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ABSTRACT

Embeddedsystemsareincreasinglyusedinourdailylifeduetotheirimportance.Theyarecomputer
platformsconsistingofhardwareandsoftware.They runspecific tasks to realize functionaland
non-functional requirements.Severalspecificqualityattributeswere identifiedas relevant to the
embeddedsystemdomain.However,theexistentgeneralqualitymodelsdonotaddressclearlythese
specificqualityattributes.Hence,thepropositionofqualitymodelswhichaddresstherelevantquality
attributesofembeddedsystemsneedsmoreattentionandinvestigation.Themajorgoalofthispaperis
toproposeanewqualitymodel(calledESQuMoforembeddedsoftwarequalitymodel)whichprovides
abetterunderstandingofqualityinthecontextofembeddedsoftware.Inaddition,itfocusesthelight
ontherelevantattributesoftheembeddedsoftwareandaddressesclearlytheimportanceofthese
attributes.Infact,ESQuMoisbasedonthewell-establishedISO/IEC25010standardqualitymodel.
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1. INTRodUCTIoN

Embeddedsystemsarecomputerplatformsconsistingofhardwareandsoftware.Theyrunspecific
taskstoachievecertainpurposestheyweredevelopedfor,eitherintelecommunication,computing,
controlling, assistance, etc (Barr,2007;Kumar, et al., 1996).These tasksare expressed through
functionalandnonfunctionalrequirements.Ontheonehand,functionalrequirementsrepresentthe
functionalpropertiesofthesystemlikemakingcallsforphones.Ontheotherhand,nonfunctional
requirementsrepresenthowthesetaskswereachievedbythesystemlikethephonecamerashould
takeapicture in less than100millisecondswhilepressing theshootingkey.Thenonfunctional
requirementsarealsoknownbyqualityattributes(Guessietal.,2012).
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Embeddedsystemsaregainingmoreattentionduetotheirimportanceinourdailylife.Inaddition,
embedded systems are becoming complex more than ever before since they run under stringent
constraintssuchastime,limitedresources,severeenvironmentsandcriticaloperations(Jamont,2005;
Pries,etal.2008;Lee,etal.,2016).Thegrowthincomplexityofthesesystemsandthecriticality
usesofthemrequiresophisticateddevelopmentprocessinordertoguaranteetheirquality.Thus,
qualityassuranceisasystematicprocesswhichincludesallthetechniquesandtoolsthatshouldbe
followedtodevelopsecure,safe,functionalandreliablesystems.Ofcourse,developingqualitymodels
isthebasicstoneinanyqualityassuranceprocessbecauseitmakesthequalityconceptcommonly
specifiedbyusingitsrelevantattributes(Garcésetal.,2017).Inthiscontext,mostofworksproposed
inthisfieldarelimitedtoproposingqualityattributesofembeddedsystemswithoutproposingthese
attributesinaqualitymodel.Infact,aqualitymodelrelatesthedifferentqualityattributestospecify
theirrelationshipsinordertorepresentacoherentviewofthequalityconcept.Moreover,thequality
ofembeddedsystemsisspecifiedusingdomain-specificterminologies(likedependability)which
arenotcommonlyusedtospecifythesoftwarequalitymodels.Consequently,wethinkthatusing
well-knownqualitymodelsismorebeneficialthanusingdomain-specificattributes.

In thispaper,weproposeESQuMo,aspecificqualitymodel forembeddedsoftware,which
based on the well-established ISO/IEC 25010 quality model (ISO, 2011). Of course, proposing
thisqualitymodelpassesthroughtheidentificationofspecificqualityattributesoftheembedded
software.Furthermore,weignoredtheattributesofqualityconsideredunnecessaryaccordingtothe
specificcharacteristicsofembeddedsystems.Also,theseattributesarerelatedtothespecificquality
conceptsofembeddedsystemsinordertoprovideauniqueframeworkthatspecifythequalityofsuch
systemsforbothsoftwareengineerandembeddedsystemsdevelopers.Itisimportanttonotethatthe
mainpurposeofthisversionofESQuMoistodefinethequalityofembeddedsystems.Measuring
orpredictingqualityofsuchsystemsrequireusingothermodels.

Theremainderofthispaperisorganizedasfollows:Section2introducessomerelatedworksto
ourtopic.Section3presentsabackgroundonembeddedsystems,qualitymanagementandquality
assurance.Inaddition,itgivesadetailedoverviewofqualitymodelswithmoreconcentrationonthe
ISO/IEC25010standardqualitymodel.InSection4,weidentifiedtherelevantqualitycharacteristics
ofembeddedsoftwareusedtodeveloptheESQuMoqualitymodel.Section5providesacomparative
studybetweenourproposedqualitymodelESQuMowithothersimilarworks.Conclusionandfuture
worksareprovidedinsection6.

2. RELATEd woRKS

Agrowingnumberofworksareconcernedwithqualitymodelsandqualityattributesofsoftware
products.However, only fewhave targeted the embedded softwareproducts.Thepropositionof
newqualitymodelsthataddressthespecificpropertiesofembeddedsoftwareisduetothelackofa
standardqualitymodelthatunifiesandcoverstheseproperties,aswellasthecommoncharacteristics
oftheordinarysoftware.

ManyqualitymodelshavebeenemergedsuchastheoneproposedbyAhrensetal.(2013),a
qualitymodelfordriverassistancesystems.Nevertheless,itisverylimitedandrestrictedfordriver
assistanceproducts.

Jeong&Kim(2012)proposedaqualitymodelforembeddedsystemsbasedonDeLoneand
McLeansuccessmodel.Thelackofthisworkistheabsenceofaclearmeta-modelthatfacilitatethe
interpretationoftheproposedmodel.

Choietal.(2008)proposedSCQM(SamsungComponentQualityModel)anevaluationquality
modelforembeddedsystemsbasedontheISO/IEC9126qualitymodel.Themaindeficiencyinthis
workistheabsenceofaclearcriterionaccordingtowhichqualitycharacteristicsaredividedinto
maincharacteristicsandsub-characteristics
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