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ABSTRACT

Modelling WSN data behaviour is relevant since it would allow to evaluate the capacity of an
applicationforsupplyingtheuserneeds,moreover,itcouldenableatransparentintegrationwith
differentdata-centricinformationsystems.Therefore,thisarticleproposesadata-centricUMLprofile
forthedesignofwirelesssensornodesfromtheuserpoint-of-viewcapableofrepresentingthegathered
anddelivereddataofthenode.Thisprofileconsidersdifferentcharacteristicsandconfigurationsof
frequency,aggregation,persistenceandqualityatthelevelofthewirelesssensornodes.Furthermore,
thisarticlevalidatestheUMLprofilethroughacomputer-aidedsoftwareengineering(CASE)tool
implementationandonecasestudy,centredonthedatacollectedbyarealWSNimplementationfor
precisionagricultureandsmartfarming.
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INTRoDUCTIoN

TheAgri-foodsectorplaysakeyrole in theeconomyofalmosteverycountry in theworld,not
onlyforgeneratingwealthandcreatingemploymentbutalsoforthenutritionofthepopulationin
developedanddevelopingcountries(Lehmann,Reiche,&Schiefer,2012;Ramirez-Villegas,Salazar,
Jarvis,&Navarro-Racines,2012).Differentaspects,likeincreasingthesectorprofitability,adapting
totheclimatechange,supplyingthedemandsforemergingmarkets,orensuringtheproductsquality
arecurrentlychallengingtheAgri-foodsector.Therefore,innovationsassmartfarming,precision
agricultureorproducttrackingarevitalforovercomingthesechallenges(AkankshaSharma,Barbara
AreseLucini,JanStryjak,&SylwiaKechiche,2015;Lehmannetal.,2012;Plazas&Corrales,2017;
Ramirez-Villegasetal.,2012).

Such innovations rely on the intensive monitoring of the products and their environments,
since the collected data allow for the detection of undesired situations, and the development of
accurateinformationandforecastingsystems.Thesecomplexsystemsareusuallyunderpinnedon
complexsimulationmodelscalculatedinreal-time,whichmustrelyonhigh-qualitysensorsdata.
Indeed, theadventof lowcostsensorsenabled thedevelopmentofsmallsensingplatformswith
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wirelessconnectioncapabilities(sensornodes),whichcanbegatheredanddeployedasWireless
SensorNetworks(WSN)tomonitorareaswherewiredconnectionsaredifficultorinadequateto
establish(Wang,Zhang,&Wang,2006).TheseWSNareoneofthemostimportantInformation
andCommunicationTechnologies(ICT)forsmartfarmingandnumerousotherapplicationsdomains
sincetheyprovideright-timecrucialdatafromthemonitoredenvironment(Lehmannetal.,2012;
Plazas&Corrales,2017;Plazas,López,&Corrales,2017).

However,handlingagriculturalcollecteddataischallengingsincethemonitoringsensorscan
collectandstreamlargeamountsofrawdata(e.g.embeddedintractors)andmustdealwithlimited
and depletable resources (e.g. deployed on the crop fields) (Anisi, Abdul-Salaam, & Abdullah,
2015;Jabeen&Nawaz,2015).Thesebigdataheterogeneousstreamsmustbecorrectlyandtimely
processedinordertoserveforthedifferentapplicationsaimingtoimprovethedecision-making,
controlanddefinitionofstrategies in theAgri-foodsectororanyotherdomain,considering the
end-userneeds.Especially,WSNdataprocessingandanalysisiscrucialinsmartfarmingtohandle
complexagriculturalapplications,suchasphenologymonitoring,yieldestimationorenvironmental
riskassessment(Shao,Ren,&Campbell,2018).Moreover,thedeploymentofsuchcompositesystem
usingWSN,informationsystems,simulationmodels,etc.,oftenleadstoarchitecturalcomplexICT
solutions,whosedesign,implementationandmaintenancecanbedifficultandexpensive.

Overcomingtheseissuesisachallengingtask.Therefore,aneffectivedesignoftheWSNis
thefirstmandatorysteptograntahigh-qualityimplementationofsuchcomplexsystemsaccording
to decision-makers analysis needs. Hence, conceptual modelling has strong relevance and wide
acceptancesinceitallowstobuildsolutionsforrealcomplextasksapartfromtheimplementation
problemsandlimitations(Abrial,2010).

Inthiscontext,theUnifiedModellingLanguage(UML)isoneofthemostpowerfultoolsfor
formalizingconceptualmodels,awidespreadextensibleobject-orientedstandardthatclosesthegaps
betweendesigners,developersandfinalusers(Bimonte,Schneider,&Boussaid,2016).However,
tothebestofourknowledge,currentapproachesdonotprovideacompleteandeffectiveconceptual
representationofWirelessSensornode(WS)data,whichmakesdifficulttodesigncomplexAgri-
foodapplicationsandreducestheapplications’capacitytocompletelysupplytheend-userneeds
(Marouane,Duvallet,Makni,Bouaziz,&Sadeg,2017;Paulon,Fröhlich,Becker,&Basso,2014;
Prathiba,Sankar,&Sumalatha,2016;Thang,Zapf,&Geihs,2011;Uke&Thool,2016).

Consideringthisscenario,inthiswork,weproposeadata-centricUMLprofileforWS.Our
profile enables themodellingof differentWS implementations from thegathered/available data
characteristics, allowing for the definition of ICT applications capable of answering the user
requirements.Moreover,amongthedifferentsensorscomputationmethods,inthispaper,wefocus
ondataaggregationsinceitisusefulforcomplexapplicationsandnecessaryforsavingthebattery
lifetimeofWSN.ThoughwehaveplacedourprofileintheAgri-fooddomain,consideringsmart-
farmingapplications,itisgeneralenoughtomodelthedatabehaviourofanyInternetProtocolSmart
Object(IPSO)-compliantsensingplatform(‘SmartObjectInteroperability,’n.d.).

The remainder of this article is arranged as follows: the next section presents the main
characteristics,configurationsandtypesofdatatoconsiderforaWSNabstraction.Section3presents
thestateoftheart,describingdifferenttypesofaggregationinWSNandhighlightingrelevantworks
thatcouldbeleveragedalongsideourprofileinordertodesignandconfigurethemostimportant
layersofaWS-basedapplication.Section4presentsourdata-centricmeta-model,includingtheUML
profilewithsometheoreticalexamplesanditsimplementationinaCASEtool.Section5presents
theprofilevalidationwithinarealsmart-farmingWSNapplication.Finally,section6presentsour
conclusionsandproposedfutureworks.
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