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ABSTRACT

Underwaterwirelesssensornetworkshavebecomeenablingtechnologyfortheseawaterexploration.
Sincetheyraisenumerouschallengesandproblemssuchas their limitedbatteryandbandwidth,
energy-constraint, 3D deployment, and temporary losses of connectivity or link failure, in this
paper,apredictiveandpreemptivecross-layerprotocolCLPP-VBFisproposedbasedonthevector-
based forwarding protocol (VBF) for UWSNs, aimed to predict a future loss of connectivity or
linkfailureproblemsusingtheLagrangeinterpolationmethod,avoidingunnecessarytransmission
andrediscoveringanothernewforwardernodeinordertoguaranteethedatapacketstransmission
reliability.Theapproachisacooperationbetweenthemediumaccesslayer(MAC)andnetworklayer.
Thestudyhasbeenimplementedandevaluatedusingthewell-knownNS2networksimulatorwith
anextensionAqua-sim;thesimulationperformanceshowsthemeritofCLPP-VBFagainstVBFin
termofdeliveredpackets,averageend-to-enddelay,andenergyconsumption.
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INTRodUCTIoN

Theexplorationofoceanresourceshaspaidmoreattentionofseveralscientificresearchersinthose
lastcenturies(Yuetal.,2015).Thevariousapplicationoftheunderwaterwirelesssensornetwork
UWSNshavebecomenowaverycommonandwidespread(Khasawnehetal.,2018).Duetomany
advantagesthatUWSNscouldbroughttohumansociety,suchastheaquaticenvironmentmonitoring,
naturaldisturbancesoftheocean,disasterpreventionandwarningssuchasseismicactivity,assisted
navigation forship toprevent fromdangerous rockandmanyothers (Hanetal.,2015) (Basitet
al.,2015).Since themarineenvironment isconsideredasa largeschemewhere thedeployment
ofsensorsare in3-Dimensionalpatterns (Khanetal.,2020),anddue tomanysea factorssuch
aswatercurrentandpressure,thegreatnessoftheocean,thesignalabsorption,andtheirlimited
bandwidthandbatteries, (Ahmedetal.,2017),UWSNsencountermanychallenges (Fengetal.,
2018),highpropagationdelay,highnoiseandinterference(Khanetal.,2020),batterydepletion,the
costlydeployment,frequentchangesofsensornodespositionthatcanaffecttheirlocalization,the
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temporarylossesofconnectivityandpathsorlinkfailureproblemscausedbythesensormobility,
orsignalattenuation(El-Rabaieetal.,2015)(Jan,K.U.andJan,Z.,2014),thosecitedissuescan
affectanddegradestheroutingperformance.Duetothemobilityofsensors,anodecanmoveout
therangethatcanaffectthenetworktopologycausingacommunicationlost(Wangetal.,2016),in
thiscasethisnodewillbeconsideredasdisconnectedorunavailable.Thisstudyhasbeenfocused
onthelinkfailureprobabilityissuethatcanbecausedbythemobilityofnodesinamajortimeor
watercurrent,todistinguishfromtwosituationsthatcanoccursandcorroboratetheprobabilityofa
futurelinkinterruption:Firstwhenanodeismovingoutthetransmissionrangeofthesendernode
alinkfailurecanbesubmerged,secondthenodecanmovefarthesenderrangeandcanregainsit
currentposition,forthatacross-layermechanismhasbeenproposedandimplementedtoexplore
theadvantagesofthetwolayer:MAC-layerandNetworklayer,thepurposeistodetect,predictand
preventifalossofconnectivitywilloccurs,orthenodecansimplyregainitoldpositionandbecame
nearthesender,byusingapredefinedthresholdzonePZTHandthewell-knownformulaLagrange
Interpolation,Themethodisdividedintothreephases:

1. Thedeterminationphasewherethesensornodehastodetermineitbelongingstothepipelineand
thesourcenodetransmissionrangeusingtheorthogonalprojectionandtheEuclideandistance
respectively.

2. ThepredictionphaseofalinkfailureprobabilitybyusingtheLagrangeInterpolationformula,
ourapproachverifiesifthenodewithinthepredefinedthresholdzonePZTH,couldmoveoutside
thetransmissionrangeoritcanregainitlastpositionandcontinueitforwardingprocess.

3. Therediscoveringphasewherethepolicyoftheforwarderselectionismodifiedinsuchaway
thattheconcernednodewillnotforwarddatapacketsinacasethatitismovingoutthesender
range,andanotheravailablenodenearthesenderwhichdoesnotbelongstothePZTHzonewill
beelectedasthenewforwarder.

Thepaperisorganizedasfollows:Firststartbypresentingrelatedworksinsection2,Thisis
followedbyabriefdescriptionoftheVBFroutingprotocolinsection3.Theproposedprotocolis
presentedinsection4anditsperformanceisevaluatedandcomparedwithVBF.Finallyweconclude
thepaperandpresentsomeperspectivesinsection5.

ReLATed WoRKS

SeveralproposedapproacheswereconductedtoaddressthelinkfailureissuesinUWSNs.Sincethe
mobilityorfrequentmovementofnodesandtheirdeploymentin3Dwaycanaffectnetworktopology
andperformance.In(Hanetal.,2016)researchersproposedalocalizationbasedroutingprotocolfor
adynamicUWSNsinwhichnodesfrequentlychangepositionsandcanmoveouttherange.Their
methodaimstoselectthesuitablecandidateroutewithanewforwardingmechanismbasedonthe
VBFroutingprotocol. In (AgarwalandRakesh,2017), theauthors focuson thenode’smobility
issuesbydividingthewirelessnetworkintofourquadrants.Theproposedapproachisbasedonan
Arcmovementtoevaluatehownodescancommunicatewitheachother.Datapacketsaretransmitted
onlyiftransferringtimeislessthanapredefinedthresholdanditisdependingalsoontheEuclidean
distancebetweenthenodeswithinthenetworkIn(HwangandKim,2008),sincethebasicVBFdoes
nottakeintoconsiderationthelinkquality,thereisnoanaccurateguaranteethatdatapacketsareall
delivered,adirectionalfloodingbasedroutingprotocolhasbeenproposed,thetechniqueuseapacket
floodingbynodeswhicharecontrolled,andtheselectedforwardernodesdecidetoforwardaccording
tothequalityofthelink.In(Hanetal.,2016),duetothefrequentpositionchangeofsensors,bythe
movementcausedbywatercurrentorthemobility,nodecanmovesoutthepipelineandaffectthe
achievingdatapackets,basedonhierarchicalspreadinglocalization,andbydividingthenetworkinto
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