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ABSTRACT

Inthisarticle,theauthorsproposeanewapproachtomeetvariousQoSrequirementsfromdifferent
kindsoftraffic;thus,maximizingnetworkutilization,whileimprovingitsperformance.Theauthors
designanobjectivefunctionbasedonantcolonyoptimization(ACO).Theauthorsusethedelay,
energy,packetloss,andmemoryastheroutingmetricofthenodesinthepreferredparentselection
processfortheRPLprotocoltobuildtheDODAGstructure.After,theauthorsimplementitinan
experimentaltestbeddeployedinrealscenarios,andthentheauthorscomparetheresultswithRPL
basedonETX.

KEyWoRdS
IoT, LLNs, Performance Evaluation, QoS, RPL Routing Protocols, Test Beds

1. INTRodUCTIoN

LowpowerandLossyNetworks(LLNs)arenetworksofembeddeddevices,suchassensors,thathave
limitedpower,memory,andprocessingcapability(Hatem,Safa,&El-Hajj,2017).Theselow-cost
devicesareoftenbatteryoperatedandcanonlyhandlelimitedamountsofdata.Duetotheembedded
natureofthesedevices,theyaresubjectedtoahighvarianceofenvironmentalfactors,interference,
andnoise.Networkprotocolsmustbedesignedtooperateeffectivelyinwhatisreferredtoasa“lossy”
environmentwheretransmittedmessagesareoftenlost(Maria,2010).Thegrowingimportanceof
LLNbecomesapparentwhenyoulookathowLLNnetworkswillbeused.Applicationsinclude
theInternetofThings(IoT),MachinetoMachine(M2M)communications,andSmartCity(Adjih,
Baccelli,Fleury&al.,2015).Inotherwords,thenumberofdevicesthatconnectthesenetworks
willbeinthetensofbillions.UsingIPasthecorenetworkprotocolforLLNhasdistinctbenefits
(Afanasyev,O’Rourke,Hu&Kusy,2010).Mostimportantisthatitenablesthesedevicestoconnectto
theInternet.LLNsareunderpinningtheevolutiontotheInternetofThings.Manyapplicationsrequire
thesensornetworkparadigmtoberethoughtinviewoftheneedformechanismstodelivercontent
withacertainlevelofqualityofservice(QoS).Sincetheneedtominimizetheenergyconsumption
hasdrivenmostoftheresearchinsensornetworkssofar,thereisaneedtocreatemechanismsto
efficientlydeliverapplication-levelQoS,andtomaptheserequirementstonetwork-layermetrics
suchaslatencyordelay.TheROLLworkinggrouphasproposedseveraldraftstighteningthedesign
oftheRPLprotocol.However,therearestillseveralissuesthatareleftopenforfurtherinvestigation.
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AlthoughRPLisstillinitsearlydays,severalresearchworkshavetackledsomeoftheseopenissues.
WeproposeanewapproachtomeetvariousQoSrequirementsfromdifferentkindsoftraffic,thus
maximizingnetworkutilization,whileimprovingitsperformance.Theremainderofthispaperis
organizedasfollows:InsectionII,theRPLspecificationisintroduced,includingrelatedmessage
formatandmainoperations.SectionIIIpresentsthedesignoftheproposedobjectivefunction.Section
IVpresentsexperimentalevaluationoftheproposedapproachandthenwecomparetheresultsof
experimentsperformedwiththeRPLbasedonETX.Finally,itendswithaconclusionandfuturework.

2. RPL SPECIFICATIoN

RPL is a distance vector routing protocol for the LLNs which describes a method of
constructionofalogicaltopologycalledDODAG(DestinationOrientedDirectedAcyclic
Graph)(Mardini,Ebrahim&Al-Rudaini,2017)whichuseanobjectivefunctionandaset
ofmetricsandconstraintsseenFigure1.Theobjectivefunctionisbasedonacombination
ofmetricsandconstraintstocalculatethe“betteracceptablepath”(Zhao,Kumar,Chong,
&Rongxing,2017).TheRPLmessagesgenerationisbasedonatimer.Additionally,nodes

Figure 1. Creation of Upward Routes in RPL. (a) Step 1: Initial DIO Propagation, (b) Step 2: Route Establishment & DIO Propagation, 
(c) Step 3: Route Establishment & DIO Propagation, (d) Step 4: Resulting DODAG.
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