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ABSTRACT

Thereisanunprecedentedgrowthofinternetandinternet-basedtechnologiesintherecenttimes.
Wearenowswitchingto5Gasthemostrecentwirelesscommunicationtechnology.Theinternetof
thingshasbecomeablessingforIndustry4.0bychallengingalltheexistingtechnologiesinitsutility
forcontributingtotheindustrialgrowth.Therearealotofwirelesscommunicationtechnologiesfor
IoT,anditbecomesdifficultchoicetoselectonesuitableforanapplication.Authorshavepresented
multi-criteriadecision-makingtechniqueswhichareveryinstrumentalinmakingaconfirmeddecision
onthechoiceofappropriatetechnology.Thischoiceisdonebasedonanumberofdecidingparameter
whichareusedtodifferentiatebetweenalltheavailableoptions.Theauthorshaveidentified11wireless
communicationtechnologiesandsevenparameterstoevaluatetheperformanceoftheWCT’s.Allthe
sevenparametersareconsideredinrankingandrankmatrixisobtained.Thistechniquecanbevery
helpfulforapplicationdesignerssoastochoosetherightplatformfortheirapplications.
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INTRoDUCTIoN

Inthiseraoftechnologicaladvancement,wearefacingmassivedisruptioninalldomainsofour
existingIndustrialsetup.Lampropouloset al. (2019)explored that there isa lotofquest for the
changesnextindustrialrevolution,Industry4.0isgoingtohaveonourcurrentstateofpractice.The
mostsignificantchangethatwehavealreadystartedfacingisroleofinternetandomnipresenceof
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humanreachduetoit.InternetofThings(IoT)hasstartedexpandingitswingsinallspheresofHuman
Technologicalprogression.TherehasbeenawideacceptanceofIoTdriventechnologyintherecent
past,asinstancedbyAlam(2018),therewillbe75.44billionconnecteddevicesbytheyear2021.The
internethasexpandeditswingsandisnowcollaboratingwithdatascienceandartificialintelligence
tomakeourmachinesevensmarterandtalkingtousallthetime.Itisaneweraofthinkingabout
smartmachinesandsmartertechnologies.Theworldischangingthedimensionsofcommunication
throughuseofIoTandsmartertechnologies.Therearevariouswirelesstechnologiesavailablefor
communicationinIoTandevennewertechnologiesareevolvingwithchangingneedsofthemarket.
Eachofthetechnologyhasinherentadvantagesandlimitations.Therearevariousfactorsthatimpact
theuseofonetechnologyovertheotherintermsofsecurity,availability,applicability,reliabilityetc.
Itbecomesaverycomplextasktotakeadecisiononadoptionofonetechnologyoverotherasall
technologiesarecompetingwitheachotherontheirspecificadvantagestosupporttheapplications.
InthispapertheauthorshavepresentedamulticriteriondecisionmakingapproachbasedonHasse
diagramspresentedbyMao(2010)andVoigtet al.(2006),absolutereferencediscussedinresearch
workofKelleret al.(1991),Hendrikset al.(1992)andaveragerankingtechniquesexploredbyLewis
et al.(1992)toselectthebestWirelessCommunicationTechnology(WCT)fromavailableoptions.
Thisapproachmaybeveryinstrumentalfortakingintoaccounttheimpactofeachofthecontributing
factorsforchoosingtherighttechnology.

LITeRATURe ReVIeW

WCThasbeenthemostwidelyusedmediaforcommunicationintherecenttimesreplacingtheold
wiredcommunicationsystemswhichsufferedfromthebasiclimitationtoreachtheremoteareas.
Gomezet al.(2010)exploredvariouswirelessvarioushomeautomationprotocolsandarchitectures.
Hussainet al.(2017)intheirworkidentifiedtheinternetofthingsbuildingblocks.Johari(2015)has
discussedthevariousprotocolsforIoTcommunication.Garciaet al.(2018)concludedthatpopular
WirelessoptionsincludingWiFi,ZigBee,Bluetooth,WiMax,Zwave,NFChavegrownasacceptable
solutionstotheIoTbasedcommunicationrequirementsofcurrentSmartCityinitiatives.Ramadan
&Altamimi(2017)haveusedIoTwirelessnetworksforacasestudyofdiseaseproductionandthe
efficiencyliesonhownetworkforwardsandinterpretsdata.Waleedet al.(2016)discussaboutthe
scopeandopportunitiesofwireless5GtechnologiesintheInternetofThingsandhighlighttheneed
ofsecurityintheInternetofThingsasamajorstakeholdertoestablishtrustinadoptionofwireless
5Gnetworks.Pauet al.(2018)intheirworksummedupvariousavailableoptionsforthewireless
domaintocatertotheneedsofIoT.Authorssummedupthateveryapplicationdomainneedsspecific
requirementsrelatingtotherange,throughput,powerconsumption,andnetworktopology.Besides,
furtherconsiderationsincludethecost,easeofintegration,andsecurity.InDhandaet al.(2019),
theauthorsstatethattheoutcomeofareliablecommunicationbroadlydependsontheavailability
andreliabilityoftheIoTapplication.Therequirementspertainingtoscalabilityandheterogeneity
stagestrikingchallengestotheresearchcommunity.Mobilitymaintenance,packetdelayandsignal
loadaretheprimaryattributesthatinhibitreliablecommunicationandaffectthequalityofservice
parametersinIoT.ThispaperpresentsthevarioustypesofwirelesstechnologiesavailablefortheIoT
anddiscussestheopenchallengesandresearchissuesinIoT.Salmanet al.(2017)intheirresearch
gaveabriefoverviewofalltheprotocolsavailableforIoTcommunication.AsimilarpaperbyKrejci
et al.(2017)providesacomparativeanalysistothedevelopers,designersandtheservicefelicitates
withoptionsforvariouslayersofprotocolsspecificforIOTandcriteria’sofhowtochoosebetween
them.InSabaeiet al.(2015)theauthorshavemadeacomprehensiveefforttoidentifythedecision
makinginanenvironmentwheremultipleattributesarerequiredtobetakenintoconsiderationfor
decisionmaking.Galli (2019)gavea systemengineeringapproach todecisionmakingusing17
evaluationcriteriaandgavesomenewertechniquestomakeabetterdecisioninmultipleparameters
affectingthefinaloutcome.Koksalanet al.(2011)presentedadetailedanalyticalintroductionto
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MultiCriteriadecision(MCDM)makinganditsadvantages.Jhaet al.(2012)presentsanoverview
andfuturedirectionsforcomponentselectionindesigningfaulttolerantmodularsoftwaresystems
.Dutta(2017)usedafuzzyapproachfordecisionmakingindiseasediagnosis.Naugleet al.(2019)
presentedasystemsdynamicsapproachforrationaldecisionmakingundertheinfluenceofvarious
contributingparameters.Jhaet al.(2014)gaveframeworkonMCDMforoptimalcomponentselection
basedoncohesionandcouplingforcomponentbasedSoftwareSystem.Kumaret al.(2016)explored
theutilityofmulticriteriadecisionmaking(MCDM)forrenewableenergy.Shuklaet al.(2019)have
usedagreyscaleapproachforefficientdecisionmakinginforsustainabledevelopmentinmarble
industry.DifferentMCDMmethods,theirapplications,strengthandweaknesseshavebeendiscussed
inthepaper.Themethodsdiscussedincludecustomizedweightedsummethod,aweightedproduct
technique,analyticalhierarchyprocess(AHP),eliminationwithchoicetranslatingreality,aTechnique
forcreatingpreferenceoforderbysimilarityofidealsolutions.Therearemanymoresuchmethods
whichdefineasolutionforfindingthebestavailablesolutiontoadecisionmakingproblem.Bali
andMadan(2015)presentedastudycalledTOPVECFrameworkofcriticalsuccessfactorsinCOTS
basedsoftwaredevelopmentPatilet al.(2004)presentedtheconceptofpartialorderedsetsandlinear
extensionstomakeadecisionofchoicebetweenmultipleindicators.Voigtet al.(2006)evaluated
multipledecisionmakingindicatorsusingHasseDiagramTechniques(HDT)whichoriginatesfrom
discretemathematics. InCarlsen(2009),Tsonkovaet al. (2015)andCarlsen(2015), theauthors
havepresentedhowHassediagrams,partialorderrankingtechniquesandthelinearextensionscan
begivenanequalopportunitytoalltheattributesmakingadecisionberepresentedinanunbiased
mannerandallowing thedecision insuchanenvironmentbemadewithconsiderationofall the
presentattributes.Fromthereviewofexistingliteratureitmaybeenumeratedthatthereisawide
rangeofwirelesscommunicationtechnologiesavailableintoday’sscenario,thesetechnologiesmay
beapplicableeventoasingleapplicationinIoT,Carlson(2019),(2015)emphasizedthatweneedto
deviceamechanismtochoosebetweentheseexistingtechnologies,linearextensionsandtotalorder
rankingisveryefficienttechniquetoidentifyandrankthesetechnologiesforaparticularapplication
basedonitsrequirements.

DIFFeReNT IoT WIReLeSS CoMMUNICATIoN TeCHNIQUeS (WCT)

In the current era a number of wireless technologies at data link layer exist for the application
designersandeachofthesetechnologieshavetheirownspecificattributesthatmakethemsuitable
foruseandattracttheapplicationdesigners.ThemajoradvantageofWCTincludesnouseofguiding
cables,dependability,security,safetyandmanymore.ThevarioustechnologiesadoptedforWireless
CommunicationinIoTdeviceshavebeendiscussedbySalmanet al. (2017),Alsharifet al.(2019),
Kogiaset al.(2019),Wanget al.(2018),Huynhet al.(2017)andGhamariet al.(2015)intheir
respectiveresearchwork.Authorshaveconsideredfollowing11WCT’sforselectionofmostsuitable
IoTcommunicationbasedapplications.

WiFi
WirelessFidelityalsocalledasWifiisoneofthewidelyusedwirelesstechnologiesforconnecting
theelectronicdevicesinwirelessareanetworks(WAN).TheWifitechnologiesisbasedonIEEE
802.11standardthathasanoperationalbandintherangeof2.4Ghzto5Ghz.Thisisanunlicensed
bandavailableworldwideforsuchusage,Ananiet al.(2019).Duetotheavailabilityofhighbandwidth,
WifiiscapableofprovidinghighdatatransferratesinIoTDevicesbutitsuffersfromalimitationof
higherpowerconsumptioncomparedtoitscompetitortechnologies.

Bluetooth
ThisisbasedontheIEEE802.15.1standard.Itisemployedforshortrangecommunicationbetween
staticaswellasmobiledevicesinapersonalareanetwork(PAN).Itemploysalowcosttransceiver
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microchipandutilizesthebandof2.4Ghz.TheBluetoothtechnologyalsosharesthecommonfree
licensezonewithothertechnologies,Dhanda(2019).Bluetooth5deliversfourvariantsofdatarates
inordertocatertoavarietyoftransmissionranges:2Mbps,1Mbps,500kbps,and125kbpsin
Bluetoothversion5.0.

Bluetooth Low energy (BLe)
ItisalsocalledBluetoothsmartandwasintroducedinBluetoothversion4.0.Thistechnologyis
targetedtowardstheapplicationsrelyingonlowerpowerconsumption,BLEprovidesalowerdata
throughputof1MbpsutilizingGFSKmodulationscheme.OccasionallyBLE’smaxdatathroughput
of1Mbpsmaynotbesuit theproductswhichneedacontinuousstreamingofdata likewireless
headphones,whileotherIoTapplicationsonlyneedtosendsmallbitsofdataperiodically.

Z Wave
Thiswireless technologygenerally finds itsapplication inhomeautomation.Z-wave technology
enablesdevices“mesh”togetherwitheachotherbysendingsignalsoverlow-energyradiowaves
onadedicatedfrequencyfortransmission.EveryZ-wavedevicepossessesasmallbuilt-insignal
repeaterthatsendsandreceivesnetworkinformation.Zwaveoffersbettersignaltransferandreception
comparedtoitscompetingtechnologiesduetorepeaterspresentineachdeviceinthenetworkand
makingthenetworkevenstronger.

Near Field Communication (NFC)
Thisisaveryshortrange(lessthan10cm)communicationprotocol.Generallyusedinapplications
likecontactlesspaymentsincludingcreditcards,smartcards,eticketingetc,Sethi(2017).Thisdistance
limitensuresmuchsafercommunicationamongdeviceswhileitneedsmoretimeasthedevicesare
neededtobemovedphysicallyincloseproximitytomakeacommunicationortransactionpossible.

Zigbee
Thisisalowpower,lowdataratetransmissiontechniqueusuallyfindsinapplicationswherewe
needtohaveinteroperabilitybetweendeviceswhicharefromdifferentmanufacturers.Zigbeeisan
opensourceprotocolandallthemanufacturersmayuseitintheirapplications,Sethi(2017).Zigbee
isbasedonIEEE802.15.4standard.Itusesthreeunlicensedbandsforcommunication.

ANT
Itisanultra-lowpowertransmissionprotocol.Thedeviceusingthistechnologycanrunonacoincell
foryearsofoperation.Thisisaselfadaptivetechnologywhichiscapableofmakingquickmeshes.
Itrequiredalowcostdesignandoperateswithasinglechip.

DASH7
ThisisrecentwirelesscommunicationprotocolthatisprimarilyusedinactiveRFIDdevices,generally
functionsingloballyaccessibleindustrialscientificmedicalband.Ayoubet al.(2018)statedthat
ithasbeenspecificallytargetedforscalableandlong-rangeoutdoorimplementationhavingmuch
betterdataratesthanthepopularZigBee.Thisisanaffordableprotocolthatenforcesencryptionand
implementsIPv6addressing.Ittargetsbursty,lightweighted,asynchronousandonthemovetraffic
andhencetypicallysuitsIoTapplications.

Home Plug
Homepluggreenphywasdevelopedbyhomeplugpowerlineallianceandgenerallyemployedin
home automation. This WCT has been primarily focussed on reducing the power consumption
andaffordabilityofHomePlug-AVadditionallyprovidingitsreliability,availability,coverageand
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interoperability. It supports a power-save operational profile that permits the nodes to sleep by
synchronizingtheirrespectivesleeptimeandwakingthemupwheneverneeded.

enocean
EnOceanisawirelesscommunicationtechnologywithprimefocusonenergyconservation,it is
veryoftenimplementedinautomationbasedapplications,yethaspotentialtobeutilizedforother
IoTapplications.Thefundamentalapproachistoharvestmotionoranyothertypeofenvironmental
energyefficientlyandthenconvertittoanyformofusableenergybyemployingspecifictransducers.
EnOceanprotocolprovidessmallpacketsizeandisemployedpurposesincludingcooling,ventilation,
andheatbasedIoTapplications.

LoRaWAN
LoRaWANisarecentlyintroducedlong-rangeprotocolforapplicationinwide-areanetworks.This
particularWCThasbeenpurposelydesignedtosupportIoTapplicationsenablingpowereconomy,
affordability, dynamics, reliability, and duplex communication requirements. It is designed for
wirelessnetworksthatcanbescaledtoacapacityofmillionsofdevices,Poursafar(2017).Itenables
redundantoperation,poweroptimization,affordable,mobile,andenergyprocuringsystemstoshape
theupcomingrequirementsofIoTalongwithsupportingthemobilityandeasytousefeatures.

Table1showsthetechnicalspecificationsofthevariouswirelesscommunicationtechnologies
usedinthemoderndayInternetofThings(IoT)applications.

WCT SeLeCTIoN CRITeRIA

Thereareanumberofcriteria’swhichneedtobetakenintoaccountforselectingaparticularwireless
communicationtechnologyforaspecificapplication.Thevarioustechnologieshavebeencompared
ontheirkeyperformanceattributesbyLeeet al.(2007).Kondratenkoet al.(2018)hasproposed
severalparameterstoselectaparticulartechnologyoverotherforWCT’s.Elfoulyetal.(2017)have
insistedthatforanefficientWSNenergyconsumptionisoneofthemostimportantparameteralong
withotherparameters.Severaltechnologiesmayappeartosuitaparticularapplicationbutweneed
toanalyzeeachofthesetechnologiesonsomespecificattributesandthencomeonadecisionof
selectingaparticularWCT.Thevariousspecificattributestobetakenintoconsiderationare:

Table 1. Various popular IOT Wireless Technologies in use

WCT Technology Range Data Rate Frequency

WiFi 100Mts 54Mbps 2.4Ghzand5Ghz

Bluetooth 10Mts 24Mbps 2.4Ghz

BluetoothLowEnergy 8-10Mts 1Mbps 2.4Ghz

ZWave 30Mts 100Kbps 900Mhz

NearFieldCommunication Upto10cm 424Kbps 13.56Mhz

Zigbee 100-1500Mts 250Kbps 868Mhz,915Mhz,2.4Ghz

ANT 30Mts 60Kbps 2.4Ghz

DASH7 1-2Kms 200Kbps 868Mhz,915Mhz

HomePlug 200Mts 200Mbps 4.5-21Mhz

EnOcean 300Mts 125Kbps 315MHz,868Mhz,900Mhz

LoRaWAN <30Kms .3-50Kbps 868Mhz,900Mhz
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1. Reliability:Reliabledatatransferhasadirectimpactontheusertransferandthebatterylifeof
thedevice.Ifthereisasituationofundeliverablepackettothedestinationduetoreasonsincluding
interferencefromadjacentchannels,deliberatefrequencyjammingetc.thenthetransmitterkeeps
ontryingtodeliverthepackettillititdeliveredontheexpenseofbattery.

2. Security:WEPandWPA2arethestandardsbeinginforcetoensurethesecurityofdataon
wirelessnetworks.SomeofthehardwareequipmentsfinditdifficulttoadoptWPA2without
firmwareupdation.

3. Range:Highertransmissionpowerenablesbetterrangeduetohighsignaltopowerratioof
transmission.Regulatorybodiescontrolthemaximumpoweroutputinthelicensefree2.4GHz
ISMband.D

4. Data Rate:IoTsensordevicesgenerallytransferperiodicdatatothecentralcontroller.This
minimizesthepowerconsumption.Bandwidthrequirementaretypicallymodesthere.

5. Signal Latency:Latency related to the time lapsedbetween transmissionof signal and the
receptionofsignal.Thoughthisliesintherangeofmillisecondsbutbecomesverycrucialin
someoftheIoTapplications.

6. Power Transfer:Varioustechnologiesdifferfromeachotherintermsofdistancetowhichpower
canbepropagatedbythem.

7. Topology:InthecurrentscenariotheexistingWCTsbroadlysupportfourdifferenttypesof
topologiestoservedifferentapplicationswhichincludepeertopeer,broadcast,starandscanning.

SeLeCTIoN oF THe MoST SUITABLe IoT WCT

WehaveanumberofWCTsavailableandneedtogivedueweightagetoanumberofevaluation
parameters while analyzing the suitable WCT for any application. In our work we have used a
noblemulticriteriadecisionmakingtechniqueforfindingoutthemostsuitableWCT.Thismethod
demonstratedJunejaet al.(2019)takesintoaccountthesignificanceofallthecontributingattributes
intheselectionofaWCT.WehaveusedSimpleAdditiveranking,HasseDiagramspresentedby
Mao (2010) andVoigtet al. (2006),Carlsen (2009) andCarlsen (2015) andAbsolute reference
mentionedbyKelleret al.(1991)andHendrikset al.(1992)forrankingtheWCTsforsuitabilityof
aparticularapplication.

Simple Additive Ranking (SAR)
SARtechniqueprovides ranking to theobjects taking intoaccounteachcriterionseparatelyand
subsequentlyranksthesucceedingaggregationof theweightedranksusingthearithmeticmean.
Rankingrijofi-thelementcorrespondingtothej-thparameteriscalculated,thecorrespondingindex
valueisgeneratedbyEquation1:

s
w r

ni

j

P

j ij
=

⋅
=∑ 1  (1)

ThenthisvalueisnormalizedusingEquation2:

S
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/
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Hasse Diagram
Hassediagramsvisualizetheorderofrelationbetweenthepartialordersets(poset).Twoobjectsa
andbofaposetareorderedifallattributesofaarelessthanorgreaterthanthatofb.Hassediagrams
consistsofadirectedgraphwhichconsistsofasetEofobjectsdrawnascircles,circlesatthetop
ofthegrapharethebestobjectstosuitarankingcriteriaandtheonesatthebottomareleastsuited.
Theseobjectshavenopredecessorsandarecalledasmaximalpoints.Alinebetweentwoobjectsin
theHassediagramrepresentsthattwoobjectsunderconsiderationarerelated.

Partial order Sets (PoSeT)
Thepartialordercreatesarankingrelationbetweenseveralelementssimultaneouslyconsidering
multipleparametersoftheelements.Twoelementsaresaidtobecomparableifallattributesofone
element(a1)arelessthanorequaltoormorethanthecorrespondingattributesoftheother(a2).If
theelementa1has3attributes(4,6,8)andelementa2hasthreesimilarattributeswithvalues(1,2,
3).Figure1showsattributesA1,A2andA3oftwoelementsa1anda2.ItisveryclearfromFigure
1thata1>a2asallattributesofa1aregreaterthanthatofa2.

Figure2showsthatelementa1isbiggerthanelementa2withthehelpofaHasseDiagram.
Butiffortheelementsa3(3,5,4)anda4(2,4,7),wetrytocreateanorderthenthesetwoelements
becomeincomparabledue to their incomparableattributecombinations.So inorder tosequence
theseelementsa1,a2,a3anda4,wecreateapartialorderalsocalledaposet.Themostcrucial
factorinsequencingaposetisthenumberofcomparisonswhichmaybeactuated.Itisexpected
togatherasmuchcomparisonsasfeasibleaseachpresentincomparabilityoftheposetrepresents
onecorrespondingindetermination.Thecomparisonthatmayberealizedisdependentonnumber
ofattributeswhichareneededtobetakenintoconsiderationforthepurposeofcreatingorder.On
additionofnewattributes to theposet, therewillbeadecrease in thecomparisons this leads to
increaseinthedegreeofindetermination.Inposethavingaconsiderablyhugenumberofelements

Figure 1. Attributes A1, A2 and A3

Figure 2. Hasse diagram for element a1and a2
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anduncorrelatedattributes,thequantumofcomparisonsshrinktohalfwheneveranattributeisadded
asstatedbyLebanonet al.(2002),Peteret al.(2003)andRestrepoet al.(2006),theyhaveusedthe
sameconceptinrankingposetsintheirrespectiveresearch.

Average Rank and Total order
Averagerankdeterminationcanberealizedthroughtheuseofthelocalpartialorder.AverageRanking
isdonethroughanempiricalrelationrelyingonlinearextensionsofpartialorder.Linearextensionis
typicallypredictionofpartialorderspawningatotalorderthatconformsforallrelationspresentin
partialorder.Therefore,fromapartialorderrankingitisfeasibletoestimatelinearextensions,and
correspondinglyevaluateanaveragerankingofeachelementbasedonitsrankingfrequenciesfor
alllinearextensions.Consequently,theaveragedrankoftheelementxcanbevaluedbyusingthe
followingformulapresentedbyBruggemannet al.(2004)andBruggemannet al.(2011):

Rk(av)=(S+1)*(N+1)/(N+1-U) (3)

whereSistheaggregatenumberofdescendantsoftheelementx,Nisthenumberofelements(of
theresidualquotientset),andUistherangeofelementsincomparablewithx.

Absolute Reference
TheabsolutereferencepresentedintheirworkbyKelleret al.(1991)andHendrikset al.(1992)
measuresthedisplacementbetweeneachelementintoconsiderationandcorrespondingelementof
reference,whichrepresentsoveralloptimumofallthecriteriatakenintoconsideration.Inabsolute
reference, we need the characterisation of the values and conditions of optimum, i.e. for each
criterionitisnecessarytounambiguouslyestablishnotonlywhetherthebestconditionisfulfilled
withaminimumvalueoramaximumvalueofthecriterion,moreoverthespecificoptimumvalues.
Eachcriterionfirstprerequisitestobenormalizedandweighedtoaccountforitssignificance.After
optingthedistancemeasure,themethodcalculatestheoverallNdistancesamongelementsunder
considerationandthereferenceelement.HereEuclideandistanceisused,distanceofi-thelement
fromthereferenceelement(i*)isdefinedwithEquation4:

dii*=
r

R

if i r r
y y W

=∑ −( ) ⋅
1

2

*
 (4)

Correspondingtoeveryelementarepresentationofitssimilaritycomparedtothesetreference
elementisworkedoutwiththehelpoftheEuclideandistanceincorporatingthefollowingexpression:

Si=1-dii*where0≤Si≤1 (5)

Thisdegreeofsimilarityisusedforrankingoftheelements.Itrangesfrom0(ifthereisno
similaritybetweentheconsideredelementandthereferenceelement)and1(ifthereoccursthorough
resemblanceamongsttheconsideredelementandthereferenceelement).

CASe STUDy oF MULTI CRITeRIA SeLeCTIoN oF WCT

Thewirelesscommunication technologies identified in theSection3aboveareamong themost
commonlyemployedmediaforcommunicationintheIoTbaseddevices.Wehavetakenthecriteria
mentionedinSection4aboveasthekeyattributesforanyofthewirelesscommunicationtechnology
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forIoTtocreatearankmatrix.Theprocessadoptedbyusinourresearchworkhasbeenrepresented
byFigure3.

Wehaveusedpartialorder,averagerankingandlinearextensionsforrankingtheWCT.Here
wehaveconsideredtheidentifiedattributestomakeadecision.Theattributesarerepresentedby
literal P as Reliability(P1), Security(P2), Range(P3), Data Rate(P4), Signal Latency(P5), Power
Tranfer(P6),Topology(P7)havebeenevaluated as a case study for all theprevalent IoTWCT’s
whicharerepresentedbytheliteralQasWifi(Q1),Bluetooth(Q2),BluetoothLowEnergy(Q3),Z
wave(Q4),NearFieldCommunication(Q5),Zigbee(Q6),ANT(Q7),DASH7(Q8),HomePlug(Q9),
EnOcean(Q10),LoRaWAN(Q11).Wehaveratedthese7attributesonascaleof0to9foranIoT
applicationforalltheavailableWCT’sasshowninTable2.Assimilartypeofapproachwasfollowed
byconsideredbyKondratenkoet al.(2018)intheirworkonselectingtherankingparameters.

ReSULTS

Theabove-mentioned rankingcriteria’snamelySimpleAverageRanking (SAR),HasseAverage
Ranking(HAR)andAbsoluteReference(AR)havebeenappliedonalltheavailabletechniquesin
Table2basedonthesevenevaluationparameters.Therankingofthesemodelsforthethreeranking
methodsisgiveninTable3.Themodelshavebeenrankedbasedonabsoluterankinginthistable.It
isevidentfromtherankingtablethatallthethreemethodsaregivingdifferentrankingtodifferent
WCTsduetotheirinherentevaluationtechnique.HereSimpleadditiverankingprovidesabasicranking
focusedonweighingeachcriterion,Hasseaveragerankingusesposetsandaveragerankingtofind
therankingandisabletoidentifythethreelevelsofranksthatmaybeassignedtodifferentWCT’s.

Figure 3. Process of Identifying the most suitable WCT for IoT Application

Table 2. WCT’s and attribute weights

WCT/Att. P1 P2 P3 P4 P5 P6 P7

Q1 7 9 4 3 5 6 5

Q2 4 4 7 9 4 8 6

Q3 5 4 2 4 8 8 4

Q4 8 9 7 8 6 7 5

Q5 3 4 8 7 9 5 6

Q6 1 5 6 6 6 4 3

Q7 7 3 8 7 7 8 4

Q8 9 2 9 3 2 5 8

Q9 5 6 8 3 4 4 1

Q10 7 8 4 8 2 5 6

Q11 4 4 8 4 6 3 7
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Whiletheabsolutereferencecalculatesthefinalrankingbasedontheeuclideandistancefromthe
meanvaluefordifferentdecisionparameters.Thefinalrankingofvariouswirelesscommunication
technologiesbasedonAbsoluterankingsrepresentedbyFigure4.TheWCTQ4i.e.Zwaveranks
thebestWCT’saspertheweightagegiventoitsvariousattributes.

CoNCLUSIoN

Wehaveevaluatedtheavailablewirelesstechniquesforrandomapplicationenvironmentsandused
7parameterstodecideonthechoiceofaparticularWCTamongoptionsforimplementationofa
particularInternetofThings(IoT)application.Thisapproachmaybeappliedtomakeaninformed
decisionontheselectionofanappropriatetechnologybasedonvariousattributeswhichareinherent
requirementfortheimplementationofanyapplication.Variousattributeswhicharerequiredforany
wirelesscommunicationtechnologytobeimplementedhavesomeofthematchingparametersas

Table 3. Ranking of WCT’s with multiple ranking techniques sorted by absolute reference

Rank WCT SAR HAR Absolute Reference

1 Q4 0.700 0.800 1.000

2 Q10 0.528 0.500 0.678

3 Q7 0.585 0.500 0.646

4 Q2 0.542 0.500 0.635

5 Q1 0.485 0.300 0.631

6 Q5 0.557 0.500 0.567

7 Q6 0.314 0.300 0.512

8 Q3 0.485 0.500 0.500

9 Q9 0.328 0.500 0.492

10 Q11 0.471 0.500 0.473

11 Q8 0.499 0.500 0.407

Figure 4. Absolute ranking of various technologies based on 7 attributes
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showninTable1,insuchsituationthemethodologyproposedinthisresearchwouldbehelpfulfor
findingouttheactualrankingofthevarioustechnologiesintermsoftheuserneedsetforaparticular
IoTapplication.Threemulticriteriadecisionmakingtechniqueshavebeenexploredhere.Allthe
techniquesconsidertheparticipationofsomequantumofthedecidingparametersintheirrankingof
theWirelessCommunicationTechnologies.TheHasseAveragerankingtechniqueusedheretypically
isadiscretemathematicsapproachtorankusinggraphicalstructuresandgiveequalweightageto
eachparticipatingobjectinthecomparisonsanddrawarelationofhierarchyamongvariousobjects
undercomparisonhavingmultipleattributestocompareatthesametime.Thesetechniquescanbe
veryinstrumentalinmakingaresolutiononevolutionofWCT’sfortheselectionoftheapplications
ofInternetofThings.AsIoTisanemergingfieldandthereisalotofeffortbeingmadetocomeout
withastandardsetofprotocoltoleveragethetechnology,insuchscenariothismethodologymay
providemoretrusttotheapplicationdesignerswhilemakingachoiceontheWCT.Themethods
explored in this researchworkmaybeused indrawing inferencesformakingothersuchcrucial
decisionswheremultiplecriteriadecisionmakingisrequiredanditisverycriticaltoignoreanyof
theattributeparameters.

ThroughthisworktheauthorshaveproposedamethodologywhichcanbeusedforWCTadoption
inIoTstilltheremaybesomelimitationswhichcaninfluencethesedecisions.Theprioritiesassigned
byexpertstodifferentparametersfordifferentWCT’smaybebiasedduetovarioustechnological,
financialandpersonalfactors.ThismayfinallyleadtoselectionofinappropriateWCTforthewireless
applications.Soweneedarationalallocationofprioritiestovariousattributesforthis.Thereisaneed
forstandardizationofratingforvariouscomparisonparameters.Onemoreimprovisationthatcanbe
addedasafuturedimensionalextensioninthecurrentproposedmethodologyisrankingbyweights.
Wecanassignweightstovariouscriteriaandallocatethemprioritywhilerankingwhichwillmake
theselectionofWCTevenmorerational.Higherweightsmaybeassignedtothoseparameterswhich
havemajorroleintheperformancemeasurementandfeasibilityoftheIoTapplicationandlowerto
thosewhoseroleislimitedcomparedtotheothers.
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