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ABSTRACT

Spatiotemporaldataiseverywhere,beinggatheredfromdifferentdevicessuchasEarthObservation
andGPSsatellites,sensornetworksandmobilegadgets.Spatiotemporaldatacollectedfrommoving
objectsisofparticularinterestforabroadrangeofapplications.Inthelastyears,suchapplications
havemotivatedmanypiecesofresearchonmovingobjecttrajectorydatamining.Inthisarticle,it
isproposedanefficientmethodtodiscoverpartnersinmovingobjecttrajectories.Suchamethod
identifiespairsoftrajectorieswhoseobjectsstaytogetherduringcertainperiods,basedondistancetime
seriesanalysis.Itpresentstwocasestudiesusingtheproposedalgorithm.Thisarticlealsodescribes
anRpackage,calledTrajDataMining,thatcontainsalgorithmsfortrajectorydatapreparation,such
asfiltering,compressingandclustering,aswellastheproposedmethodPartner.
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INTRoDUCTIoN

Recentadvancesonsensorsandcommunicationtechnologieshaveproducedmassivespatiotemporal
datasetsthatallowscientiststoobservetheworldinnovelways.Earthobservationsatellitescapture
changesovertimeincitiesandforests.Environmentalsensorsmeasurethevariationofairpollution,
temperatureandhumidityinspecificlocations.GPSsatellitesanddevicescollectlocationsofanimals,
vehiclesandpeopleovertime.Mobilegadgets,sensornetworks,socialmediaandGPStoolscreate
usefuldataforplanningbettercities,capturinghumaninteractionsandimprovinglifequality.

Spatiotemporaldatacollectedfrommovingobjectsisofparticularinterestforawiderangeof
applications.Movingobjectsareentitieswhosespatialpositionsorextentschangeovertime(Erwig,
Gu,Schneider,Vazirgiannisetal.,1999).Examplesofmovingobjectsarecars,aircraft,ships,mobile
phoneusers,polarbears,hurricanes,forestfires,andoilspillsonthesea.Trajectoriesarecountable
journeysassociatedtomovingobjects(Spaccapietraetal.,2008).

Nowadays,movingobject trajectorieshavebeenused inabroadrangeofapplications,such
aslocation-basedsocialnetworks,intelligenttransportationsystems,andurbancomputing(Wang,
Zheng,&Xue,2014;Zheng,2011).Theseapplicationshavemotivatedresearchonnoveldatamining
techniquestodiscoverpatternsintrajectories,attractingattentionfrommanyareasincludingcomputer
science,sociology,andgeography(Zheng,2015).TaniarandGoh(2007)proposeanapproachto
extractmovementpatternfrommobileusersthroughtransformingusermovementdatabasetolocation
movementdatabase.

Alongtheyearsmanypatternshavebeenproposedtoextractinformationfromtrajectories.These
patternsrangefromthosethattakeintoaccountsemanticallyenhancedtrajectories,suchasCB-SMoT
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(Palma,Bogorny,Kuijpers,&Alvares,2008),tothosethatanalyzetrajectoriesbasedsolelyontheir
geometries,likeConvergenceorFlock(Laube,vanKreveld,&Imfeld,2005).

ThisworkfocusesonaspecificgroupoftrajectorypatterncalledMovingTogetherPatterns
(Y.Zheng,2015).AnewapproachcalledPartnerisproposedtodiscoverobjectsthatmoveorstay
togetherduringcertainperiods,basedontrajectorydistancetimeseriesanalysis.Nextsectionpresents
relatedwork,themaindifferencesbetweentheexistingmovingtogetherpatternsandtheproposed
Partneraswellasitsmainadvantages.

ThispaperextendsthepreviousonepresentedbyMonteiroetal.(2017),bringingmoreexamples,
definitions,resultsandimplementations.ItincludesthedescriptionofanRpackageimplementedby
theauthors,calledTrajDataMining,thatcontainsalgorithmsfortrajectorydatapreparation,suchas
filtering,compressingandclustering,aswellastheproposedmethodPartner.

TRAJeCToRy PATTeRN MINING

Recently,theresearchareaontrajectorydatamininghasgrownalot.Studiesonthisareaconsistin
analyzingthemobilitypatternsofmovingobjectsandinidentifyinggroupsoftrajectoriessharing
similarpatterns.Inlastyears,manymethodsandtechniquesfortrajectorypatterndiscoveringhave
beenproposedtomeetabroadrangeofapplications.Zheng(2015)presentsasystematicsurveyon
themajorresearchintotrajectorydataminingandclassifiesexistingpatternsinfourcategories:(1)
Movingtogetherpatterns;(2)Clustering;(3)Frequentsequencepatterns;and(4)Periodicpatterns.
Thisworkfocusesonthefirstcategoryandproposeanewapproachtoidentifymovingtogetherobjects.

Examplesofpatternsthatdiscoveragroupofobjectsthatmovetogetherforacertainperiod
areflock(Gudmundsson&vanKreveld,2006;Tanaka,Vieira,&Kaster,2015;Vieira,Bakalov,
&Tsotras,2009),group(Taniar&Goh,2007;YidaWang,Lim,&Hwang,2006),convoy(Jeung,
Yiu,Zhou,Jensen,&Shen,2008),swarm(Li,Ding,Han,Kays,&Nye,2010),travelingcompanion
(Tangetal.,2012),gathering(Zheng,Zheng,Yuan,&Shang,2013;K.Zheng,Zheng,Yuan,Shang,
&Zhou,2014)andco-movement(Fan,Zhang,Wu,&Tan,2016).Movingtogetherpatternsare
usefulforahighnumberofapplications,suchasmonitoringofdeliverytrucks(Jeungetal.,2008)
andidentificationofvesselsthatfishtogether.

Theflockpatternhasattractedalotofinterestfromthecommunitywithmanystudiesbeing
publishedovertheyearsregardingthispattern.Aflockisagroupofobjectsthatstaytogetherwithin
adiskwithauser-definedradiusforatleastKconsecutivetimestamps.Vieiraetal.(2009)propose
aframeworkandpolynomial-timealgorithms,calledbasicflockevaluation(BFE),todiscoversuch
patterninstreamingspatiotemporaldata.Tanakaetal.(2015)presentvariationsoftheBFEalgorithm,
employingtheplanesweepingtechnique,binarysignaturesand/oraninvertedindex.Similartoflock,
grouppatternidentifiesmovingobjectsthattravelwithinaradiusforcertaintimestampsthatare
possiblynonconsecutive(YidaWangetal.,2006).Themaindifferencebetweenbothisthatgroup
considersrelaxationofthetimeconstraint.

AccordingtoY.Zheng(2015),amajorconcernwithflockandgrouppatternsisthepredefined
circularshape,whichmaynotwelldescribetheshapeofagroupinreality.Sincetheyuseadiskwith
rigidlimits,theymissobjectsthatareclosetoagroupbutoutsidethedisklimits.Thisdrawback
iscalledthelossy-flockproblem.Thechosendisksizehasasubstantialeffectontheresultsofthe
discoveryprocess.Theselectionofaproperdisksizeisverydifficult.Besidesthelossy-flockproblem,
forsomedatasets,nosingleappropriatediscsizemayexistthatworkswellforallpartsofthespace
andtimedomain(Jeungetal.,2008).

Theconvoypatternusesdensity-basedclusteringinordertocapturegroupsofarbitraryextents
andshapes.Insteadofusingarigidsizediskasflock,suchpatternrequiresagroupofobjectsto
bedensityconnectedduringkconsecutivetimepoints.Whilebothflockandconvoyhaveastrict
requirementonconsecutivetimeperiod,Z.Lietal.(2010)proposeamoregeneraltypeoftrajectory
pattern,calledswarm,whichcapturesthemovingobjectsthatmovewithinarbitraryshapeofclusters
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