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ABSTRACT

Thisarticlepresentsastreamminingframeworktoclusterthedatastreamandmonitoritsevolution.
Eventhoughconceptdriftisexpectedtobepresentindatastreams,explicitdriftdetectionisrarely
doneinstreamclusteringalgorithms.Theproposedframeworkiscapableofexplicitconceptdrift
detectionandclusterevolutionanalysis.Conceptdriftiscausedbythechangesindatadistribution
overtime.Relationshipbetweenconceptdriftandtheoccurrenceofphysicaleventshasbeenstudied
byapplyingtheframeworkontheweatherdatastream.Experimentsledtotheconclusionthatthe
conceptdriftaccompaniedbyachange in thenumberofclusters indicatesasignificantweather
event.Thiskindofonlinemonitoringanditsresultscanbeutilizedinweatherforecastingsystems
invariousways.Weatherdatastreamsproducedbyautomaticweatherstations(AWS)areusedto
conductthisstudy.
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INTRoDUCTIoN

Withtheadvancementinhardwareandsoftwaretechnology,thenumberofapplicationsproducing
largevolumedatastreamsiseverincreasing.Thesedatastreamsbecomeusefultotheindustryand
societyonlywhenthevaluableinformationcontainedinthemisextracted.Variousdatastreammining
algorithmsareavailableforthispurpose.Capabilitytoprocessthedatainasinglescan,requirement
ofonlineandincrementalupdationofthemodels,adaptationtotheconceptchangesetc.aresome
challengeswhiledesigninglearningalgorithmsfordatastreams.Clusteringisanimportantmachine
learningtaskappliedondatastreamstogainusefulinsightsintothenaturalgroupingsindata.It
alsohelpstotrackthedevelopmentofvariousphenomenainapplicationfieldslikemeteorology,
healthcareandastrophysics(Bhatnagar,2009).

Themainadvantageofdatastreammining is that itassumes thedatasourceor theprocess
generatingthestreamisnotstationary.Accordingtothechangesintheenvironmentthatproduces
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thestream,theunderlyingdatadistributionschangeovertime.Consequently,thesechangesmight
affecttheinterrelationshipbetweeninputandoutputvariables(Gama,2014)leadingto‘Concept
Drift’ (Widmer andKubat, 1996; Gama, 2014). In these situations, the learned model becomes
obsoleteandthepredictionaccuracyreducesconsiderably.Weatherdataisaclassicexamplewhere
theconceptcanchangeovertime(WidmerandKubat,1996).Dependingontheseasons,weather
predictionrulesmightexhibitachange,i.e.,thesamerelationmightnotholdwellinalltheseasons.

Thispaperproposesaframeworkfortheonlineclusteringofdatastreams.Itperformsconcept
driftdetectionandclusterevolutionmonitoringtogenerateawarningonthedynamicchangestaking
placeintheenvironmentofthestream.Studiesrevealedthatconceptdriftaccompaniedbyclustering
structurechangesoftenimplyimportantphysicalevents.Recordingsuchinter-relationshipsbetween
theoccurrenceofconceptdriftandthecorrespondingphysicaleventsoveraperiodoftimecanhelp
thepredictionofthesephysicalphenomenabyclusteranalysis.

Theproposedframeworkhascomponentstoclusterthestreamonline,detectconceptchanges
andtracktheevolutionofclusters.Beforeperformingtheclustering,thebestvalueforthe‘number
ofclusters’,kiscomputeddynamically.Thisisdonewiththeintentiontoidentifythechangesinthe
clusteringstructurefortherecentlyarriveddata.Asthesourceofthedataishighlydynamic,the
clusteringstructurealsomightexhibitacorrespondingchangeandfixingthevalueofklimitsthe
abilitytocapturesuchchangesintheclusteringstructure.

The utility of this framework is studied by applying it on weather data. Concept drifts,
changesinthebestvalueofkandtheclusterevolutionsarebeingmonitoredtounderstandtheir
relationshipwith thephysicalweatherphenomena.Nowadaysmostof theweathermonitoring
equipmentproduceshigh-speeddatawithalargenumberofvariables.Weatherstreamproduced
bytheAutomaticWeatherStation(AWS)attheAdvancedCentreforAtmosphericRadarResearch
(ACARR)ofCochinUniversityofScienceandTechnology,Kerala,Indiaisusedforthisstudy.
Dataiscollectedatone-minuteintervalsanditcontainstheweatherparametersliketemperature,
relativehumidity,windspeed,winddirection,radiation,pressure,rainfall,etc.Monsoonsarethe
mostimportantweatherphenomenonasfarastheIndianregionisconcerned.Hencetheframework
is used to study the interrelationship between the changes in the clustering structure and the
evolutionofthesouth-westmonsoon.

Thepaperisstructuredasfollows.Section2referstothebackgroundofthiswork.Section3details
theproposedframeworkwithsubsectionsoneachcomponentoftheframework.Section4explains
theapplicationoftheproposedframeworkonweatherdata.Section5detailsabouttheexperiments
andresultsfollowedby‘discussionandfuturework’insection6.Thepaperisconcludedinsection7.

BACKGRoUND

Detecting Concept Drift in Data Stream Clustering
Conceptdriftdetectionandadaptationarestudiedmoreinthecontextofsupervisedlearning.As
(Gama,2014)statesinhissurvey,theproblemofconceptdrifthandlinghasamuchwiderscope
anditisapplicabletoclusteringproblemsaswell.Researchinthisdirectionisstillinthestarting
phase.Surveysconductedondatastreamclustering(Ghesmouneetal.,2016;Silvaetal.,2013)also
pointtothefactthatexplicitconceptdriftdetectionandadaptationarerarelydoneindatastream
clusteringalgorithms.

Insupervisedlearningproblems,conceptdriftcanbedefinedasachangeinthejointprobability
distributionP(X,Y),whereXdenotesa randomvariableovervectorsofattributevaluesandY
denotesarandomvariableoverclasslabels(Webb,2016).Butinthecaseofunsupervisedlearning,
sincetheinstancesarenotlabelled,thedefinitionofconceptdriftismodifiedasachangeinthe
probabilitydistributionP(X).Hencestatisticalmethodsofchangedetectionareusuallyusedindata
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