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ABSTRACT

Wireless sensornetworks (WSN)are an adhocnetworkconsistingofminiaturized autonomous
sensorsthatcommunicatewitheachotheroveraradiolink.Inthispaper,theauthors’contributionisa
cross-layerapproach.Toachievethisapproach,theauthorsproposedinthefirstpartanimprovement
ofLEACHalgorithmnamedWEIGHTED_LEACH.ThisalgorithmisanenhancementofLEACH
byinsertingnovelfactorsinthethresholdequationinordertochoosethebestnodetobeCHby
competitivenessstrategy.Inthesecondpart,theauthorsproposeanewadaptablecross-layerdesign
realizedbyproposedalgorithmandAODVprotocolwithcrosslayerinteractionalgorithm.Thisis
animprovementbythecontrolofdatafusioninthenetworkusingmulti-hoproutingbasedonweight
metricdeductsfromrelativeparametersofnodesuchRSSI,SINR,residualenergy,anddistance.A
comparativeanalysisbetweenWEIGHTED_LEACHandLEACH,shownfordifferentconfigurations
theefficiencyofthepropositionintermsofenergysavingandlifetimeofWSNcluster,areevaluate
undertheNS2simulator.
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INTRodUCTIoN

Inrecentyears,withtherapiddevelopmentofcommunicationandsensortechnologies,Wireless
SensorNetworks(WSN)areemerginginmanyindustrialandconsumerarea.

(WSN)isagroupofstaticsensornodeswhichgatherinformationanddelivertothebasestation.
InWSNsensornodesdeployedtomonitorvariousphysicalandenvironmentalparameters.Duetofast
developmentinmobileInternettechnology,mobilewirelesssensornetwork(MWSN)hasbecomea
popularfieldofresearchandreplacementofstaticWSN.

Thisarticle,publishedasanOpenAccessarticleonMarch32021inthegoldOpenAccessjournal,InternationalJournalofWeb-Based
LearningandTeachingTechnologies(IJWLTT)(convertedtogoldOpenAccessJanuary1,2021),isdistributedunderthetermsofthe
CreativeCommonsAttributionLicense(http://creativecommons.org/licenses/by/4.0/)whichpermitsunrestricteduse,distribution,and

productioninanymedium,providedtheauthoroftheoriginalworkandoriginalpublicationsourceareproperlycredited.
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MWSNisacollectionofmobilesensornodesthataimtosensedatafromtheenvironmentand
effectivelydeliverthebasestation.

MWSNcanbeclassifiedintothreetypes,whichareasfollows:

• Mobilebasestationandmobilesensor;
• Mobilebasestationandstaticsensor;
• Staticbasestationandmobilesensor.

BACKGRoUNd

Wireless Sensor Environments
Wirelesssensornetwork(WSN)isadevelopingtechnologythatimprovestheresourceutilization
invariousfieldssuchashomeautomation,e-health,smartgrid,precisionagricultureetc.Itconsists
ofsensordevices,whichworksautonomouslywith itssensing,communicationandcomputation
capabilities.Inmostofthesensornetworkapplicationsthenodeswillbedeployedinremoteareas,
soreplacingthebatteryoftenisimpossibleinmanyWSNscenarios.Henceenergyisconsideredas
avaluableresourceinresourceconstrainedwirelesssensornetworks.

WSN communication suffers from various problems with Self-organization nodes, and
environmentobstacles.Toensurethebestperformanceofnetworkitisnecessarytotrytosolvethe
problemsofunreliabilityoflinks,andtoavoidsuccessiveretransmissionofpacketinordertoreduce
theenergyconsumptionateachnodetoitstaskofroutinginotherwordsminimizingtheroutefailed
re-selection.

Consequently, theevaluationspecifies thequalityof link,minimizetheerrorsandmakethe
interchangeabilitybetweennodesmoreeffectivetosolvetheproblemsimposedbytheunreliabilityof
links.Toovercometheseproblemsoflayersmodules,mostresearchersproposedcrosslayerdesign.

TheaimofCross-layerdesignistoimprovetheperformanceofalllayersandsharekeyparameters
betweentheselayers.

WholesystemperformancecanbeimprovediftheMACcangetparameterfromthePHYabout
whenandhowthenoiselevelischanging,asaresulttheMACcanscheduletransmissionduringthe
periodsoftimeinwhichnoiselevelsarelower.

AllprotocolsproposedinWSNhavetotakeintheiraccountthebasicinherentcharacteristicsof
thenetworkwhichare:dynamictopology,variablelinkcapacityandbandwidthconstraints,energy
constraintsnodesandmulti-hopcommunications.Allthesecharacteristicsareseriouslychallenged
theOSIlayerdesignwhichischaracterizedbythemodularity(Kawadia&Kumar,2005),andpermit
tocreateanewmethodologynamedCross-layer.Cross-layerdesignreferstoanoptimizedapproach
designdonebyallowinglayerstoexchangestateparameterinordertoobtainperformancegains.The
sharingofparameterenableseachlayertohaveglobalpicturesoftheconstraintsandcharacteristics
ofthenetwork.Basically,thecross-layerdesignenablesthenetworkprotocolsandtheapplications
toobserveandrespondtothechangingnetworksandchannelconditions(Rappaport & al,2002).

Wecanclassifythesharedparameteroflayersas:

• Physical Layer Parameters (PLPs):Byfocusingontheeffectsoflinkquality,powercontrol,
aharmonizationbetweenMacandphysicallayerisinvestigated.Forexample,giventhecurrent
channelstatecondition,theMACprotocolmayadjustsomeparametersinordertoreducethe
energyconsumption.

• Mac Layer Parameters (MLPs):Thelinklayerhasnotificationmechanismsincaseofabsence
oftheacknowledgepacketorthecleartosend(CTS)packetwhichpermitthenetworkprotocols
toresearchnewerroutesandupdatetheirroutingtable.



International Journal of Web-Based Learning and Teaching Technologies
Volume 16 • Issue 2 • March-April 2021

3

• Network Layer Parameters (NLPs): In the route discovery process the network layer can
usetheparameterofthereceivesignalstrengthtochoosereliablelinkstoformstableroutes
bymonitoringthesignalqualitytojudgewhethertheneighborsareapproachingorleaving(B 
Ramachandran & S Shanmugavel, 2008).

• Thesessionlayerparameters(SLPs),thetransportlayerparameters(TLPs)andtheapplication
layerparameters(ALPs)oftheOSImodelarenotconsideredinourwork.

Cross Layer Adaptation Approach
Byexploitingcross-layerinteractions,researchershopetodevelopanewframeworkthatwillhelp
tosolvesomeofthedifficultiesinherentinWSNs.

RecentresearchintocrosslayerdesignhaslookedtooptimizedifferentaspectsoftheWSN;
theseapproacheshavebeen:

• Using cross layer design to improve the power efficiency of WSNs, thereby increasing the
networklifetime;

• OptimizingsystemthroughputinhopesofmakingtheproblemofscalabilityofWSNstractable;
• SatisfyingQoSrequirementsofWSNs;
• Improvingresourceefficiency.

Quality of Service in Cross-Layer Approach
QoSroutingundersevereconstraintsisamechanismthatcreatespathsintheWSN,thenselectsand
maintainspathssatisfyingQoSrequirementsforthepacketflows,subjecttoresidualpowerreserves
atnodesandalongpaths,basedontheavailablenetwork“quality.”

Itgroupsresourceparametersandperformancemetricsassociatedwithprotocollayers,i.e.,the
application,network, link/mediumaccesscontrol (MAC),andphysical (PHY) layers, thenmaps
themtodataclasses.

(Braden, Clark & Shenker, 1994), (Blake, Black, Carlson, Davies, Wang & Weiss, 1998),
(Nikaein,Bonnet,Moret,Rai,2002),&(Nikaein,Bonnet,2003)theseapproachissuggestedbythe
strictdependenceofQoSonnetwork“quality,”i.e.,interactionandstabilityofresourcesonroutes
andatintermediatenodes.SomeQoSmetricsareexpressedintermsofinterrelatedparameters,e.g.,
RSSI,SINR…

According to (Acampo & Naghshineh, 1994), QoS metrics to which they have the highest
correspondence,isindicatedinFigure1.

Qualityinthephysicallayeriscorrelatedtotransmitpower,channelcodeselection,packetrate,
modulationtype,andantennamode.Asphysicallayerparameters(PLPs),theseinfluencebattery
conservationandnetworklifetime,eitherdirectlyorindirectly.

IntheNetworklayer,QualityisrelatedtoNetwork-layerfunctionsincludefastsensor-to-sinkpath
reservation,packetstoreandforwarding,congestioncontrolsuchaslow-prioritypacketdropping,
andotherroutingandflowcontroltasks.Accordingto(Hortos,2009),mappingfromQoSmetrics
andenergy-relatedmetricstothedifferentlayersisveryimportantincrosslayerapproach.

MAIN ISSUE ANd SoLUTIoNS

Topology Issue
InMWSN,themobilityofnodes,theobstaclesandtheenvironmentconditionsproducesfrequent
changesof topologyandunmanaged traffic flowwhich increasesconsequently linkbreak in the
activepathanddroppingofpacketsduetoqueueoverflow.
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Themotivationforthisresearchworkarisesfromtheknowledgegainedbyliteraturereview
andscopeofimprovingWSNclustersbysuggestingsomechangestotheclusteringprocesswith
introducingcompetitivenessapproachinthefirst,suggestingsomechangestothepathdiscovery
processofAODVforimprovingreliabilityandefficiencyofmobileWSNinthesecond,andproposing
crosslayeralgorithmtocollaboratelayersprotocolsintheend.

Solutions and Recommendations
Protocol Design and Implementation
LEACH(low-energyadaptiveclusteringhierarchy)isanenergyefficientclustering-basedprotocol
(Limin, Jianzhong & Chen,2005), Clustering process is executed continuously and circularly in
LEACH,andeachroundcanbedividedintotwostages:Theset-upstageofclusters;thesteady-state
stagefordatatransmissionclusters.Intheset-upstage,itwouldgenerateoneormoreofrandom
clusterheadsbasedonthethresholdT(n)informula(1),andeachclusterisformeddynamicallyby
theadjacentnodes.Insteady-statephase,clusternodessenddatatoclusterheads.Thenthedatawill
besenttothebasestationafterdatafusion.Thewholeprocessiscompleted.LEACHprotocolcan
ensuretheprobabilityofeachnodeasaclusterhead,sotheenergyconsumptionofthenetworkis
relativelybalanced:
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Informula(1),Prepresentspercentageoftheclusterheadinallnodes;rindicatesroundsof
theelections;rmod(1/P)explainsthenumberofnodesoftheclusterheadiselectedinacycle;G
representsnodecollectionwhichhasnotbeenelectedasclusterheadinthisround.

(SHAN,DONG,LIAO,SHAO,GAOandYang,2013)presentan improvementonLEACH
protocolbyaddingfactorsofdistanceandenergyonthresholdequationtoincreasethelifecycleof
network.

Figure 1. QoS metrics
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LEACHprotocolhascertaindisadvantages:

• Intheelectionofclusterheadsandtheestablishmentofclusters,theresidualenergyofcluster-
headnodesisnotconsidered.Ifyouselectthelessenergynodesastheclusterhead,itgreatly
reducesthenetworklifecycle;

• Clusterheadscommunicatewiththebasestationdirectly.Thefartherawaythedistancebetween
headsis,themoreenergythenodeswillconsume.

TheprotocolisproposedtoovercomelimitationsofconventionalLEACHtoimprovethelifetime
andreducetheenergyconsumptionoftheWSN.Theproposedenhancementisachievedbyinserting
novelfactorsinthethresholdequationinordertochoosetheoptimumnodehavinghighresources
tobeClusterHead(CH).Thenovelproposedparameterstobeinsertedareresidualenergyofnode,
distancebetweennodeandbasestation,theReceivedSignalStrength(RSSI)whichisrelatedtothe
communicationpassdistanceandSINRthatreflecttheeffectofcommunicationchannelnoiseand
interference.

The Improved Leach: weighted_leach

Protocol Design Metrics
TheSINR,RSSI,distanceandresidualenergyareusedforImprovementofcompetitivenessinCH
election.
SINR Metric
SINR(signalto-noiseratio)isanimportantparameterinthephysicallayerofthenetworkwhich
measuresthequalityofalinkinWSN.NetworknodesthathavethebestSINRwiththebasestation
shouldhavetheprioritytobeCH,asthiswilldecreasetheprobabilityoflinkfailureduringsending
orreceivingdata.

SINRontheWSNoperationisembeddedasaratiowiththresholdformulaofLEACHclassic
indicatedinformula(1).

RSSI Metric
InpracticalWSN,obstaclesandenvironmentsconditioncanbedecreasedatatransmissionusing
radiotransmissionpowerRSSIofanodeisoneoftheparametersthatshouldbeaddedtothreshold
formula(1)ofLEACHclassic.

Mostresearcherstakethedistancebetweentwonodesastheeffectivefactorinenergyconsumption
butthisisnottrueinallsituations,becauseifthereisbadenvironmentconditionorobstaclesinside
WSN,RSSIwillbelow.Forthisreason,RSSIismoretakeinaccount.ThenodewiththebestRSSI
toBasestationarehighchancetosavemoreenergyinthetransmissionofitscollecteddatatobase
stationandtoavoidreceivingandsendingfailure.

Residual Energy
(Bayarkli,Erdogan,2012)haveusedthisparameterduringtheCHsselectionphasetobalancethe
load(energyconsumption)betweennodesinordertoprovideastablestructureandtoincreasethe
network lifetime.According topaper (Sheta,Mahmoud,Abdelwahab,Elaraby,2015),Themain
constraintthataffectsthepracticaldesignofWirelessSensorNetworks(WSNs)isthenetworkenergy
asnetworknodeshaslimitedresourcescapabilities.(Sheta,Mahmoud,Abdelwahab,Elaraby,2015)
proposedenhancementontheconventionalLEACHbyinsertingaremainingorconsumedenergy
asfactortotheconventionalthresholdequation.ThisfactorofeachnodemaketheselectionofCH
dependsonthenodesenergystatusinformation.CHcandidatethathavethehighenergyassurean
enhancinginnetworklifetime.
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Distance
The distance between nodes is also a very important criterion in the CHs selection phase. This
parameterinfluencesthetransmissionpowerandthenumberofhopstoreachthedestinationand,
consequently,theenergyusedtomakethetransmission.

Optimized Threshold Equation for CH Selection
Accordingtoformulaofpaper(Jian&Dandan,2013),wehaveconsideredotherparameterslikethe
residualenergyofnodes,theRSSI,theSINRandthedistancebetweenthenodeandthebasestation
whenweselecttheclusterhead,ourimprovedthresholdT’(n)expression:
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En−currepresentsresidualenergynodeinthecurrent;Et−curstandsforallnodesintherestofthe
totalenergyinanetwork;dmaxindicatesthemaximumdistancebetweenthenodeandthebasestation;
dnsexplainsthedistancebetweennodeandthebasestation;dminrepresentstheminimumdistance
betweennodeandthebasestation;RSSIrepresentsthestrengthofthereceivedRFsignalofanode,
SINRrepresentsthesignalto-noiseratio.

w1,w2,w3andw4areconstantsweight indicating the importanceof its relevant factor.The
summationoftheseconstantweightsisunity.

MainAlgorithm

Phase 1 
INPUT: 
Nodes Nodes{State S, Energy E}, 
Threshold Threshold, 
Res_Energy for each node, 
RESULT 
Eligible nodes 
BEGIN 
Neighbor_Table_Distance = [] 
Neighbor_Table_Weight= [] 
For each NODE in Nodes do 
Res_Energy= Calculate-Energy(N,Energy) 
Rssi = Calculate-Rssi-metric(N) 
Sinr = Calculate-Sinr-metric(N) 
Neighbors = Find-Neighbors(Nodes,N) 
Distances = Calculate-Distance(N,Neightbors) 
Weight = Calculate-Weight(N, Rssi, Sinr,Res_Energy) 
Update-Neighbor-Tables(N,Weight,Distances) 
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End for 
Neighbor_Table_Weight= Rev_Sort(Neighbor_Table_Weight) 
Neighbor_Table_Distance = Sort(Neighbor_Table_Distance) 
[Eligible_Nodes, Not_Eligible_Nodes] = 
Apply-Threshold(Threshold,Neighbor_Table_Weight,Neighbor_Table_
distance) 
Activate (Eligible_Nodes) 
Sleep(Not_Eligible_Nodes) 
END 
Phase 2 
INPUT 
Eligible_Nodes NODES{State S, Weight W}, 
Threshold Threshold, 
Weight metric for each node, 
RESULT: 
optimum CH   
begin 
callWeighted_Leach (Eligible_Nodes)
END 
Routing in Weighted_LEACH and adapting PHY MAC NET layers by cross 
layer approach 

Thecross-layerdesignisindicatedinFigure2.
In our proposed cross layer, we have modified the procedures at physical layer to pass the

computedvaluesofRSSI,SINR,andresidualenergytotheMACandnetworklayers.Butbefore
passingtheseparameterstotheupperlayers,itisnecessarytogathertheminonemetriccalculated
bytheformula2asfollows:

f(weight_metric)=Max(weight_metric) (4)

Thecomputedweightmetricarepassedtoroutinglayeralongtheroutingcontrolpackets,where
itisstoredinrouting/neighbortablesandusedinsomedecisionmakingprocess.

Figure 2. Cross Layer design
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Cross Layer Interaction Approach

Algorithm

Set MAC_Prot = Weighted_LEACH 
Set Node = M; // Mobile Node’s 
Set Sender = S; // S € M; 
Set Receiver = R; //R € M; 
Set Routing= AODV 
Initialize radio range = 550m; 
Weighted_Leach_method() 
{ Form cluster; 
 Select cluster head; 
 Periodical_rx weight_metric info from all node’sfrom all 
 node’s Save max_weight_metric node info value Weight_max 
 } 
RREQ_bcast(S, R, pkts) 
If (radio-rng<=550m && cluster-head ==true&& 
max_weight_metric=Weight_max) 
{ 
 receives routing packet and send to next hop; 
 If (receiver ==R) 
{ receives routing packet; 
 Send RREP-packet to sender; 
} 
 Else { receiver not exist ;} 
Else 
 { node out of range or node is died} 
Terminate session;

SIMULATIoN ANd RESULTS

Simulationoftheproposedweighted_Leachwasdoneusingns2.35simulatorsimulationarea(50×50)
m2withBSlocatedatthemiddleofthatarea.Thedetailparametersettingforthesimulationsis
indicatedinTable1and2.

Scenario 1: Impact of RSSI
Inthisscenario,foroneperiodofsimulation,wefixtheSINRmetric,wevarytheRSSImetricand
wemeasureenergy.

SimulationresultsforNumberofalivenodeandNetworkresidualenergywithvariousround
numbersisindicatedinFigure3.

Scenario 2: Impact of SINR
Inthisscenario,foroneperiodofsimulation,wefixtheRSSImetric,wevarytheSINRmetricand
wemeasureenergy.

SimulationresultsforNumberofalivenodeandNetworkresidualenergywithvariousround
numberisindicatedinFigure4.
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TheembeddedfactorRSSIandSINRasshownin thefigureshasagreateffectonthe
networkoperation as it increases thenumberof alivenodes and residual energyof nodes.
Therefore,theadditionofRSSIandSINRtothresholdequationimprovesthenetworklifetime
bycomparedtoLEACH.

Table 1. Simulation parameters

Parameters Description Values

NumberofRound 1000

Numberofnodes 100

Initialenergyofnode 0.5J

En_cur 50nJ=bit

EnergyAware Leach,weighted_leach

RoutingProtocol AODV

Trafficmodel CBR

Packetsize 512bytes

Mobilitymodel Randomwaypoint

Table 2. Different Set of Wi values used in formula (1)

Set Energy Factor RSSI SINR Distance

Set1 0.30 0.30 0.30 0.10

Set2 0.3 0.2 0.4 0.1

Set3 0.4 0.3 0.1 0.2

Set3 0.1 0.4 0.3 0.2

Figure 3. Simulation results for number of alive nodes and network residual energy with various round numbers
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CoNCLUSIoN

Inthispaper,theauthorsstartedtoexamineseveralcross-layerapproachesinthefirst,havepresented
anenhancedclusteringalgorithmtermedWeighted_Leachinthesecond,andpresentedcrosslayer
interactionalgorithmintheend.Theconceptofcross-layerprovidesawidefieldofinformation
exchangebetweenlayers.

StillusingthenotionofleasthopcounttoselectapathmaynotbesuitableforWSNshaving
highmobilityandbadenvironmentalconditionsmakingsomeobstacles,which leads tovarying
distancebetweennodesandthusleadingtofrequentlinkfailureinpaths.Thisleadtothemotivation
forproposingthiswork,inwhichlocalinformation’snodelikedistancebetweennodes,RSSI,SINR
andresidualenergyaretakeninconsiderationduringelectionCHprocessatMAClayerprotocol
andtheiradaptationtonetworklayerbythecross-layerapproach.

ThenewstrategybasedcompetitivenessinclusteringalgorithmatMacLayerandjointlycoupled
withroutingalgorithmatNetworklayergivesavingenergyefficientforWSNcommunicationand
highlifetimeforWSNcluster.

Figure 4. Simulation results for number of alive notes and network residual energy with various round numbers
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