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Abstract. Thetransportof a digital videowith satisfactoryquality over packet networkss still a chal-
lengingissue Video Flows have contentswith differentimportanceduring the coding phase while
padket networksdo not provide native medanismshat can prioritize the more importantcontents.In
this work, we presenta metric of quality that permitsthe evaluation of receivedvideos,qualitatively
andquantitatively We alsoanalyzesomedifferenttediniquesconductedver differentiatedservicenet-
works(padet discad schemesanddataredundancywidely usedin multimediastreaming)to validate
our proposednetric.
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1. Introduction

Nowadaystheuseof digital videois alreadya reality, includingdistributedapplicationdik e VoD, digital

TV, etc. Thevastmajority of theseapplicationsusesvideo codecshasedon ISO/IEC (MPEG)or ITU-T (H.26x)
patternsusingwell-dimensionegbroprietarynetworkswith awell-known traffic shape Ontheotherhand,Internet
andintranetsare becomingcloserand closerto the characteristic®f integratedservicenetworks, wherea great
numberof applicationsun andusethe sameservicemodelandnetwork structure.However, this network model
is not appropriateto deal with applicationsthat usevideo codecs,generatingframeswith differenttypesand
importance like MPEG. This is becausdahereis no mechanisnin the besteffort modelthat givesthis level of
QoS, consideringandprioritizing pacletswith the morerelevantinformation. We have seenin the literature[1]

thatpacletlossedn congestecdhetworksdo not correspondo framelossesn the sameproportion,andthis canbe
obseredthroughanaccentuatedegradationin perceptuafjuality of therecevedvideo.

We found mary worksin the literaturefocusingon the improvementof video transportquality. Shin et
al. [2] proposea device for video paclet delivery, basedon a relatedindex of priority that reflectsthe effect of
the loss propagtion of eachpaclet. Hemy et al. [3] proposethe useof filters in the nodesof the network with
the aim of droppingpacletsselectvely, accordingto theirimportance.The useof drop priority for video paclet
transportatiorhasbeendiscussedn mary articles,and Markopolouet al. [4] andAhmadet al. [5] appliedit
to layeredvideo. Ziviani etal. [6] have shavn a schemafor delivery basedon drop priority (usingone metric
thatimposesa video paclet decodingindex, taking into accountthe codeccharacteristicsandan errorrecovery
schema.

In this article,we try to shav how techniquedbasedn the utilization of differentdiscardlevelsfor video
frames forwardedthroughadifferentiatedservicenetwork (DiffServ),cansensiblyimprove thequality of receved
video basedon a new metric thatevaluateshe quality of receired GOPs (Group Of Pictures- setof framesthat
definesthe temporaland spatialrelations,directly relatedwith the video compressiorfactor), only considering
framesthat are usedduring the decodingphase.This metricis alsousedto evaluatethe transmissiorof a video
streamcontainingredundantiata,with the aim of toleratingsomelossesover the end-to-engath.

Thisarticleis organizedn thefollowing way. In section2, we discusghehierarchicaktructureaswell as
guestiongelatedto packagingof videoflows. Section3 shavs theadoptedapproachesyith theaim of improving
the delivery quality of a video flow, emphasizingvideo paclet protectionmechanismgtaking into accountthe
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importanceof framesduring the decodingphase)anddataredundang. In section4, we presenbour metric used
to qualify andquantify video frames. Section5 presentghe detailsof the environmentandtopologyusedin our
simulations,aswell asthe resultsachiezed with the proposedmetric. Finally, in section6, the conclusionsand
perspectiesof thiswork arepresented.

2. The Structure and Packaging Process of a Video Stream

A videostreamconsistof a sequencef frameswhereeachframeis composeaf a matrix of pixelsthat
describes scene.Thetop-level video codecausetemporalandspatialrelationshipgo generatdrames,andthese
frameshave differenttypesand meaningsiuring the decodingphase.In this contet, we cancite the familiesof
codecsMPEG- Moving Picture ExpertsGroup (MPEGx)andISO/IEC(H.26x). Thestructureof aMPEG stream
is shavn in fig. 1, whereframesaregeneratedn differenttypes(l, P andB). Framesof type | arecodedasan
imagedescribingthe scene.Framesof type P are predictedfrom the lastreferencdrame (it canbe a framel or
P). Framesof type B are predictedbasedon reference®f previous andnext frames(they canbe framesl or P).
Thus,fig. lashavsthestructureof aframe,while the structureof a GOP(fig. 1b)is characterizethy thedistance
betweertwo consecutie | frames(representedly N), andthedistancebetweeran| frameandthefirst P frame,in
thesequencérepresentetty M).
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Figure 1: Hierarchical structure of avideo stream: (a) frame structure; (b) dependencies between frames.

A videoframeis composedsa seriesof slices(in MPEG)andGOB (Group Of Blocks, in H.26x). They
aretransmittedn thetransportprotocolpayload.Theway theseframeslicesaretransmitteds calledpackaging
Generally the packagingechniquetries to maximizeor minimize somemetric relatedwith lossespecausesach
slice of differentpaclet type (I, P or B) transportanformationwith differentmeaningsor the decodingphase.
The corruptionor lossof slicesof typel compromiseshe restof the slicesof othertypes,insidea GOR On the
otherhand,somepackagingechniquesvork with errorrecovery. The maingoalof packagings to producevideo
pacletsaslarge asthey canbe, addressinghe increaseof the relationbetweerheaderinformationand payload.
However, it is not desirableto transmitmorethanoneframein eachpaclet, dueto the increasen the delaythat
this implies. Anotherfactthat we have to take into accountis the minimum size of MTU (MaximumTransfer
Unit) alongthe end-to-endpath, becauseahe useof pacletswith larger sizesthanthe smallestMTU alongthe
pathimpliesfragmentatiorandtheir reassemblygeneratinganadditionaloverhead Theidealsolutionwould bea
minimumor total absencef paclet fragmentationbut only in casesvherethereis no dataredundang.

Consideringhatthe majority of networks, wherethe endsystemsareconnectedareethernet(represent-
ing aMTU of 1500bytes),it is reasonabléo think of usinga paclet sizecloseto 1500bytes,to transporia video
stream. For example,if we choosepacletswith 1450bytes,or 11600bits per paclet, it is feasibleto presume
that mary frameformatscanfit in this paclet. Thus,in the caseof a video generatedvith 10 frames/secthe
resultingbit ratewill be 116000bits/secandusingthe maximumsizeof paclet payload(1450bytes),thiswill be
enoughto accommodata QCIF frametype (176 x 144 pixels). Largerframetypes,like CIF (352 x 288 pixels)
arepossible put with somedegradation.Thesenumberssuggest rule to minimize packagingoverheadandone
frameperpacletis agoodchoice.However, with thisrule, thelossof a singlepacletimpliesthelossof anentire
frame.

Fromthe point of view of errorrecovery, it would be moredesirableo split the codedframeinto a great
numberof paclets,trying to keepthe areaspatially affectedas small aspossible,in the caseof losses.Wenger
etal. [7] proposea schemdor packagingthat usestwo pacletsper frame,addressing trade-of betweenerror
recovery andoverheadeduction.Otherpackagingschemadlik e transportingslicesof differentframetypesin the
samepaclet, aresusceptibleenoughfor lossesjncreasinghe degradationof decodedvideo or evendisalloving

176



its decoding.In the context of this work, we will dealwith MPEG4codedvideos,transportedlirectly over UDP,
with avariablerelationbetweerframe x paclet.

3. The Approaches Adopted to | mprove the Video Delivery Quality

An eventualschemdor digital videotransportatioimustbe ableto distinguishthe moreimportantslices
of informationand prioritize them againstthe lessimportantslicesand non-multimediatraffic. A codecstruc-
ture basedon MPEG and ISO/IEC patternsgeneratesramesof differentsemantidmportancefor the decoding
phase.Thetemporalandspatialrelationsusedby compressiortechniquegieneratalifferenttypesof frameswith
decreasingemantiamportancefor decodificationof a videoflow. In this way, it is interestingthatthe network
implementsmechanismsakinginto consideratiortheimportanceof differenttypesof framesandprioritize them
during the forwarding process.However, sucha solutionmay not be effective in somecasesfor example,when
thenetwork is very congestedandwe canadoptanotherttechniquerying to complementhefirst.

3.1. Mechanismsfor Video Packet Protection

In congestedsituations the hierarchicalstructureof a video streamcausegpromiscuougaclet discard,
whentransportedver a purebesteffort network. This discardreducesererelythe comprehensibilityof receved
contentbecausdéramefragmentghathave higherimportanceduringthedecodingphaseéhave thesameprobability
of beingdiscardedcomparedvith lessimportantframefragments An ideal situationwould beto distinguishand
give higher priority to pacletsthat transportmore importantcontents. A good option is to associatdevels of
discardpriority to eachpaclet, basedon its importancg(this is relatively simple)andit helpsto maintaina better
quality of receved GOPs.

The QoSnetwork architecturghat attendshe requirementsndicatedabove canbe a DiffServ network,
like the onepresentedn Blake etal. [8]. In this kind of network, eachpacletis associateavith anidentification
code(codepoint) thatcanbe relatedto a procedureof discardingor forwarding. This allows, for example,the
associatiorof levels of discardingprecedencesr forwarding priority, for eachpaclet. We canfind in Assured
Forwarding Service AF) levels of discardingprecedencassociateavith eachpaclet, proposedyy Heinaneret
al. [9]. In this casethe servicedifferentiationusesfour priority classesgachclasshaving threelevelsof discard.

In this contet, DiffServ networks, lik e the architecturgoresentedn Blake et al. [8], andimplementing
servicedik e thoseproposedn Heinaneret al. [9], canconfigurea scenariosuitablefor transportatiorof digital
video. An AF classcanforward video pacletsfollowing a mappingof type: Az, = | frames, Az, = P frames
and Azz = B frames.The mappingof paclet typeinto discardpriority canbe performedby the applicationitself
or by anotheredgedevice of the domain(in a video gatevay, for example). Heinanenet al. [9] suggestthe
implementatiorof queuemechanismanddiscardbehaior asaway of trying to minimize long time congestions
inside eachclass. This requiresan active queuemanagemenalgorithm (AQM). A RED mechanism{Random
Early Drop), like that proposedn Floyd et al. [10], andimplementedn multiple levels, can satisfy well this
requirement.The utilization of multiple RED mechanismsvasproposedy Clark et al. [11], whereeachRED
gueuecontrolsclassifiedpacletsasbelongingor not to a specificprofile (in or out profile). To work with video
paclets,we canextendthe mechanisnto aRED of threelevels,associatingachtypeof pacletto aspecificqueue,
asshawn in fig. 2. With this mechanism|essimportantpacketswill have a higherprobability of discard,while
themoreimportantpaclets,consequentlywill have alower probability of beingdiscardedThedifferentlevels of
discardingprecedencarealsoidentifiedasgreen= Az, yellow= Ax, andred = Az3, runningfrom the minor
to themajordiscardprobability, respectiely. Approache®f this naturefor videotransportatiorhave beenusedin
mary works,suchas[6] and[12].
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Figure 2: RED mechanism with three levels

We will shaw in section5.1somesimulationresultsbut it is alreadyexpectedthatthis mechanisnwon't
solwve all problemsobsered whenthe network is really overloaded.For example,receved GOPscanhave only
framesof typel. Evenwith a minimum GOPlossrate,we cannot guaranteghatthevideowill be presentedvith
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agoodquality. For this reasonwe will complementhesemechanismsvith anothertechnique discussedn the
next section.

3.2. Data Redundancy

As we saidearly, datalossesareparticularlyinconvenientwhenwe discussapplicationsnvolving video
streamingandwe canusemechanismshat promotedataredundang during the coding phase with the aim of
decreasinghe probability of lossesrom the applicationlevel.

The morecommonschemédor dataredundang is knowvn asFEC (Forward Error Correction),whereall
blocksof k pacletsarefollowed by n — k& redundanipaclets, composinga FEC pacletsblock, with size of n.
Thus,if atleastk pacletswerereceived, whateser the order thentheinformationassociatedo this block will be
decodedtorrectly In thecaseof amultimediaflow, if afixedminimumdatapercentagédt —decodablehreshold)
of aframeis receved,thenit will beconsiderediecodableln [13], theoverload(Ov) generatedby theredundang

FECschemds obtainedby Ov = 1=4£.

For example, with dt = 0.75 anddt = 0.5, we will have an overloadequalto Ov = 33.3% and
Ov = 100%, respectiely. Thismeanghat,for eachframeof thevideoflow, we will have anextradatatransmitted,
andthe pacletsmustbe classifiedasthe sametype associatedo the frame. Theredundantiatawill be generated
by the codec,andclassificatiorwill be carriedout by the DiffServnetwork mechanisms.

The combinationof paclet protectionanddataredundang canbe achiezed usinga monitor procesghat
obsenesthe lossesdirectly relatedto network overload,and decideswhich dt valueis applicable. In fact, our
intenthereis to shav thatour proposednetric canbe usedto monitorthevideoquality.

We will shav in section5.2 how the utilization of dataredundang is directly relatedwith the MTU size
overtheend-to-engpath,andalsothe needfor framesto be fragmentednto paclets.

4. A metric of Quality for Video GOPs

The utilization of paclet lossrateasa metric adoptedto evaluatethe quality of presentedrideois not
satishctory becauset is not sufficient to know only how mary pacletswerelost, associatedvith eachtype of
frame. Thus,we needto evaluatewhich frameswerereceved, belongingto a specificGOR andif theseframes
will beusedatthe momentof presentationaccordingto framedependenceules. For example,if a GOPmadeof
IBBPBBPBBPBB istransmittedandtherecevedframeswere/ B — PBB — BBP BB, then,atthemoment
of presentationframespresentedvill be /I B — P — — — — — — — — , Where" —" meanghe absencef a frame
duringthe presentationlin this casea B frameanda P framewerelost (directlosses)andtheselossesmply the
discardingof six B framesandoneP frame(indirectlosses)despitetheir beingreceved successfully

With theobjective of evaluatingvideoquality, atthe momentof presentationywe defineametricbasedn
whatis calledthe videoquality factor (g). Themainideais in the calculationof g for eachvideo GOR following
equationt:

ar*xr+ap*xxp+ap*xxp
a[>l<]\7T]—‘y-ap*]\TTP-i-G,B*.ZVTB7
wherej is the type of frames(l, P or B), z; is the numberof j framesreceved anddisplayed,Nr; is the total
numberof j framesin aGOPanda; is therelative coeficient (j framesin a GOP),following equation2:

0<qg<1 1)

q:

N]j
a; = ,
7 N+ Nrr+ Nip* Npp + Nig * Nrg

Nyp; - directandindirectlosseqj frames). (2)

The value of q is limited by two situations: first, whenall framesin a GOP arelost (x; = zp =
xp = 0), directly or indirectly, implying ¢ = 0; and second,when all framesin a GOP were receved
(xry = Nrj, 2 = Nrpexp = Nrp), implying ¢ = 1. Anotherrelevantpointis thatequationl takesinto
accounindirectlossesmorewer, variablese;, x5 andz p considerasrecevedframesonly thosethatwill beused
duringthe decodingphase.For example,if anl frameof a GOPIs lost, thenwe will have x; = g = zp = 0,
independentf the numberof B andP framessuccessfullyransmittedindirectlosses).

As anexample,for a GOPwhere N = 12 and M = 3, we will have thefollowing values: Nr; = 1,
Nrp =8, Nrp = 3, Nir = 14 (all framesof the GOR plusthelasttwo B framesof thepreviousGOP),N;p = 8
(all B frames)andN;p = 11 (all B andP frames).Thus,following the previous example the valueof g would be
equalto 0.297,because;; = 1,z = 1 andzp = 1.
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In fact, q hasarelative associatiorwith the quality of the presentediideo, mainly for B frames.In other
words, a lossof a B framewill imply differentqualities, dependingon the position of this framein the GOP
andits importanceassociatedb thetemporalresolution.Our formulaconsiderghatB frameshave the samevalue
associatetb thequality, but alternatvely, we canapproximateheq valueto therealquality, giving aweightingfor
eachB frame(basednthenumberof bits, for example).However, it is dependenbntheway thecodecmovement
estimatorfindsthe movementvectorswhena scenechangeoccurs which canimply contradictoryconclusiongor
B frames.

5. Evaluation of the Approaches

For the verification of the transmissiorschemaandthe analysisof our proposedmetric, we adopteda
methodbasedn simulationsusingNS-2[14] (with somemodifications).Thetopologyadoptedor all simulations
is accordingto fig. 3, wherethevideo streamis sentfrom a sourceto arecever, crossinga DiffServnetwork that
hasa bottleneck(betweerrouters2 and3). In this scenariowe maintaina MTU of 1500bytesalongthe entire
end-to-encpath.

Figure 3: Topology used in simulations.

We usevideostreamsodedin MPEG-4basedntracefiles availablein [15], comprisingbasicallyASCI|
files with information(generatiortime, type andpaclet size). We alsousetracefiles of two distinctvideos,and
thedifferenceis in its codingquality (lower andhigherquality). The codingapproacHor low video quality fixes
the quantizationparameterso 10 for | frames,14 for P framesand 18 for B frames. For high video quality, the
guantizationparametersrefixed to 10 for all typesof frames. In both videos,the GOP sizeis fixed and equal
to 12. The maximumsize of video framesgenerateds 4686 bytesand 9370bytesfor lower and higherquality,
respectiely. Consequentlythis impliesthatthereis a possibility of fragmentation®ccurringover the network.
Furthermorefor aframeto beconsiderednterpretableall dataassociatedb it mustbereceved,andif not, it will
be consideredost (without errorrecovery).

In the DiffServ network, the configurationusedhasonly onereal queue,to which is applieda specific
policy throughanactive queuemanagementAQM), implementinga protectionover paclets(usinga RED mech-
anismwith threelevels),knovn asMRED, andbasedon a RIO-C algorithm[16]. Eachlevel is associatedvith a
discardprecedencandhasa virtual queue.This configurationallows a treatmenif shortdurationcongestions,
situatedat specificpointsof the network (andin this particularcase atthe bottlenecHink).

Two typesof backgroundraffic wereused:elasticapplicationsasedon FTPflows over TCP, andvideo
flows over UDP (with thesamecharacteristicef themainvideoflow), focusinganevaluationof mainvideostream
quality againstthe presencef competitve flows, in additionto the characteristicef videousedandqueuepolicy
adopted.The FTP/TCPtraffic wasinjectedin the samevirtual queue whereall B pacletswereforwarded,thus
having a higherdiscardprobability For all simulationresults the valuesfor the confidencenterval were97%and
94%,respectiely.

The characteristicef tracefiles (GOPswith N = 12 and M = 3) andtechnologyusedprovidedin all
simulationsdirect paclet lossesalwaysassociatedo distinctframes meaningthatthe ideal relationbetweeriost
pacletspercentagandlost framespercentagés in the orderof 1:1 (eachlost paclet implies a lossof only one
frame).However, sucharelationwill beobseredonly in situationsvherewe do not have indirectlossesin other
words, losseswill be only of B frames. Fig. 4 shaws this relation, for simulationswith FTP/TCPbackground
traffic up to 20 competitve flows, wherewe evaluatetwo queuepolicies(DropTail andRIO-C) andtwo qualities
of transmittedvideo.

In fact, if the behaior of a flow presentedy a senderapproximatego the ideal relation (continuous
line indicatedin the graphics)jt impliesthatindirectlossesvereminimum,whichis the caseof simulationswith
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Figure 4: Relation between lost packets percentage and undecodab le frames percentage, varying the number
of competitive flows (FTP).

RIO-C policies. Analyzing the graphics,it is possibleto obsere that the resultsfor high quality video have a
significantdifference comparedvith otherexperimentsandthisis becaus®f the paclet fragmentatiorrate,that
hasinfluenceover indirectlosseqtherearelossesof | andP frames).

5.1. Simulation ResultsRelatedto Packet Protection

Thegraphicspresentedn fig. 5 and6 shav the percentagef GOPsreceved, with their respectre qual-
ities, expressedhroughour metric(q), for differenttypesof backgroundraffic, queuepolicy andquality of main
video. We presentin the graphicsonly somevaluesof the entiresimulation(for 0, 5, 10, 15 and 20 competitve
flows), but we will commenthebehaior consideringall theinterval (from O to 20).
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Figure 5: Simulation of a video transmission, varying the queue policy (bottlenec k link) and the number of
competitive flows (FTP) — high quality video.

To analyzetheq valuefor eachGOR we madethesamesimulationsgdescribegreviously. Fig. 5 shavsthe
resultsfor competitve FTP/TCPflows, wherethe graphicsrepresentsfor high video quality anddifferentqueue
policies,therelationbetweerthe GOPspercentagavith maximumquality (¢ = 1) andthe GOPspercentagevith
null quality (¢ = 0), andthe otherresults classifyingtherestof GOPsinsideeachinterval, with a variationof 0.2.
We alsomadethe samesimulationswith low video quality, obtainingsimilar results.For DropTail simulationsup
to 28% (low quality video)and50% (high quality video)of all GOPswerecompletelylost (¢ = 0), approximately
It is alsopossibleto obsere that, in the worst caseandin all simulationswith RIO-C, 20% of all GOPswere
recevedwith total quality (¢ = 1), andtheminimumquality obsenedin therestof GOPswasabove 0.4. Besides
this, whenthe numberof GOPswith ¢ = 1 startsdecreasingalmosta half of the restof GOPshasthe ¢ value
greaterthan0.7. Suchresultsshaw thatthe protectionmechanisnadopteds efficient, mainly becauséhereis no
GOPloss(q = 0).

As theprotectionmechanisnpromotedheabsencef P framedossesthereceved GOPsduringthesim-
ulationswith RIO-C hadall I andP frames characterizinga minimumquality achieved by thevideotransmission,
andin this casejndependentf the quality of transmittedvideo.

Theresultspresentedh fig. 6 shav how competitive videoflows affect the quality duringthepresentation
of video,andthe behaior of themainflow is similarto the otherflows. Theresultsobtainedwerepresentedh the
samemannerexplainedpreviously, andalthoughthe competitize flows weretransmittedover UDP (reducingpart
of theloadalongthe end-to-endpath,becaus@f acknavledgemenpaclets),the equivalenttreatmenof all flows
by the queuepolicy adoptechada big impactover the quality of the mainvideo,andalsoover the otherflows.
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Figure 6: Simulation of a video transmission, varying the queue policy (bottlenec k link) and the number of
competitive flows (videos) — high quality video.

We alsomadesomesimulationgfor low quality video,andtheimpactof theadoptedjueuepolicy wasless
thanfor high quality video. With 10 backgroundsideoflows, almost85% of GOPshadq = 1, but with 20 flows,
this value decreasedio 13%. In addition, all resultsfor competitve video flows alsoindicateone situationthat
wasnot obsenedin simulationswith competitive FTP flows — the saturationpoint. In otherwords, it is possible
to obsene that whenwe achievze the numberof 10 competitve video flows, it startsa considerablelecreasing
in GOP’ quality, evenwith the protectionmechanism.This is becausef two reasonsfirst, all the flows have
pacletswith the samediscardpriorities; andsecondthe lesselasticcharacteristiof the transportprotocolused
(UDP), since TCP (usedin FTP flows) allows a bettersmoothdegradationin quality, referringto the control of
transmissiomate.

5.2. Simulation ResultsComplementedwith Data Redundancy

We runthe samesimulationsdescribedn previoussection but now complementingvith dataredundang
(FEC).Two situationswereconsideredfirst, whenvideoflow hasdt = 0.75, andsecondfor dt = 0.5. Analyzing
theresultsfor a high quality videoandRIO-C queuepolicy, presentedn fig. 7, andcomparingthemwith fig. 5b,
we canobsenre that thereis a minimum value achieved for ¢ during all the simulations(¢ > 0.4) andwe can
concludethatthe network wasnot saturatedMore over, it couldbepossibleto usea FEC schemabut the dt value
alsodepend®ntheframesizeandMTU alongend-to-endgath. For aframesizelessethanMTU (evenincluding
FEC overload),theneachpaclet will carryoneframe(thisis the caseof fig. 7b andalsofor simulationswith low
quality video),andthe useof this mechanismdoesnotimprove the quality, generatingonly anunneededhetwork
overload.Onthe otherhand for aframesizegreatethanMTU (fig. 7a),the FEC schemamprovesthe quality.
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Figure 7: Simulation of a video transmission, using a RIO-C queue policy and FTP competitive flows (with
data redundanc y).

We canconcludethatif the network is congestedvithout the useof a FEC schemathenwe caneasily
obtain worst resultsapplying sucha schemabecausehe introductionof redundantdatawill only increasethe
overload,andthis wasthe casein our simulationsusingvideo flows asbackgroundraffic. However, with our
metric, we can monitor the quality of receved video, and analyzingits resultstogetherwith MTU andframes
sizes,it is possibleto decidethe useor notof a FEC schema.

6. Conclusions

In this work, we proposea metric that allows usto qualify and quantify the GOPsquality, signalingin
the way of how to obtaina betterperceptualideo quality. In a generalway, one approachlike this canwork
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in a synegeticway, togethemwith otherdevices(reactvesor not), trying to improve the quality of video streams
transmittecbver paclet networks. We alsoshav theevaluationof thetransporbf adigital videoover DiffServnet-
works,assigningliscardpriority accordingo theimportancehateachframehasduringthedecodingphaseusing
theproposednetric,aswell asthe useof a dataredundang schemafocusingon a lower framelossprobability

Fromthe point of view of adaptationassociatedvith network load variation,we believe thatour metric
canbe usedasa feedbackvariable,indicatingto the senderhow the transmittedvideo hasbeenreceved, asan
approximationto the quality perceved by end-userscomparedwith a single analysisof paclet lossrate. The
adaptatiorcould be achiezed as much throughchangeson transmittedvideo quality (for example,changingthe
guantizationfactor),asthrougha new definition of the enhancementyersto be transmitted(layeredvideo), or
using error recovery schemas.In all caseswe mustobsere that if the compositionof GOPs(N and M) has
changedthenit shouldhave a compensatiomechanisnthatoperatesluringthetransitionphase.

We cancompareour metric with othersfound in literature,but only the resultspresentedy Ziviani et
al. [13] aresimilar. Although both metricsare basedon decodabldrames,thereis a significantdifference. For
example,if we have two differentsequencesf GOPs(first, IBBP—-—-PB—-P ——, — — —— — — — — — — —— ,
IBBP—-PB-P——,andthesecond/ BBP——P—-P—-,IBBP——P——P——,[-——P———————— ),
their metric analyzesthe decodabldramespercentageand the resultswill be the samefor all GOPsin both
situations becausehereis the samenumberof decodabldrameseitherin the first sequencer in the second.In
fact,thequalityis notthesamemainly if we have mary scenechangeswhile our metriccandetectifferentGOPs
gualities,andits evaluationhasa betterapproximatiorwith realvideo quality.

Futureworkswill befocusedon the validationof our metricbasedn end-useperceptionsWe will also
studythe useof our metricasafeedbackvariablefor controlmechanismsanteractingwith adaptve applications.
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