2015).Worklosscosts
areestimatesthatadeadpersonwouldhaveearnedduringhisorherlifetime.Itincludesthetotal
estimatedsalary,benefitsandvalueofhouseholdworkforanaveragepersonwith thesameage
andsexovertheremainderofhisorherlifetime(CDC,2015).TheNationalSafetyCouncil[NSC]
(2015)reported14%upwardtrendinmotorvehiclefatalitiesforJanuarythroughJune2015from
thecorrespondingperiodoftimein2014.

Consideringhowmanypeople relyon technology tonavigatewhiledriving, thereneeds to
beanapproachthatallowsadrivertochoosethesafestpathtoadestination.Researchhasshown
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thewillingnessofprofessionaldriverstotakethesafestroutes(Bie,Arem,&Igamberdiev,2010).
However,atthispoint,therearenotoolsthatexisttoallowdriverstofindthesafestroutetotheir
destination.Thispaperpresentsanovelapproachtodesignasaferouteplannerthatusesaccident
occurrencedatacombinedwithopensourceroutingsolutionstoreroutedriverstotakethesafestroute
toagivendestination.Environmentalconditionssuchasweatheranddaylightarealsoanimportant
factorinroadsafety.Withthisinmind,thesaferouteplannerallowsuserstofilterhistoricalaccident
databasedonparameterssuchasyear,month,hour,weatherconditions,lightconditions.

The resulting safe route is presented as an alternative to the path suggested by traditional
routingapproaches thatarebasedon thefastest routebyconsideringspeed limitcombinedwith
trafficcongestion.Tothebestofourknowledgetherearenostudiesaddressingsafetyofdriversby
combiningrealaccidentdatawithexistingroutingalgorithmsandopensourcemapstofindsafest
roadstoagivendestination.

Thepaperisorganizedasfollows:IntheRelatedWorksection,theauthorspresentthesummary
ofworksrelatedtothisresearch.TheMethodologysectionpresentsthedatasetusedinthisresearch,
thestepsusedtopreprocessthedataandthearchitectureofthesaferoutingplanner.TheResults
sectionpresentstheobservationandevaluationofthenewframeworkwheretheresultofthenew
routingmethodiscomparedwiththefastestrouterecommendedbyGoogleMaps.

Themaincontributionsofthispaperareasfollows:

• Theauthorsproposeanovelapproachtodesignasaferouteplannerthatincorporatesrealcrash
dataandastateoftheartroutingalgorithmtofindthesafestpathtoagivendestination;

• Theproposedsystemallowsdriverstointeractivelyfindthesafestroutebyfilteringhistorical
crashdataalongwithenvironmentalconditionssuchasdaylightandweather;

• Theauthorsvalidateandcompare the resultsof the safe routeplannerwithdirections from
GoogleMaps;

• Theauthorsidentifiedthedeadliestroadsectionwith24motorvehiclefatalitiesinMaryland
andWashingtonDCusingtheproposedsystem.Thesaferouteplannersuggestedanalternative
pathtoavoidthehighriskofaccidents.

ReLATeD woRK

Thissectionpresentsexistingresearchthatisrelatedtothesaferouteplanner.Thisincludesresearch
onreducingautomobilefatalities,existingresearchonroadassessment,anddynamictrafficrouting.

Research on Reducing Automobile Fatalities
Therateofroadaccidentfatalitiesdependsonmanyfactorsincludingdistractions,speed,driving
behavior,roadconditions,andweather.Therehasbeenalotofresearchtoreducethefatalityrate.In
particular,anumberofpapersstudiedtherelationshipbetweendriverdistractionandmotorvehicle
fatalities (Tseng, 2005; Wilson & Stimpson, 2010; Young & Regan, 2007). Solomon, Nguyen,
Liebowitz,andAgresti(2006)evaluatedtheeffectivenessofredlightcamerasandfoundthatdata
miningcanbeusedtoidentifypatternsandrulestoreducefatalities.ElectronicStabilityControl
(ESC)hasalsobeenevaluatedandrecommendedforuseinreducingroadfatalityrates(Lie,Tingvall,
Krafft,&Kullgren,2006;Farmer,2004).AstudyconductedbyCrandall,Olson,andSklar(2001)on
head-onpassengercarcollisionsintheU.S.confirmstheeffectofairbagandseatbeltsinreducing
fatalities.QiuandNixon(2008)performedasystematicreviewandmeta-analysisofstudiesfrom
1967to2005toevaluatetheeffectofadverseweatheronvehiclecrashrates.Moreover,therearea
numberoftoolsavailabletogenerateaheatmapoftheaccidentstoidentifyhighriskareastohelp
driverstobeawareoftheroadrisks(Hiltonetal.,2009;Packetal.,2009).
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