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ABSTRACT

Understandingthespatialdistributionpatternsofthetimespentbypeoplebasedontheirtrippurpose
andothersocialcharacteristicsisimportantforsustainableurbantransportplanning,publicfacility
management,socio-economicdevelopment,andothertypesofpolicyplanning.Althoughpersonal
tripsurveydataincludestravelbehaviorandothersocialcharacteristics,manyarelackingindetail
regardingthespatialdistributionpatternsofindividualmovementsbasedontimespent,typically
duetoprivacyissuesanddifficultiesinconvertingnon-spatialsurveydataintoaspatialformat.In
thisarticle,geospatially-enabledpersonaltripdata(GeospatialBigData),convertedfromtraditional
paper-basedsurveydata,aresubjectedtoaspatialdataminingprocessinordertoexaminethedetailed
spatialdistributionpatternsoftimespentbythepublicbasedonvarioustrippurposesandothersocial
characteristics,usingtheTokyometropolitanareaasacasestudy.
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INTRoDUCTIoN

Traditionalpaper-basedpersonal tripsurveydata,alsoknownas traveldiaries,containavariety
ofusefulinformationregardingtravelbehavior,modeoftransportation,andtransitinformation,as
wellasothersocialcharacteristicsthatarehighlyusefulfortransportationplanners,policymakers,
andothersocio-economicplanners.Inadditiontosuchinformation,manyurbanandtransportation
planners,publicfacilitymanagers,andemergencyresponseteamsstillrequireotherspatiotemporal
datasuchastheindividualmovementofpeopleforspecifictimeintervals,actualtraveldistance
androute takenbyvarious transportationmodes,whereandhowmuchtimeisspentforvarious
trippurposes,travelvolumebyroutes,etc.Moreover,travelpatternsareshapedbybothdifferent
landscapepatternsanddifferenttrippurposes(Antipova,Wang,&Wilmot,2011;Boarnet&Crane,
2001;Fan&Khattak,2008).Therelationshipbetweentravelbehaviorandspatialcharacteristicshas
beenexaminedinseveralstudies,suchasthoseinvestigatingtheeffectsofurbanspatialstructureon
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individualbehavior(Horton&Reynolds,1971),correlationorcausalitybetweenthebuiltenvironment
and travel behavior (Handy, Cao, & Mokhtarian, 2005), the effect of spatial characteristics on
commutingdistances(Manaugh,Miranda-Moreno,&El-Geneidy,2010),thebuiltenvironmentand
networktravel(Brownstone,2008;Cao,Mokhtarian,&Handy,2009),socio-economicfactorsand
travelbehavior(Lu&Pas,1999),andtheeffectofthebuiltenvironmentontravelbehavior(Zhang,
Nasri,Hong,&Shen,2012).Althoughnumerousresearchershaveexploredtherelationshipbetween
travelandactivitylocationsonbothmacroandmicrolevels(Banister,1992;Cervero&Kockelman,
1997;Naess&Sanberg,1996;Schönfelder&Axhausen,2010),studiesexaminingthetimespent
andspacesvisitedbyindividualsfordifferentactivitiesareveryrareduetodifficultiesinconverting
non-spatialinformationintospatialinformation.

Therefore, the conversion of paper-based personal trip data into a geospatially-enabled
spatiotemporaldatasetisessentialinordertounderstandchangesintravelbehavioroverspaceand
time.Althoughinformationregardinghumanmobilitycanbeacquiredusingmobilecalldatarecorded
viawirelesscommunicationandnetworkingtechnology,suchdataarenotsufficienttomakeaccurate
spatialdecisionsindetailedtransportationplanning,publicfacilitymanagement,disastermitigation,
andemergencypreparedness, largelydue to the lackofdetailed informationwith respect to trip
purpose,modeoftransportation,gender,occupation,etc.Therefore,personaltripsurveydataarestill
requiredforgovernmentaldecision-makingpurposes.Nowadays,itispossibletoconvertpaper-based
personaltripdataintogeospatially-enabledspatiotemporalpersonaltripdatabyapplyingmodern
geospatialtechnologies.However,duetothevarietyofattributeinformationavailable(e.g.,gender,
occupation,tripnumber,sub-tripnumber,longitude,latitude,modeoftransportation,etc.)atahigh
temporalresolution(i.e.,minutescale)ingeospatially-enabledspatiotemporalpersonaltripdata,the
datasetitselfishuge,withalldatalinkedtoeachotherinaphenomenonknownasGeospatialBigData.

Moreover, the handling of Geospatial Big Data requires considerable computational power
and sophisticated spatial data-mining techniques. Spatial data-mining, which is essentially the
processofidentifyinggeographicalknowledgeorspatialdistributionpatternsfromalargeamount
of georeferenced data, plays an important role in GIS (Geographical Information System) by
enablinguserstounderstandspatialrelationshipsbetweengeographicalentitiesorfeatures,tofind
spatialdistributionpatterns,toclustersimilarities,andtopredictfutureevents.Ontheotherhand,a
properurbanplanningprocessrequiresinformationregardinghowpeopletravelbasedontheirage,
occupation,andtrippurpose,howlongtheyspendatalocationbasedontrippurpose,wheremost
peopletravel,etc.,inordertobuildanaccessiblecityandimproveurbanqualityoflife(Banister&
Bowling,2004).Inthepresentstudy,theauthorsusedgeospatially-enabledpersonaltrip(PT)datato
examinehowindividualsspendtheirtime(e.g.,ano-movementeventsuchasstayingathome,orinside
shoppingcenters,schools,etc.),basedonatrippurposecodewithstartandendlocations.Finally,
theextracteddatasetwasimportedintoaGISinordertoidentifythespatialdistributionpatternsof
timespentbyindividualsbasedontrippurposeandothersocialcharacteristics.Thepapercomprises
twomainsections.Firstly,theauthorsexplaintheappliedconversionofpaper-basedpersonaltrip
dataintoageospatially-enabledpersonaltripdataset,withdetailsprovidedregardingdatastructure
andattributeinformation;secondly,theauthorsexplainthespatialdata-miningprocessemployedto
extractdataregardingcontinuoustimespentforvarioustrippurposestogeneratethevariousmaps
thatcanbeusedinfurtherGISanalysis.

STUDy AReA

Theauthorsusedgeospatially-enabledPTdataacquiredin2008fortheTokyometropolitanarea,which
includesSaitama,Chiba,Kanagawa,and23Tokyowards.Figure1showsthestudyarea,indicating
the administrative units, transportation network, and populated places. Approximately 600,000
personaltripswereanalyzedforsingleweekdayactivitiesandmovementsrecordedeveryminute.
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