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Abstract—Due to random delayvariations in current besteffort networks,
packet videoapplicationsrely onend-systembuffering andplayout adaptation
to reducethe effectsof disruptions on the required smoothstream presenta-
tion. To study the effect of buffering and playout adaptation, we presentan
analytical model basedon the M/G/1 queueingsystemwith finite buffer ca-
pacity and traffic intensity equal to or greater than unity. This model fits well
a range of new applications that have limited buffer resourcesfor the recep-
tion of incoming frames. We intr oducethe Variance of Distortion of Playout
(VDoP), a new metric that accountsfor the overall presentationdisruption
causedby buffer underflows, intentionally intr oducedgapsduring slowdown
periods and data lossfr om overflows. VDoP is an elegantand fair metric for
the estimation of playout quality and will hopefully assistthe developmentof
better adaptation algorithms. Furthermor e, the effect of finite buffer capac-
ity is examinedin relation to stream continuity, revealing a systembehavior
not previously accountedfor. The sensitivity of the systemto the variance of
the arri val processis also examinedby meansof simulation. Finally, an on-
line algorithm is presentedfor the exploitation of our study on implemented
systems.

Keywords—Adaptive videoplayout, videocontinuity, finite M/G/1, Mark ov
Modulated PoissonProcess

I . INTRODUCTION

In recentyearsmultimediaservicessuchasinternettelephony,
videoconference,andvideoondemand(VOD),havefoundaplace
next to traditional dataapplicationslike telnet, ftp or the world
wide web. Thesenew servicesrequirehigh transmissionreliabil-
ity andstringentend-to-enddelayanddelay jitter, to be able to
maintain interstreamsynchronizationbetweensuccessive media
units. The main effort in providing currentbesteffort networks
with QoSmechanismhasbeenundertakenby the IETF which is
standardizingthe IntegratedServicesandDifferentiatedServices
architectures.Nevertheless,it is realizedthat the deploymentof
new protocolswill bea slow process,somucheffort is beingput
in copingwith currentnetwork limitationsby incorporatingintel-
ligentadaptivealgorithmsat theapplicationlayer.

Adaptive rateapplicationsfall into two generalcategoriesde-
pendingon which endof the communicatingpartiesis adapting
its rate. In sourcerateadaptation[1], [2], it is thesendingsystem
thatadaptsto the time-varyingbandwidthavailability by regulat-
ing therateof its outputvideostream.On theotherhand,Packet
Video Receiving systems(PVRs),adapttheir playout rate in an
effort to avoid underflows (lack of a frameto display)causedby
excessivelydelayedframes[3], [4], [5]. PVRsuseaplayoutbuffer
to accumulateincomingframesasa measureagainstnetwork jit-
ter. The amountof bufferedframescanbe dynamicallyadjusted
in responseto network jitter. Whenthe variability of the arrival
processincreases,the PVR mustbuffer moreframes,increasing
theend-to-endlatency, to avoid largeunderflows. If thereis a la-
tency constraint,thenin timeswhennetwork loadreducesandin-
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terframespacingis notdistortedby varyingend-to-enddelays,the
systemcandecideto reducethe amountof bufferedframes,thus
gainin end-to-enddelayreduction.Theplayoutbuffer occupancy
increaseswhenthecontinuouspresentationof framesis disturbed
by idle time gaps,for exampleunderflows. Underflows seriously
degradevideo quality asthey canlast for a considerableamount
of time. Adaptive playoutPVRs try to reducethe frequency of
underflowsby intentionallyintroducingvirtual timegapsbetween
successive frames,whenthe buffer level is too low. If thesevir-
tual gapsareshorterthanunderflows,thenthey maybeunnoticed
dueto humanperceptuallimitations. In principle, the annoyance
causedby a largeunderflow is spreadin time, soasto reduceits
impacton videoquality. Virtual time gapsarecreatedby keeping
thecurrentframeon displaylongerthanwhat thevideoratesug-
gests,in otherwordsby displayingframesslower thantheiractual
rate.Thisunfortunatenecessityis notpresentin packetaudiosys-
tems,wheretheexistenceof silenceperiodsgivesthesystemthe
ability to changethesizeof the de-jitterbuffer by modifying the
durationof thesilenceperiodin apertalkspurtbasiswithoutmod-
ifying theplayoutrate[6], [7], [8], [9].

Bufferingframesat thePVRincreasesend-to-endlatency at the
end-userlevel. Dif ferentapplicationstoleratedifferentmaximum
end-to-endlatencies. Bidirectionalapplicationssuchasdesktop
videoconferencingapplications,have very strict latency require-
ments,typically of few hundredsof milliseconds. On the other
hand,unidirectionalapplicationslikeVOD, allow for muchlarger
latencies,in the order of seconds. In a VOD application, the
PVRcanbuffer massivenumbersof frames,thusensureanalmost
pauselessvideo presentationacrossthe widest rangeof network
jitter. Theabsenceof critical latency requirementsalsoallows for
theadditionof techniquessuchasdataproxy-ingandclient-server
feedbackwhich can help in using network resourcesmore effi-
ciently, especiallyin thecaseof VariableBit Rate(VBR) encoded
video[10], [11], [12].

In this paperwe considera classof applicationswith a latency
requirementthatfallsbetweenthehardreal-timevideoconferenc-
ing andthe delayimmuneVOD. We would includein this cate-
gory mostWeb-basedVideo Distribution (WVD) systems.Such
videoapplicationsdo not requirea minimal end-to-endlatency as
in videoconferencing,but cannottoleratea largestartup buffer-
ing delayasin VOD. Thekey differentiatingfactorfrom VOD, is
the click level interactivity requirement,i.e., the requirementfor
a short time interval betweena uservideo selectioninstantand
the display instantof the first video frame. This requirementis
largely dueto small reactiontimesthat mostweb basedapplica-
tions tend to provide. In other words, WVD systemsrequirea
small reactiontime (so they cannotpre-buffer many frames)but
arenot sensitive to end-to-endlatency over theentiredurationof
thepresentation.Theinteractivity requirementsuggeststhatvideo



presentationstartsafter only a small numberof frameshasbeen
buffered. If the initial de-jitter buffer is not adequateto smooth
out network delayvariabilities, the buffer progressively expands
by applying reducedplayout rates. A final noteon our targeted
applicationareais thatthebuffer spacethatthey canutilize is lim-
ited. This is definitely thecasefor wide spreadwebbasedPVRs,
designedevenfor themodestdesktopsystem.It is alsoexpected
thatPVRswith limited buffer spacewill beusedin third genera-
tion wirelessterminaldevices.

I I . RELATED WORK

In this sectionwe provide a brief presentationon threshold
basedplayoutrateadaptationschemes.The main ideain thresh-
old basedrate adaptationis the linear reductionof playout rate
as the numberof buffered framesapproacheszero. Yuang et
al. [3] proposea PVR that employs a maximumplayout rate � ,
whenthenumberof bufferedframes� is greaterthan,or equalto,
a given thresholdvalue TH, and employs reducedplayout rates��� � ���	��
 � � TH for ��
 TH. The analysisin [3] modelsthe
PVR asa queueingsystemwith Poissonarrivalsof rate � andex-
ponentialservicedurationswith statedependentmeanservicerate��� � � . It shouldbe noticedthat when the systemoperatesabove
TH it employsamaximumplayoutrate � which is greaterthan � ,
the actualvideo framerate. That is, the systemdisplaysframes
fasterthanthenormalvideorate.Althoughthelattermayleedto
a latency reduction,it alsoproducesan undesirablefast forward
effect. Clearly, the value of TH impactson the systemperfor-
mance.More specifically, thevalueof TH is examinedin relation
to the probability of an empty buffer (thus a continuity metric)��� , the framelossprobabilitydueto buffer overflow, ��� , andthe
meanpresentationrate, �� . It is statedthatboth ��� and �� decrease
with TH, while ��� increaseswith TH. Theselectionof TH canbe
seenasa tradeoff betweenthepreservationof playoutcontinuity,
which is capturedby � � , andthe reductionof meanplayoutrate
with respectto theactualvideorate,which is capturedby �� . The
continuitymetric ��� , is replacedin [4] by themoregeneralVari-
anceof Discontinuity(VoD) metric, which not only capturesthe
frequency of underflow gaps,but alsoaccountsfor gapsoccurring
dueto thedynamicregulationof framedurations.In sectionIII we
simplify thestudyof aPVRby combininggapandlossmetricsin
a singlecontinuitymetric.

I I I . SYSTEM MODEL

In thissectionwedescribeananalyticalmodelfor thestudyof a
finite-buffer PVR,andexaminetheeffect of TH on videoquality.
In whatfollows,we definethevarianceof discontinuity(VoD, as
in [4]) andgeneralizeit by introducingthevarianceof distortion
of playout (VDoP). We usethe analyticalresultsto demonstrate
the tradeoff betweenplayout continuity and meanplayout rate.
Also, a new systembehavior that affects the selectionof TH is
broughtin light.

A. ModelDefinitionsandAssumptions

WemodelthePVRasafinite queuewith capacityfor � frames.
The arrival processis Poissonwith meanarrival rate � , equalto
the video framerate � . Admittedly, the choiceof anexponential
distribution to modelthe frameinterarrivals is a poor one,asin-
dicatedby internetdelaymeasurements[13], [14]. Nevertheless,
theexponentialdistributionprovidesfor a largecoefficientof vari-
ation,comparedto actualinterarrival distributionswhich fit better

to anormaldistribution,soit canbeusedasalowerboundonsys-
temperformance.Theexponentialdistributionmodelseffectively
the interarrivalswhenthenetwork is overloadedandframestend
to arrive in clustersfollowedby largeperiodswith no arrivals.

The playoutcontrollerof the systemdisplaysframesat a rate� equalto theactualvideorate � , when � , thenumberof buffered
frames,is greaterthanorequalto athresholdvalueTH. In all other
casesit playsframesatalinearlydecliningrate��� � � corresponding
to anextendedframeduration

� � � � accordingto:

��� � ������� � �����  !TH " �#� if $&%���%'��(�) if ���+* (1)

� � � ����, ��- . � TH�  ! "�/� � if $&%���%'�
TH� if ���+*

If 01�2$ � � is the normalframeduration,keepingthe frameon
display for more than 0 , accordingto

� � � � , is equivalent to in-
troducinglogical timediscontinuities3 � � � betweenframes,during
which no new frameis displayedasit should. Theenduserwill
realize3�� � � sasframefreezes.Thedurationof 3�� � � is statedepen-
dent;for non-zero� , 3�� � � is thedifference

� � � � minus 0 . Thus,

3 � � ����, ��- . � TH 4 !�  ! " * � if $5%6��%'�7�8 TH 4 /� if ���+* (2)

Note that 3�� * � is composedof two terms,
7

which is a random
variablefor thetime interval from buffer underflow instantto the
firstnew arrival instant,andTH 4 /� whichis thediscontinuity3�� $ � ,
correspondingto thereducedplayoutratewhenthereis only one
framein thebuffer 1. In IV-A we usetheexponentialdistributed7

, with meanvalue $ � � , for thederivationof thesteadystatebe-
havior of thesystem.

In [4] the varianceof discontinuity(VoD) is usedasa stream
continuitymetric. VoD is just 9 : ;=< >5?'@BA � 3 <DC1�3 � E F , where 3 <
is thediscontinuityoverthe � th playedframeand �3 is theexpected
valueof 3 . VoD capturesthe disruptive effect of underflows and
of intentionallyintroducedgaps.We enhanceVoD by introducing
theVarianceof Distortionof Playout(VDoP),whichaddsto VoD
thedisruptiveeffectof framelossesdueto buffer overflow. VDoP
canalsobeusedin systemswherelateframesareconsideredlost.
VDoP capturesthe varianceof the Distortion of Playout(DoP)
which is causedeither by interframegapsor by loss gaps. We
definethestatedependentDoPas:G=H I � � ���'J�
 3�� � � 8�K 
 �L ! 
 0 (3)�L ! is the expectednumberof lost framesduring the next frame
playout,given that the systemis left with � framesjust after the
last framepresentation.J and

K
areweightsfor jitter gapsand

lost frames.Throughouttheremainderof thepaperwe useequal
weightsJ�� K �M$ . This selectionis basedon recentstudies[15]
that reportanequaldegradationof perceptualquality in thepres-
enceof jitter andpacket loss.We define

L N! O < as:L N! O < � IQP H R A S lost framesduringplayoutof � 8 $ th frameT� th playedframeleavesthesystemin state� FU
Following anunderflow, playoutwill startassoonasaframearrives.Theplay-

outdurationfor thatframewill be V�W X Y .



Z [\^]`_ a b=c d5e Z [\ f c is thesteadystateprobabilityas g approaches
infinity.

Z [\ is givenby:Z [\5h+i5j k1l�m�n+o�n6p�q rDs m t u
wherei5j v6q w u is thePoissondistributionfor theprobabilityof v
new arrivalsin aninterval of durationw and k is thebuffer size. xZ \
is theexpectedvalueof

Z [\ .
Theintegrationof all causesof discontinuity, to a singleconti-

nuity metric,DoP, providesthe commongroundfor the compar-
ison of all playoutadaptationschemeson the samebasis. In the
currentwork we have focusedon thresholdbasedrateadaptation,
nevertheless,DoPcanalsobeusedto quantifytheperformanceof
moregeneraladaptationschemes,e.g.,schemesthatnot only ex-
pandthedurationof framesbut alsoshortenit to controllatency.

B. TheM/G/1 QueueandtheEmbeddedMarkov Chain

In this sectionwe derive the steadystateprobability distribu-
tion for j y c�u c z�{ , theplayoutbuffer occupancy on the g th frame
departureinstant(completionof the g th framepresentation).Un-
der the Poissonassumptionj y c�u becomesa Markov chain. The
statetransitionprobabilities| \ f } for thebufferoccupancy chainare
givenby:

| \ f } h�~������� �������

i5j � q rDs � t u m�h+� q �B�6�D�'ko�l6�+���#�[ � { i5j p�q rDs � t u�m�h+� q �Bh+ki5j �&l�m�n+o q r=s m t u��B��m��'k^q m��6�D��ko�l � ��� \[ � { i5j p�q rDs m t u��B��m��'k^q �Bh+ki5j � q rDs m t u �B��m��'k^q �Bh'm#l'o� elsewhere
(4)

We useaniterativemethodfor thesolutionof thestationaryequa-
tions � s m t � c � � � h � s m t � c ��� i , whereP is the transitionmatrix
of (4) and � s m t q m�h`� q � � � q k , arethesteadystateprobabilitiesofj y c�u . Thesuperscriptindicatestheiterationstepnumber.

IV. RESULTS AND DISCUSSION

In thissectionwestudytheeffectof TH onthetwo antagonistic
metrics,the reductionof theMeanPlayoutRate(MPR), with re-
spectto theactualplayoutrate� , andthestreamcontinuitymetric.
For streamcontinuitywe usebothVoD andVDoP andjustify the
advantagesof thesecondover thefirst.

A. AnalyticalResults

The resultsare derived under the Poissonarrival processas-
sumptionandtheforementionedM/G/1 formulation. MPR is the
expectedvalueof (1); VoD andVDoP, are the variancesof (2),
(3), respectively. In Fig. 1, weillustratetheeffectof TH onaPVR
with abuffer spacefor k =100framesand � =� =30frames/second.
The top graphillustratesthe reductionof MPR with TH. This is
an expectedbehavior as the scheduleremploys reducedplayout
ratesmorefrequentlyundera largeTH value.In themiddlegraph
we plot VoD againstTH. Thisgraphrevealsaninterestingsystem
behavior. Contraryto whatwe would expect,increasingTH does
not alwaysleadto lower (better)valuesfor VoD. This occursbe-
causefrom a TH valueandon, themeanoccupancy of thebuffer
is relatively highcomparedto themaximumbuffer capacity. This,
in conjunctionwith the variability of the arrival process,causes
substantialpacket lossesdueto buffer overflow. Buffer overflows
increasethe frequency at which the occupancy dropsbelow TH.
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Fig. 1. Analytical resultsfor asystemwith buffer for � =100frames.

This in turn meansthat the playoutcontrollerhasto apply a re-
ducedplayoutratenotdueto thearrival variability andthedanger
of underflow, but dueto themassiveoverflowswhichdroptheoc-
cupancy below TH. This is clearlyanundesirableeffect thatlimits
the areawherea healthytradeoff betweenVoD andMPR exists.
Moving to theright of thatcritical valueof TH, resultsin adeterio-
rationof bothmetricsof interestthusshoulddefinitelybeavoided.
Thepositionof the critical TH valuedependson the relationship
betweenthe variability of the arrival processandthe sizeof the
buffer. In SectionIV-B we study this relationshipby meansof
simulationusinga two stateON-OFFMarkov ModulatedPoisson
Process.

In thebottomgraphof Fig. 1 we plot VDoP againstTH. Com-
paringVDoP with VoD we recognizethat both metricshave the
samebehavior with TH. Thevaluesof VDoParehigherthanthose
of VoD for thesameTH value.Thatis becauseVDoPaddsto VoD
thedisruptiveeffect of overflowedframes.Moreover, we seethat
themonotonicityof theVDoPcurvechangesatsomeTH andis in-
creasingaggressively asTH approachesthemaximumbuffer size.
Therearetwo reasonsfor this behavior. The first is the sameas
theonealreadydiscussedfor VoD, andhasto do with slowdowns
causedby thebuffer occupancy reductionbecauseof lossesdueto
overflow. Thesecondreason,not capturedby VoD, is dueto the
rapidlossof overflowedframeswhenoperatingathighTH values.

B. SimulationResultsWith MMPP Sources

In this sectionwe studythesensitivity of theplayoutrateadap-
tationmechanismto network congestion.Congestioncreatesjitter
which is realizedasburstinessof the framearrival process.We
have constructeda simulationmodelthatemploys anexponential
ON-OFFMarkov ModulatedPoissonProcess[16] for thegenera-
tion of framearrivals.By choosingappropriateparametersfor the
ON-OFFmodel,we createan arrival processthat is morebursty
thanthePoissonprocessof equalrate. Thestatisticalbehavior of
thetwo-stateexponentialON-OFFsourceis completelydescribed
by thefollowing parameters:��� � , therateof thePoissonprocess
– in framespersecond– duringON state;�#� � , therateat which
the underlyingMarkov processleavesON state; �#�#��� , the rate
at which the Markov processleavesOFF state. The meanframe
generationratefor theprocessis: � h ��� � ��� � � �� � � � � � � � .



In TableI wepresentthethreeMMPPsourcesof thesimulation
study, in anincreasingorderwith respectto burstiness.Thesimu-
lationresultsfor VoD, VDoP, MPRfor thethreesourcesof TableI
are illustrated in Figures2, 3, 4. Both VoD and VDoP curves
for burstyMMPP sourcesmove towardshighervaluescompared
to the lessvariablePoissonsourceof Fig. 1. Also we observe
that the declineof MPR with TH is moreaggressive with bursty
sources(Fig. 4). As for thatcritical TH value,wheremonotonic-
ities for VoD and VDoP change(start to increase),we observe
that it movestowardsthe left (lower values)asthesourcebursti-
nessdecreases,andtowardstheright (highervalues)for increasing
burstiness.Assumingthat theunderlyingarrival distribution does
not changesignificantlywith time, we canestimatethe position
of the critical TH valueby usinganalyticalor simulationresults.
Theselectionof a desirableTH valuefor thePVR will bea com-
promisebetweenMPR andstreamcontinuity. In all casestheTH
valuemustresideon the left sideof thecritical TH value. It is in
thisarea,thatthedeclineof MPRis tradedfor betterstreamconti-
nuity. Moving to theright of thecritical thresholdvalueresultsin
bothworseMPRandworsestreamcontinuity.
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Fig. 2. VoD simulationresultsfor MMPP sourcesof TableI. The threeMMPP
sourcesarein increasingorderwith respectto burstiness.Source3 is themost
bursty. VoD is in seconds¡ .
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source ¤�¥#¦ §#¥#¦ §#¥#¨#¨ ¤ (meanrate)
1 35 1 6 30
2 40 1 3 30
3 45 1 2 30

TABLE I

MMPP SOURCES IN INCREASING ORDER WITH RESPECT TO BURSTINESS.

V. CRITICAL THRESHOLD ONLINE DETECTION ALGORITHM

The critical thresholdvalue (TH © ) that minimizesVDoP has
beendeterminedanalytically, for Poissonarrivals(IV-A) , andvia
simulationfor MMPP sources(IV-B). Here, we presentan on-
line algorithmfor the detectionof TH © whenthe underlyingar-
rival processis an unknown MMPP or Poissonprocess2. The
linearrecursive filter [17] of (5),(6) is usedfor theonlineestima-
tion of the valuesfor VDoP, on a per framebasis.Theestimatesª«B¬D­ ®

areaveragedover a window ¯ to provide the smoothed

estimate
ª«5¬=­ ®

. Apart from beinga samplinginterval, ¯ is also
the control interval for the TH © detectionalgorithm. The algo-

rithm looksfor aminimum
ª«5¬=­ ®

bystartingfrom aninitial small
valueTH° andincreasesthethresholdby ± TH every ¯ samples,

until a changein themonotonicityof
ª«B¬D­ ®

is detected.Thelast
thresholdvalueservesas the estimatefor TH © . We assumethat
the arrival processchangesits statisticalpropertiesvery slowly
comparedto thedurationof thedetectionprocess.A sampleim-
plementationof thealgorithmis presentedin TableII. Fig. 7 illus-
tratesthe2-level controllerfor thedetectionof TH © .ª¬D­ ®³²D´+µ5¶ ª¬D­ ®³² ·#¸�¹+º »�¼6µ ½³¶ ¬D­ ®³²

(5)ª«5¬=­ ®#²=´+¾�¶ ª«B¬D­ ®³² ·#¸�¹+º »�¼6¾ ½³¶ º ¬D­ ®³²B¼ ª¬=­ ®#² ½ ¿
(6)

Fig. 5 illustratesthe evolution of
ª«5¬=­ ®

with time, for a PVR
thatstartswith aninitial thresholdvalueTH=1, andincrementsit
in stepsof ± TH=10 every ¯ =1000playedframes. Frameinter-
arrivals aregeneratedby the first MMPP sourceof TableI. The
linearrecursive estimatoruses

µ=À`¾&À`Á Â Ã Ã Ã Ã
. In Fig. 6 we plotª«B¬D­ ®

, thecorrespondingsmoothedversionof
ª«B¬D­ ®

. Theav-
eragingover the window ¯ actsasa low passfilter on

ª«B¬D­ ®
.

Runningtheonlinealgorithmon thesesettingswould return21 as¡ Basedon thejustificationof therelationshipbetweenVDoP andTH, we don’t
have reasonsto believe that the detectionalgorithm will not work with general
distributions,notonly MMPP andPoisson.

TH Ä TH °
WHILE TH<N DO

for every frame n DO
update estimates

ª¬=­ ®#²�Å ª«5¬=­ ®#²
store

ª«B¬D­ ®³²
in W_VDoP[n mod W]

every W samples of
ª«5¬=­ ®

DO

calculate
ª«5¬=­ ®&² Æ Ç

over W samples

IF
ª«B¬D­ ®5² Æ Ç6È ª«5¬=­ ®QÉ Ê Ë Ì Í Æ Î Ï

TH Ä TH
¹ ± THª«B¬D­ ® É Ê Ë Ì Í Æ Î Ï Ä ª«5¬=­ ®&² Æ Ç

ELSE
break from while loop

END WHILE

TABLE II

ONLINE ALGORITHM FOR THE DETECTION OF TH Ð .
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the valueof TH Ø . This is an accurateestimationfor the optimal
long term valueof TH Ø of Fig. 3 which is obtainedby calculat-
ing VDoP (actualvalue)from four hoursimulationruns. It must
be notedthat the scenariopresentedhereis only to supportthe
feasibility of the TH Ø detectionalgorithm. For an actualimple-
mentationthechoiceof systemparameters( Ù , Ú , Û , Ü TH) should
bebasedon trueinterarrival measurements.

For the operationof the online algorithmfor TH Ø , a staticar-
rival processhasbeenassumedduring the detectionphase.The
valuethatwill bedeterminedby thealgorithmis accuratefor that
specificarrival process.Thearrival processhowever, canexhibit
changesof its statisticalbehavior acrossvarioustime scales. In
this casethe valuefor TH Ø returnedby the online algorithmcan
differ significantly from the real value for TH Ø associatedwith
thenew arrival process.A controlmechanismis requiredto iden-
tify thenew critical threshold.Sucha mechanismshouldmonitorÝÞ5ß=à á

andinitiate a new searchphasewhenthe current
ÝÞBßDà á

valuediffersfrom the
ÝÞ5ß=à á

valueof theinitial TH Ø morethana
maximumdistanceâ . Thesearchfor thenew thresholdTH ãØ would
follow theparadigmof thedetectionalgorithm,usingacontrolin-
terval Û andastepÜ TH. Thedirection,relativeto thecurrentTH,
in which thenew detectionphaseshouldmovecanbedetermined
from the understandingof the systembehavior asrevealedfrom
Fig. 3, whereTH Ø movestowardshighervalueswith increasedin-
terarrival variability. Consequently, a detectionalgorithmwould

comparethe current
ÝÞBßDà á ã with the

ÝÞ5ß=à á
of the initial TH Ø

and searchfor TH ãØ towardsthe left, if
ÝÞ5ß=à á ã=ä ÝÞ5ßDà á

and
towardstheright, otherwise.

VI . CONCLUSIONS

In this paperwe have presenteda playoutadaptationalgorithm
for packet video receivers. The performanceof the algorithm
hasbeenstudiedaroundtwo antagonisticperformancemetrics,
the streamcontinuity andthe reductionof meanplayoutrate. A
new metric, theVarianceof Distortionof Playouthasbeenintro-
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TH controller

minimize VDoP VDoP(n) buffer level (n)

Target

^

playout

Fig. 7. 2-level controllerfor thedetectionof TH å
ducedanditspotentialadvantageoverapreviouslyusedcontinuity
metric hasbeenpointedout. We have extendedpreviousknowl-
edgeon continuity/playout-ratetradeoff, by identifying the area
of thresholdvalues,wherea beneficialcompromisebetweenthe
two performancemetricsexists. Basedon analysisandsimula-
tion we havestudiedthebehavior of theplayoutalgorithmandits
sensitivity to the variability of the arrival process.Basedon that
knowledge,we have proposedanonlinealgorithmfor thecontrol
of therateadaptationmechanismin implementedsystems,where
thedistributionof interarrivalscanbeallowedto changewith time.
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