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ABSTRACT

TherecentadventofInternetofThings(IoT),hasgivenrisetoaplethoraofsmartverticals-smart
homesbeingoneofthem.SmartHomeisaclassicexampleofIoT,whereinsmartappliancesconnected
viahomegatewaysconstitutealocalhomenetworktoassistpeopleinactivitiesofdailylife.Smart
Home involves IoT-basedautomation (suchas smart lighting,heating, surveillance etc.), remote
monitoring and control of smart appliances. Besides automation, human-in-the-loop is a unique
characteristic of Smart home to offer personalized services. Understanding the human behavior
requirescontextprocessing.Thus,enablementofSmarthomeinvolvestwoprominenttechnologies
IoTandcontext-awarecomputing.Further,localdeviceslyinginthesmarthomehavetheimplicit
locationandsituationalinformation,hencefogcomputingcanofferreal-timesmarthomeservices.
Inthispaper,theauthorsproposeICON(IoT-basedCONtext-aware)frameworkforcontext-aware
IoTapplicationssuchassmarthome,furtherICONleveragesfog-basedIoTmiddlewaretoperform
context-awareprocessing.
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1. INTRODUCTION

TheconceptofSmarthomeaptlyjustifiesthepopularthoughtby(Weiser,1999)abouttechnology
becominganintegralandindistinguishablepartofeverydaylife.Makingeverydaylifeeasierwiththe
helpoftechnologydatesbackwithnotableworksinembeddedelectronicse.g.washingmachines,
ovens,dishwashersetc.,followedbyinnovationsinwirelesssensornetworks(WSN)e.g.senorbased
things-taps,doorsetc.,whichinpresenttimeisbeingendowedbytheupcomingtechnologyInternet
ofThings(IoT).InIoT,sensorbasedeverydaydevicescommunicatewiththecomputingplatforms
(Fogcomputing,CloudComputingplatforms)forprocessingtherawsensordatatotakewiseand
smartactionsAtzori(2010)andGubbi(2013).ThedistinctfeatureofIoTwhichdifferentiatesitfrom
itsprecursortechnologies,istheuseofamiddlewaretosupportprocessingandlong-termanalysis
ofsensorbigdatastreamtotakewiseactions.

TheIoTmiddleware(computinginfrastructuretoenableIoTdatastorage,processingandanalysis)
canbecloudbasedGubbietal.(2013)orfogcomputingbasedBonomietal.(2012),Dastjerdiet
al.(2016).PerthecloudbasedIoTmiddleware,theCloudplatformoffersitsIaaS,PaaSandSaaS
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servicestoperformdatastorage,processingandanalysisforIoTapplications,andaftertheanalysis
meaningfulresultsoractionsarecarriedbacktotheuseroractuator,inthiswaythecloudactas
middlewareforIoTwherein,theIoTdataflowoccursintheloopas:user-cloud-usertorealizesense-
process-actuatesequenceforIoTapplications.Alikecloudcomputing,fogcomputingalsooffers
storageandcomputecapacity,thoughboundedbylimitedresourcecapacityoffognodes,butata
nearerdistance(intermsofnumberofnetworkhops)resultinginsignificantreductioninlatencyand
communicationcost.Incontrasttothecentralizedresourcepoolincloudcomputing,theresourcesin
fogcomputingaredistributedinnatureandincludeallsortofpotentialstorageandcomputedevices
encounteredacrossthenetworkbetweenend-userandthecloudandsuchfognodesmayinclude
nearbyidlePCs,servers,accesspoints,routers,andalsoend-userdevicesetc.Bonomietal.(2012).In
simplerwords,fogcomputingisthedistributedcomputingparadigm,whichprovisionsdatastorage,
computeandnetworkingonresourcesoccurringbetweenend-deviceandthecloudserver,preferably
choosingtheresourcesnearertotheend-deviceslyingwithinthelocaledgenetwork.Hence,itcanbe
concludedthatcloudisthecentralizedon-demandcomputinginfrastructure,whilefogisdistributed
opportunisticcomputinginfrastructure.Infogcomputing,themanagementofIoTdatawithinedge
networkhelpstoreducelatency,savescloudcommunicationbandwidthandenablescapturingof
contextinformationbyimplicitlocationandsituationawareness.Hence,thispapersuggestsusing
fogcomputing-basedIoTmiddlewaretoperformIoTdatastorageandprocessingondevicessuchas
homegateways,routers,desktopandothercomputingdeviceswhichexistneartotheenddevices.
Withsensing-processing-actuatingloop,IoTenablesenormousapplicationslikesmarthome,smart
healthcare,smartgridetc.However,IoTbasedsmarthomeisthefocusofthispaper.

InadditiontoIoT,smarthomehasbeendiscussedwidelyinliteratureinthefieldofubiquitous
computing,particularlyinthefieldofcontext-awarecomputing.Researchersappliedcontext-aware
computingapproachestorealizesmarthomescenarioinordertounderstandtheusercontextand
learnuserhabitsforprovidingpersonalizedsmarthomeservices.Models,architecturesforcontext-
awaresmarthomehasbeendiscussedinWang(2005),Zhang(2005),andKlimek(2015).Various
worksSi(2005),Baralis(2011),Al-Muhtadi(2003),Ellenberg(2011),Vlachostergiou(2016),andGu
(2004)haveperformedcontext-awarecomputinginsmarthomescenario.Context-awareprocessing,
whenappliedtosmarthomeenables-modelinguser’scurrentcontext,incorporatinguser-defined
policies,understandinguserpreferences,andprovidingcontextservices,therebyprovidingambient
intelligencetoenjoyacomfortablelifeinsidehome.

Smarthomeenablementhasbeenaddressedbyboththetechnologies-IoTandcontext-aware
computing.Itisquiteinterestingtonotethatthetwotechnologiesarecomplementarytoeachother
as,IoTdealswithtangiblehardwareaspectinvolvingtheinter-networkingofsensors,computation
middleware,actuators,smartdevicesetc. toenablethesensing-processing-actuatingcontrolloop
while,context-awarecomputingdealswiththeintangiblesoftwareaspectinvolvingvariousapproaches
andmethodstoprocessandunderstandthecontextfortakinghigh-leveldecisions.Withthisview,
thispapertakeinitiativetopropelthisupcomingcontext-awareIoTparadigm.Arecentsurveyon
context-awareIoTcanbefoundinPereraetal.(2014),howevertheauthorsdidnotproposeany
frameworkorlayeredarchitectureforcontext-awareIoT,whichtheauthorsattempttoaddresshere.
Inthispaper,theauthorsproposeICON(IoT-basedContext-aware)frameworkforcontext-awareIoT
applicationssuchassmarthome,whichleveragesfogcomputingastheIoTmiddlewaretoperform
context-awareprocessing.

Therestofthispaperisorganizedintosixsections.Section2discusstheliteratureworkrelated
tosmarthomes.Further,Section3givesadescriptionofconsideredsmarthomescenarioandthe
undertaken use cases. Then in Section 4, the proposed framework-ICON for context-aware IoT
applicationshasbeendiscussed.InSection5,thecontext-processingfortheconsideredscenarios
hasbeendescribed.Finally,thepaperisconcludedwithdiscussiononimplementationinSection6.
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