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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



International Journal of Data Warehousing and Mining
Volume 16 • Issue 1 • January-March 2020

23

(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



 

 

15 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/mining-partners-in-trajectories/243412

Related Content

Boat Detection in Marina Using Time-Delay Analysis and Deep Learning
Romane Scherrer, Erwan Aulnette, Thomas Quiniou, Joël Kasarherou, Pierre

Kolband Nazha Selmaoui-Folcher (2022). International Journal of Data Warehousing

and Mining (pp. 1-16).

www.irma-international.org/article/boat-detection-in-marina-using-time-delay-analysis-and-deep-

learning/298006

A State-of-the-Art in Spatio-Temporal Data Warehousing, OLAP and Mining
Leticia Gómez, Bart Kuijpers, Bart Moelansand Alejandro Vaisman (2011).

Integrations of Data Warehousing, Data Mining and Database Technologies:

Innovative Approaches  (pp. 200-236).

www.irma-international.org/chapter/state-ofa-art-spatio-temporal/53077

Mining Integrated Sequential Patterns From Multiple Databases
Christie I. Ezeife, Vignesh Aravindanand Ritu Chaturvedi (2020). International Journal

of Data Warehousing and Mining (pp. 1-21).

www.irma-international.org/article/mining-integrated-sequential-patterns-from-multiple-

databases/243411

Web Mining System for Mobile-Phone Marketing
Miao-Ling Wangand Hsiao-Fan Wang (2009). Handbook of Research on Text and

Web Mining Technologies (pp. 807-823).

www.irma-international.org/chapter/web-mining-system-mobile-phone/21759

Mining and Analysis of the Traffic Information Situation in the South China

Sea Based on Satellite AIS Data
Tianyu Pu (2023). International Journal of Data Warehousing and Mining (pp. 1-25).

www.irma-international.org/article/mining-and-analysis-of-the-traffic-information-situation-in-the-

south-china-sea-based-on-satellite-ais-data/332864

http://www.igi-global.com/article/mining-partners-in-trajectories/243412
http://www.igi-global.com/article/mining-partners-in-trajectories/243412
http://www.irma-international.org/article/boat-detection-in-marina-using-time-delay-analysis-and-deep-learning/298006
http://www.irma-international.org/article/boat-detection-in-marina-using-time-delay-analysis-and-deep-learning/298006
http://www.irma-international.org/chapter/state-ofa-art-spatio-temporal/53077
http://www.irma-international.org/article/mining-integrated-sequential-patterns-from-multiple-databases/243411
http://www.irma-international.org/article/mining-integrated-sequential-patterns-from-multiple-databases/243411
http://www.irma-international.org/chapter/web-mining-system-mobile-phone/21759
http://www.irma-international.org/article/mining-and-analysis-of-the-traffic-information-situation-in-the-south-china-sea-based-on-satellite-ais-data/332864
http://www.irma-international.org/article/mining-and-analysis-of-the-traffic-information-situation-in-the-south-china-sea-based-on-satellite-ais-data/332864

