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ABSTRACT

TheinnovationanddevelopmentofsoftwaresystemsintheAmbientAssistedLiving(AAL)domain
havebroughthugechallengesforacademiaandsoftwareindustryaswell.Despitetheexistenceof
architecturalmodelsthatcanbeusedasreferencestobuildAALsystems,theirselectionfornew
AALprojectsisadifficulttask.Inthiswork,theauthorspresentthestateoftheartonReference
Architectures(RA)andReferenceModels(RM)foundthroughtheconductionofasystematicliterature
review.Theauthorsidentified,analyzed,andassessed24existingRA&RMforAALdomain,and,as
result,theauthorsspottedinterestingresearchdirectionsthatshouldbefurtherexploredtoimprove
existingandfutureRA&RMandsoftwaresystemsforthatdomain.
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1. INTRodUCTIoN

AmbientAssistedLiving(AAL)isarelativelynewfieldthathasbecomeanincreasinglyimportant,
interdisciplinaryresearchtopicforthegovernmentalservices,andthemedicalandtechnological
research communities (Broek, Cavallo & Wehrmann, 2010). AAL refers to concepts, products,
andservicesaimingatenhancingseveralaspectsofpeople’squalityoflife,includingautonomy/
independence,comfort,safety,security,andhealthinallstagesoftheirlife(Broeketal.,2010).AAL
softwaresystemscanbeseenassuper-setofAmbientIntelligence(AmI)thatincludesconceptsand
technologiesfromsmarthomes,robotics,sensornetworks,andeHealth(Buchmayr&Kurschl,2011).

ConsideringtherelevanceofAALsoftwaresystemsforsociety,andthediversityofapplication
domainsand technologies thatAALembraces, researchers,practitioners,andorganizationshave
advisedtheimportanceofcreatingheterogeneous,interoperable,open,andreusableplatformsand
standardsfortheAALdomain.Forthisreason,severalreferencearchitectures(RA)andreference
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models(RM)havebeenproposed,supported,forinstance,bytheEuropeanCommissionunderthe
FP6andFP7researchcalls1.Inshort,RAareagenerictypeofsoftwarearchitecturethatpresentsa
well-recognizedunderstandingofspecificdomains,promotingreuseofdomainanddesignexpertise,
and facilitating thedevelopment, standardization,andevolutionof softwaresystems (Nakagawa,
Oquendo&Maldonado,2014).Meanwhile,RMareconsideredabstractframeworkswhosepurpose
isthedomainmodelling,representingrelationshipsbetweendomainentities.InaRM,entitiescan
befurthermappedintosoftwarearchitecturestructures(Bass,Clements&Kazman,2003).

IntheAALcontext,itispossibletofinddifferentRA&RM,suchasUniversAAL(Hankeet
al.,2011),proposedtoguidetheAALprovidersandconsolidatetheAALmarket.Nowadays,the
selectionofRA&RMfordeveloping,standardizing,andevolvingAALsystemsisaratherdifficult
task,becausetheheterogeneityoftechnologies,andcomplexpurposesofthosesystems.However,
tothebestofourknowledge,thereisalackofacompleteanddetailedanalysisandassessmentof
theexistingRA&RMfortheAALdomain.Themainobjectiveofthispaperistopresentthestate
oftheartobtainedbyassessingthoseRA&RMregardingtheircompletenessandcongruence.The
identificationandselectionofRA&RMwasmadethroughtheconductionofasystematicliterature
basedonwell-knownguidelinespresentedin(Kitchenham&Charters,2007).

Theremainderofthisarticleisorganizedasfollows.Section2presentsthebackground.Section3
detailsrelatedwork.Section4summarizestheprotocoloftheconductedsystematicliteraturereview.
Section5reportstheresultsofourreview.Discussionsaboutourresearchquestionsarepresented
inSection6.Section7exposesthreatstovalidity.Finally,Section8presentsourconclusionsand
futurework.

2. BACKGRoUNd

Inthissection,thetheoreticalbackgroundcontainingthemaintopicsembracedinthiswork,namely,
AAL,referencearchitectures,andreferencemodels,isgiven.

2.1. Ambient Assisted Living
Aimingatenhancingthequalityoflifeforeveryone,theAmbientAssistedLiving(AAL)concept
emergedinthe1990s,butjustfromthemiddleofthe2000sithasreceivedmoreattention.AALisa
relativelynewfieldandhasbecomeanessential,multidisciplinaryresearchtopic,aimingatproviding
softwaresystemsandservicestoassistpeoplewithdisabilities,chronicillness,orlowautonomy,in
theireverylifeactivities.Inthiscontext,effortsintheAALdomainintendtoimproveautonomy/
independence,comfort,safety,security,andhealth,foreveryone(withafocusonelderlypersons)in
allstagesoftheirlife(Broeketal.,2010).AALisprimarilyconcernedwiththeindividualinhisor
herimmediateenvironment(e.g.,athome,community,orwork)byofferinguser-friendlyinterfaces
forallsortsofequipmentinthehomeandoutside,takingintoaccountthatmanyolderpeoplehave
impairmentsinvision,hearing,mobility,ordexterity(Pieper,M.,Antona,M.,&Cortés,U.,2011).

Table1showstheclassificationofAALgoals(G)proposedoriginallybyAfsarmanesh(2011).
Shortly,AALsystemscanbeconstructedtoaddressthreegeneralgoals(G1,G2,andG3)depending
oftheenvironmentinwhichthesystemwillwork(i.e.,personalenvironment,suchashome,work,or
community).Thethreegeneralgoalscanberefinedinmoredetailedobjectives(forinstance,G1A.b
assub-goalofG1),asdetailedinTable1.

2.1.1. Technologies in Ambient Assisted Living
TodevelopsuccessfulAALsystems,knowledgeprovidedbyaheterogeneoussetofdisciplines(as
thoseshowedinFigure1)mustbeintegrated.AALsoftwaresystemscanbeseenasanevolutionof
AmbientIntelligence(AmI)technologies,includingalsotechnologicaladvancesfromSmartHomes
ande-Health(Buchmayr&Kurschl,2011).Figure1showsrelationshipsbetweendifferenttechnologies
fromtheAALpointofview.SmartHomesfocusoncontrollingdevicesinstalledatpeople’shouses,
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