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SORT:
A System for Adaptive Transmission of 
Video Over Delay Tolerant Networks
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ABSTRACT

Inchallengingenvironments,opportunisticnetworkscanprovidelimitedcommunicationfeaturesina
delaytolerantmanner.Itisextremelydifficulttotransmitlargedatalikevideosinsuchenvironments,
asdelaymaybehoursandpartoftheinformationmaybelost.Thisarticleproposesanovelsystem
thatusespartialinformationfrompriorcommunicationtoestimatethenetworkcongestionanddelay.
Thevideoiscompressedandpacketizedusingscalablevideocoding(SVC).ExtensionstoSpray-
and-Waitroutingprotocolsareanalyzedtoensurebetterdeliveryvideoqualityandlowerwastage.
Throughsimulation,includingreal-worldtraces,performanceoftheproposedsolutionsundermultiple
scenariosisevaluated.Experimentalresultsshowthatadaptivecontrolreducesoveralldelayand
minimizeswastagewhileimprovingthequalityofvideoatthereceiver.AdaptiveSVCtransmissions
demonstratealmostthreetimesincreaseindecodedcontent,ascomparedtonon-SVCtransmission.
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1. INTRODUCTION

Wireless ad-hoc networks and mobile ad-hoc networks (MANET) can have network partitions,
becauseofnodemobility.Delayanddisruptiontolerantnetworks(DTN)areasub-fieldofMANET,
wheretheend-to-endconnectivitydoesnotexistonaregularbasis(Fall,2003).Whilemobilitybroke
MANET,thecontactsbetweenmobilenodescompletesthenetworkforDTNovertime(whichcan
beintheorderofhoursorevendaysinsomecases).Insteadofstore-and-forwardtechniques,these
networksrelyonstore-carry-forward.Suchacommunicationapproachmayalsousemultiplereplicas
ofthecontenttoensurebetterdeliveryratesandlowerdelays.Thisreplicationcanleadtoresource
exhaustion(e.g.,bandwidth,storageorpowerincaseofportabledevices).DTNbasedroutinghas
been widely researched (Cao & Sun, 2012), with applications in defense, disaster management
scenario,inter-planetarynetworks,etc.

Similar to theevolutionofnetworks,videocommunication technologyhasalsoprogressed.
Earlydigitalvideonetworkswouldtypicallybroadcastthevideo,forpriorpublishedcontentand
one-waybroadcastofliveevents.DigitalTVofferings(includingdigitalcableTV,Satellite-basedTV
services)areearlyexamplesofthis.Subsequently,asinternetpenetrationincreased,otherplatforms
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likeNetflix,YouTube,etc.,startedprovidingcontentindividuallytoeachuser(i.e.,unicast).Parallelto
this,real-timevideocommunicationalsoevolved,initiallyinone-to-onemodeandlaterinconference
modesupportingmultiplesources.ExamplesofsuchcommunicationplatformsareWebEx,Skype,
FaceTime,WhatsApp,Duo,etc.Inallthesescenarios,endusersviewthevideoonheterogeneous
platformsconnectedoveravarietyofnetworks.Sincethedisplayresolution,bufferinganddecoding
capabilitiesmayvary,theoriginalvideomayneedtobeadaptedfordifferentreceivers.SVC(Unanue
etal.,2011)isoneoftheapproaches,whichusesthemulti-layerencodingofcontent,tosatisfythe
needsofthedifferentnetworkanddevicecapabilities.Thebaselayer(BL)hasthelowestdemands
onresourceswhileprovidingaminimalquality.Additionenhancementlayers(EL)helptoimprove
thequalityofthedecodedvideo,ondevicesthathavebetterresourceslikenetworkbandwidth,screen
resolution,processingpower,etc.

Thereisasignificantincreaseinopportunisticcaptureofcontentinmultipledomainslikelaw
enforcement,disasterresponse,transport,defense,wildlife,agriculture,etc.Herethecommunication
delaymaybeoftheorderofminutestohours.Affordablesmartphonesandotherportabledevices
withintegratedcamerahavehelpedincreasethistrend.Tronoetal.(2015)andShibataandUchida
(2017)haveexploredmultimediaapplications,whicharebothdelayandlosstolerantfordisaster
managementscenarios.

Inopportunisticnetworks,thedestinationmayonlyreceivepartsofmultimediacontent.Further,
the acknowledgments convey information only about that part of the network, over which the
successfuldeliveryofcontentandacknowledgmenthashappened.Suchpathlimitationsmeanthat
boththesourceandthedestinationcanonlygetapartialviewofthenetwork.Thispartialviewofthe
networkisusedtoadaptsubsequenttransmissionfromthesender,tomaintainvideoqualitywithout
overloading thenetwork.Thealgorithmadapts threeaspects forsubsequent transmission–SVC
operatingpoints(i.e.,numberofSVClayerstransmittedbysource);replicationcountfordifferent
layers;andtime-to-live(TTL)fordifferentlayers.Savingsfromtheadaptationcanberedistributed,
byincreasingthecopycountofthetransmittedlayers.Theadaptationispurelyontheendhostand
doesnotrelyonamodificationoftheroutingprotocols.ThispaperusesSpray-and-Wait(SNW)as
theroutingprotocol(Spyropoulos,Psounis,&Raghavendra,2005).

TheproposedsystemisnamedSORT(SNWbasedadaptivevideotransmissionusingoperating
point, replicationcountand time-to-live).Forscenarioswhere it is feasible tohavemedia-aware
networkelements (MANE) (Schierl et al., 2007), authors implemented layer awareness toSNW
routingforallnodesandanalyzeditsperformance.

Thisworkextendsauthorspriorwork(Thakur,2020).Theadditionalcontributionsofthispaperare:

1. Experimentsandanalysisofoverheadsandbufferoccupancy;
2. ExploretheimpactofextensionstoSNWroutingprotocolsonSVCmediaflow;
3. Analysetheimpactofdifferentscenarios(includingmobilitypattern,loadandnodedensity)on

SVCmediaflows.

Thisworkcanbeappliedtomultipledomainsthatmayneedopportunisticvideocapture.For
largetransitionarygatherings,theopportunisticallycollectedvideoprovidesexcellentinputfortrend
analysis,includingposteriormonitoringandinvestigations(Trono,2015).Monitoringofevents
inremotelocations(e.g.,electionsorexamsinsparselypopulatedareas)isanotherapplication
wheresuchanapproach,backedwithtamper-resistantlocalstorageforfewhourscanprovidean
efficientenhancementforensuringthatnomalpracticestakeplace.Thisworkcanalsobecoupled
withenergysavingapproacheslikethoseproposedbyCelebietal.(2019),forinfrastructurebased
dense5Gsolutions.

Thestructureofrestof thedocument isasfollows:Section2isanoverviewofscalable
videocompressionsandpriorworkdoneregardingthetransmissionofvideooverdelaytolerant
networks.Section3presentsthedetailsoftheproposedsystems.Section4coverstheexperimental
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