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ABSTRACT

Assistivehealthcaresystemisaviablesolutionforelderlycaretoofferindependentliving.Such
healthcaresystemsarefeasiblethroughsmarthomes,whichareintendedtoenhancethelivingquality
oftheoccupant.Activitiesofdailyliving(ADL)areconsideredinthedesignofasmarthomeand
areextendedtoabnormalitydetectioninthecaseofhealthcare.Abnormalityinoccupantbehavioris
thedeviationofongoingactivitywiththatofthebuiltactivitymodel.Generally,supervisedmachine
learning strategies or knowledge engineering strategies are employed in the process of activity
modeling.Supervisedmachinelearningapproachesincuroverheadsinannotatingthedataset,while
theknowledgemodelingapproachesincuroverheadbybeingdependentonthedomainexpertfor
occupantspecificknowledge.Theproposedapproachontheotherhand,employsanunsupervised
machinelearningstrategytoreadilyextractknowledgefromunlabelleddatausingcontextualpattern
clusteringandsubsequentlyrepresentsitasontologyactivitymodel.Ontologyoffersenhancedactivity
recognitionthroughitssemanticallyclearrepresentationandreasoning,ithasrestrictioninhandling
temporaldata.Hence,thisarticleinadditiontounsupervisedmodelingfocusesatenablingtemporal
reasoning within ontology using fuzzy logic. The proposed fuzzy ontology activity recognition
(FOAR)frameworkrepresentsanactivitymodelasafuzzytemporalontology.FuzzySWRLrules
modeledwithinontologyaidactivity recognitionandabnormalitydetection forhealthcare.The
experimentalresultsshowthattheproposedFOARhasbetterperformanceinabnormalitydetection
thanthatoftheexistingsystems.
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1. INTROdUCTION

Smarthomesendeavoratintegratingintelligenceintohomesurroundingstoprovideservicesthat
enablebetterqualitylivingtoitsoccupant.Ingeneral,smarthomereferstoadigitalenvironment
thatproactively,butsensibly,assistspeopleintheirdailylivestoincreasesafetyandcomfort(Cook
etal.,2009;Cook&Das,2007;Alametal.,2012).Autonomyisitsprimaryobjectivethatenables
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andempowersindependencetotheoccupanttowardsmeetingtheirsocial,emotionalandrational
needs.Ambientintelligenceandassistivelivingofferedviasmarthomeaiditsintegrationtovarious
sociallyrelevantapplicationsthathaveprofoundimpactonthefutureofsociety(Woznowskietal.,
2017;Augustoetal.,2010).Thus,thispaperaimsatmodelingreasoninganddecisionsupportsystem
whichintendtoofferambientassistiveliving(Augusto,2012).

AmbientAssistiveLiving(AAL)(Peeketal.,2017)viasmarthomehasturnedouttobean
essentialresearchareaasitcanbeutilizedinvariousapplicationdomainslikehealthcare,elderly
care,energyefficiency,surveillance,offices,hospitals,agricultureanddisasterassessment(Cortés
etal.,2007;Hanrattyetal.,2016).Theimpactoftheglobaldemographicchangehasmadeelderly
carecritical,whichneedstoaddressissuesbothfromasocietalandeconomicperspective(dela
Concepcionetal.,2017),(Sowetal.,2013).AALalsooffersassistivesolutionsforpeopleaffected
byawidevarietyofphysicalandcognitivechallenges(Lotfietal.,2012).AmbientIntelligencein
hospitalenvironmentaugmentstheeffectivenessofhospitalservices.

InternetofThings(IoT) is theparadigmemployed inAAL,wheresensorsareembedded in
objectsorintheenvironmenttoendorsewellbeing,augmentcomfort,andtomaintainanindependent
livingofoccupants.Capturedsensordataisevaluatedtorecognizeactivityanddeduceknowledge
concernedtothephysicalorcognitivestatusofmonitoredoccupant.Thereasoningsystemwithin
smart home is characterized to recognize activity, classify patterns, discover trends, and detect
abnormaloranomalousbehavioroftheoccupant.Moreover,thereasoningframeworkintelligently
computes,proficientlylearns,adaptstoawidevarietyofneedsandrequirementsoftheoccupantto
offerassistivelivingenvironment.

Activitymonitoring,activitymodeling,activityrecognitionanddecisionmakingaretheseries
ofproceduresinvolvedinthedesignofreasoningsystem(Cook&Das,2007).Activitymodelingand
recognitionisthekeyprocessinsmarthomethataimstorecognizetheactionsandgoalsofoccupant
fromaseriesofobservationsontheoccupantsevents.Theessentialtaskinthedesignofactivity
recognitionsysteminvolvestheconstructionofactivitymodeltorepresenttheactivitypatternofthe
occupantwhichislaterutilizedtoautomatevariousservicesinthehomeenvironment.

Activityrecognitionisextendedtoanomalydetectioninthecaseofhealthcareapplications
(Augusto,2012).Anomalydetectionistheprocessofidentifyingpatternsindatathatdonotconform
tonormalorexpectedbehavioroftheoccupant.Theprocessofmodelinganomalydetectionsystem
involvestwosteps,wheretheusualornormalbehavioroftheoccupantismodeledatfirstandany
deviationfromthatofthebuiltactivitymodelisrecognizedtobeabnormality.Theongoingactivity
oftheoccupantisrecognizeddynamicallybyemployingmachinelearningandartificialintelligence
strategiesovertherealtimedataattainedfromtheenvironment(Chenetal.,2012b).

Theproposedactivityrecognitionandanomalydetectionsmarthomeforelderlycarefocuseson:

• Building an contextual activity recognition system for smart homes for elderly care using
contextualpatternclustering;

• Ontologyaunifiedrepresentationlanguageisusedtorepresentactivitymodels;
• Anovelapproachtorepresenttemporalinformationinontologyisproposedandconstructed

usingfuzzylogic;
• Anefficient reasoningalgorithmisdevelopedtoworkoverfuzzyontologytorecognize the

abnormalityinoccupantbehavior.

2. ReLATed wORK

Activityrecognitioniscategorizedasvisionandsensorbasedontypeofsensorusedformonitoring
(Chenetal.,2012b).Visionbasedactivityrecognitionmonitorstheoccupantthroughvideocameras
whereassensor-basedactivityrecognitionmonitorsthroughminiaturesensors.Theprivacyand
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