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ABSTRACT

Theunderwaterwirelessacousticsensorsarefacingseveralchallengesduetotheirlimitedenergy
powerthatcansignificantlyaffecttheirnetworkperformances;hence,thedesignofanefficientand
reliableroutingprotocolfortheunderwatersensorcommunicationisbecomingthemainpurpose
fortheresearchers.However,inthisarticle,anewmechanismisproposedtobalancetheunderwater
networkenergyconsumptionduetothefrequentdatapacketforwarding,whereastheprotocoluses
amethodthatisbasedonthehistoricalnodesenergy,wheresensorthatareexcessivelyconsuming
energyareconsideredasoverloadedandcongestednodesandhavetobeexcludedfromtheforwarding
processdependingontheirpriorityvalue.Theimplementationandsimulationhavebeenperformed
using NS-2 network simulator, based on the well-known protocol for the underwater acoustic
communication‘vector-basedforwardingroutingprotocol’.Theresultshasshowntheeffectiveness
oftheproposedmechanismovertheVBFintermsofenergyconsumptionandefficiency,successful
deliverydata,end-to-enddelayandpacketloss.

KeyWoRdS
Energy Variation, ODEC-VBF Routing Protocol, Overload Detection Mechanism, Underwater Wireless Sensor 
Network, VBF Routing Protocol

INTRodUCTIoN

Sincemorethan66%oftheearthiscoveredbywater,principallyoceans,itbecomescrucialfor
humans to explore the oceans for a future development purpose (Nazareth and Chandavarkar,
2020),howevertheirexplorationspresentsagreatchallengesforthescientificresearchersduetothe
greatnessoftheoceans,thepresenceofahighwaterpressure,andpredatoryfish,whichmakesthe
taskdifficulttomanage,hencetheunderwaterwirelesssensornetworkshavebringalargeinterest
tothescientificcommunity,forthevariousapplicationsthattheycanbringsfordifferentfields,such
asoceanssurveillance,disasterprevention,assistednavigation,minedetectionandoceanographic
datacollection(Hussein,2014).Whereastheunderwaterwirelesssensorsareconfrontedtoseveral
challengesthatcansignificantlyaffecttheirperformancesduetotheunpredictableconditionsofthe
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marineenvironment,thelimitationsofUWSNaremainlyfocusedontheirinsufficientbandwidth
andpowerenergy, theirhighsignalabsorptiondue to theuseof theacousticmedium, the large
propagationdelays,deploymentcost,thepresenceofasignificantnoisesandinterference,highbit
errorrates,localizationchallenges,andvoidzones(areaswheretheacousticsignalisnotreachable)
(Bouketal.,2016),henceseveralstudieshasbeenconductedrecentlyinordertosupporttheacoustic
communicationandovercomethepresentissuesinthemarineenvironment(Rahman,2017),while
thosetechnologiesarestillconfrontedtomanychallengesnowadays.Basedonthewell-knownrouting
protocolfortheunderwateracousticcommunication‘VectorBasedForwarding’(VBF)(Xieetal.,
2006),theprotocolthatadoptsavirtualroutingpipelineformedfromthesourcenodetoadestination
nodenamed‘target’anddefinedbyaradiusthreshold,allowsonlysensorslocatedinsidethepipeline
toforwardtheincomingdatapacket,otherwiseitdiscardsit,howevertheprotocolpresentssomelimits,
asthesensorswithinthepipelinearecontinuouslyforwardingthedatapacket,theirenergymightbe
exhaustedwhichresultsinwirelesslinkinterruptionsproblems.Inotherhand,whenasensornodeis
themostqualifiednodetotransmit,forwardsandreceivesdataitbecomesoverloadedinsomehow,the
energyisseverallyconsumedthatmightreducethereceivedacousticsignal,moreoverthedelaytime
issignificantlyimpactedwhichmaydecreasesthesuccessfuldeliveredpacket,hencetheperformance
oftheunderwateracousticnetworkworsen.Thedesignofarobust,efficientandreliablemechanism
topreventfromoverloadedsensorsbecameimportant.Inthispaper,theauthorhasproposedanew
approachODEC-VBF(OverloadDetectionandEnergyConservingroutingprotocol)thatisaimedto
balanceandconservetheconsumedenergycausedbytheoverloadedsensorsinacross-layermanner,
themethodmainlycomputesthevariationenergyofeachsensorinvolvedintheforwardingprocess
basedonitshistoricalenergyinformation,andcompareittoapredefinedthresholdtodetermineif
thecurrentsensorsisconcernedbytheoverload(Aouizetal.,2018),inaddition,amongthemain
weaknessesoftheVBFprotocol,isitssensitivitytotheradiusthreshold,wheremoreefficientpath
couldexistoutsidethepipeline(Nicolaouetal.,2007),hencelackofsensorsinsidethevirtualpipeline
mightaffectthesuccessfuldeliverypacket,forthat,theproposedmechanismtendtopreservemore
theforwardingdatapacket,inordertopreventfromthepacketloss,wheretheoverloadedsensors
thatarelesspriorthanothersshouldnotparticipateintheforwardingprocess,sensorsconcernedby
theoverloadedandaremorepriorcancontinuetoforwardafteracertaintime.Theproposedstudy
wasconductedtoreducetheoccurrenceofcongestionbyavoidingtransmissionthroughoverloaded
sensor,savesmoreenergyandenhancestheacousticnetworklifetime.Thepaperisorganizedas
follows:Firstsomeoftheproposedworksrelatedtothediscussedcontributionarecitedandbriefly
explained.Insection2,theacousticcommunicationmodelsarepresented.Theproblemdescription
and theproposedapproacharedescribedanddetailed in section3.The simulationenvironment
andperformanceevaluationarepresentedinsection4.Finally,theauthorconcludesthepaperby
presentingsomeperspectivesandfutureworksinsection5.

ReLATed WoRKS

Thissectionisaimedtopresentsomeoftherealizedworksandapproachesthatareaimedtodetect
congestionsthroughthenetworkandbalancetheload,someoftheotherproposedworksareconducted
toavoidoverloadinginordertopreserveandconservethesensorsenergyandextendthenetwork
lifetime.

(Goyaletal.,2016)proposedatechniquetocontrolthecongestionandbalancetheloadthrough
thenetwork,wheresensorsareorganizedasclusters,whereeachclusterhasitmemberhead(CH),the
techniqueisaimedtodetectcongestionintraandintercluster,wherethecongestionlevelisbalanced
attheintraclusteraccordingtothebufferoccupancyrateandtheoverflowratemeasurement,and
transmissionrateadaptation,however,theinterclustercongestionisdetectedatthegatewaynode,
wherethetrafficload,thechannelconditionorlinkqualityaremeasured,ifanycongestionisdetected
thegatewaynodedistributesthenthetraffictoasetofotherneighborgatewaynodesinorderto
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