
Introduction

Synchronizationinmultimediasystemsreferstotemporalrelationships
betweenmediaobjectsinthemultimediasystems.Infuturemultimedia
systems(based,e.g.,onMPEG-4)synchronizationmayalsoreferto
spatialandcontentrelationships,aswellastemporal.
Synchronization between media objects comprises relationships
betweentime-dependentmediaobjectsaswellastime-independent
mediaobjects.Synchronizationmayneedtooccuratdifferentlevelsina
multimediasystem,consequentlysynchronizationsupportistypically
found in the operating system,communication system,databases,
multimediadocuments,andtheapplication.A generalschememight
involvealayeredapproachtoachievingsynchronization.Forexample,a
Computer-Supported CollaborativeWorkgroup (CSCW)sessionmight
involved amulti-partyvideo conferencing sessionwithaudio,and a
sharedwhiteboard.Partiesmaymakereferencetoobjectsontheshared
whiteboard,usingapointer,tosupportwhattheyaresaying(e.g.,saying
"Thisareahere..."whileindicatingtheareawithapointer).Here,video
and audio are continuous media objects which are highlyperiodic,
whereasthesharedwhiteboardisadiscretemediastream,aschanges
toitarehighlyirregular(thecontent,includingthepositionofthepointer,
dependsonwhichparticipanthascontroloftheobjectandwhenthey
makechangestoit).Themediastreamsmustbehighlysynchronized,
sothatspeechremainslipsynchronized,andthewhiteboardupdates
aresynchronizedwithaudioreferencestothem.
Theoperatingsystem andlowerlevelsofthecommunicationsystem are
responsibleforensuringthatjitteronindividualstreamsdoesnotoccur
during presentation ofthe video,audio,and whiteboard streams
(intramediasynchronization).Atahigherlevel,theruntimesupportfor
thesynchronizationofmultiplemultimediamediastreamsmustensure
thatthevariousmediastreamsremainsynchronizedwithrespectto
eachother(intermediasynchronization).Finally,theapplication(s)are
responsibleforensuringsynchronicitybetweenapplication-levelevents
(usuallyinitiatedbytheusers).Forexample,iftheapplicationatthe
sourcedoesnotcapturetimingdependenciesbetweenauserwaving
thepointeroverpartoftheobjectinthewhiteboardandthesupporting
audiostream,thenitwillbeimpossiblefortheapplicationatthesinkto
knowthatthewhiteboardandaudioeventsneedtobesynchronized.
Thetemporalrelationsbetweenmediaobjectsmustbespecifiedduring
captureofthemediaobjects,ifthegoalofthepresentationistopresent
media in the same way that they were originially captured.
Synchronizationinformationofeventsinananimationsequenceora
slideshow isusuallyspecifiedbythedesigner,using,forexample,a



time-axis.

AReferenceModelforMultimediaSynchronization

A reference modelis needed to understand the requirements of
multimediasynchronization,identifyandstructureruntimemechanisms
thatcan supportthese requirements,identify interfaces between
runtime mechanisms, and compare solutions for multimedia
synchronizationsystems.
Figure11.1showsareferencemodelformultimediasynchronization
systems.Eachlayerimplementssynchronizationmechanismswhichare
providedbyanappropriateinterface.Theseinterfacescanbeusedto
specifyorenforcethetemporalrelationships.Eachinterfacecanbe
usedbytheapplicationdirectly,orbythenexthigherlayertoimplement
an interface. Higher layers offer higher programming and QoS
abstractions.

MediaLayer
Anapplicationoperatesonasinglecontinuousmediastream,whichis

treatedasasequenceofLDUs.Networkingcomponentsmustbetaken

intoaccount.Providesaccesstofilesanddevices.

Stream Layer
Thestream layeroperatesoncontinuousmediastreamsaswellas

groupsofmediastreams.Inagroup,allstreamsarepresented in

parallelbyusing mechanisms forinterstream synchronization.QoS

parameterswillspecifyintrastream and interstream synchronization

requirements.

Continuousmediaisseenasadataflowwithimplicittimeconstraints;



individualLDUsarenotvisible.Anapplicationusingthestream layeris

responsibleforstarting,stoppingandgroupingthestreams,andforthe

definitionoftherequiredQoSintermsoftimingparameterssupported

bythestream layer.Itisalsoresponsibleforthesynchronizationwith

time-independentmediaobjects.Tasksincluderesourcereservationand

LDUprocessscheduling.

ObjectLayer
The objectlayer operates on allmedia streams and hides the

differencesbetweencontinuousanddiscretemedia.Anapplicationthat

interactswiththislayerwillbepresentedwithaview ofacomplete,

synchronizedpresentation.Thislayertakesacompletesynchronization

specificationasitsinputandisresponsibleforthecorrectscheduleof

theoverallpresentation.

SpecificationLayer
Thislayercontainsapplicationsandtoolsthatareallowedtocreate

synchronization specifications (e.g., authoring tools, multimedia

documenteditors).

Thespecificationlayerisalsoresponsibleformappinguser-required

QoSparameterstothequalitiesofferedattheobjectlayerinterface.

Synchronizationspecificationscanbe:

 Interval-based:specificationsofthetemporalrelationsbetween
thetimeintervalsofthepresentationofmediaobjects

 Axes-based:allows presentation events to be synchronized
accordingtosharedaxes,e.g.,aglobaltimer

 Controlflow-based:atspecifiedpointsinpresentations,theyare
synchronized

 Event-based:Events in the presentation trigger presentation
actions

SynchronizationinaDistributedEnvironment

Synchronizationinadistributedenvironmentiscomplex,becausethere

maybemorethanonesourceofmultimediadata,andmorethanone

sink consuming it.The synchronization information forthe various

mediastream mayalsoresideatdifferentsources.

Transportofthesynchronizationspecification
Thesinkneedstohavethesynchronizationinformationavailableto



correctly display an object.There are three main approaches to

deliveringthesynchronizationinformationtothesink:

 Deliveryofthesynchronizationinformationbeforethestartofthe
presentation

 Useofanadditionalsynchronizationchannel
 Multiplexeddatastreams

Ifthemultimediapresentationisliveandmultiplepartiesareinvolved,
then none of the approaches above is suitable for delivering
synchronizationinformationtothesink(s)inatimelyfashion.Figure
11.2showstypicalcommunicationpatterns.

Ofparticularinteresthere,isthatifmultiplesinksareinvolved,thenthey

willreceive identicaldata.Itwould be inefficientifthe data were

replicatedatthesourceforseparatetransmissiontoeachofthesinks.It

would also beinefficientifthesameoperation wascarried outat

different sinks. Multicasting or broadcasting of streams is the

responsibility of the stream layer,whereas efficient planning of

operation execution in the differentcommunication patterns is a

responsibilityoftheobjectlayer.

Multi-StepSynchronization

Inadistributedenvironment,synchronizationistypicallyamulti-step

process,duringwhichthesynchronizationmustbemaintainedsoasto

enable the sink to perform the final synchronization. The

synchronizationstepsare:



 duringobjectacquisition,e.g.,duringframedigitization
 duringretrieval,e.g.,synchronizedaccesstoframesofastored

video
 duringdeliveryoftheLDUstothenetwork
 duringthetransportoftheLDUs,e.g.,usingisochronousprotocols
 atthesink,e.g.,synchronizeddeliverytotheoutputdevices
 withintheoutputdevice

With many differentpoints atwhich synchronization mustoccur
decisionsmustbemadeabouthow toimplementit.Afirstdecisionis
the selection of the type of transport for the synchronization
specification.In runtime,decisions mustbe taken concerning the
locationofsynchronizationoperations,keepingclocksinsynchrony(if
used to provide common timing information),and the handling of
multicastandbroadcastmessages.Coherentplanningofthestepsin
thesynchronizationprocess,togetherwiththenecessaryoperationsof
the objects,e.g.,decompression,mustalso be done.In addition,
presentationmanipulationoperationsdemandadditionalreplanningat
runtime.

SynchronizationSpecification

Asynchronizationspecificationshouldcomprise:

 Intra-objectsynchronizationspecificationsforthemediaobjects
ofthepresentation

 QoSdescriptionsforintra-objectspecifications
 Inter-objectsynchronizationspecificationsformediaobjectsof

thepresentation
 QoSdescriptionsforinter-objectsynchronization

Inaddition,theform,oralternateforms,ofamultimediaobjectmaybe
described.Forexample,atextcouldbepresentedastextonthescreen
orasageneratedaudiosequence.Inthecaseoflivesynchronizations,
the temporalrelations are implicitly defined during capture.QoS
requirementsarespecifiedbeforethestartofthecapture.Inthecaseof
syntheticsynchronization,thespecificationmustbecreatedexplicitly.

Timestampingandpackarchitecture.

wehavestudiedthereferencemodelformultimediasynchronization

andthesynchronizationrequirementsinadistributedenvironment.The

issueofsynchronizationhasbeenaddressedinMPEG-2standard,where



intra-media continuity and inter-media synchronization have been

handlesatdifferentlayersofthemultimediastream.Inthislesson,we

aregoingtostudythearchitectureofmultimediastreamsandthetime-

stampingrequirementstoensuresynchronizationbetweenthedigital

storagemedium (DSM),i.e.thesourceandthesystemstargetdecoder

(STD),i.e.thesink.

Requirementsofmediaplayback

Therearetwodistinguishingrequirementsofmediaplayback:

•Intra-mediacontinuity

•Inter-mediasynchronization

InordertounderstandMPEG synchronization,itisnecessaryfirstto

familiarize with the encoder’s system architecture.Atthe time of

encodinginMPEG,inthefirststage,videoframesandaudiosamples

areseparatelyencoded,andanindependentstream ofbytesisoutput

foreach media channel.Each media stream is then packetized

independently.Packetsfrom thedifferentstreamsareinterspersedto

form asinglemultiplexedstream ofpackets,andthemultiplexedstream

isthenorganizedintopacks,witheachpackcomprisingofanintegral

numberofpackets.

Packsandpackets

InaMPEG stream,whereascontinuityishandledatthepacklayer,

synchronization is handled atthe packetlayer.Fig.35.1 shows the

generationofpacksattheencoder.Thedecodersystem referredtoan

System TargetDecoder(STD),asshown



RequirementsofSystem ClockReference(SCR)InMPEGstream,packs

constituteacommonsystem layerappearedaroundamediaspecific

compressionlayer,andhousethefollowingfunctionsattheencoder:

•Interleavingofmultiplecompressedstreamsintoasinglestream

•Timestamping:insertionoftheSCRSCR’saresampledvalues(inHz)

oftheencoder’sclockwhichisconstrainedtomeetthefollowingdrift

boundsonitsfrequency:

•Nominalfrequency=90,000Hz

•Fractionalfrequencydriftρ≤0.00005



•Frequencydriftυ≤4.5Hz

•Rateofchangeofdriftδυ/δt≤0.00025Hz/s.

Takingdriftattherateof0.00025Hz/s,thefrequencycangobeyondthe

permitted4.5Hzdriftboundoveraperiodofabout5hours.Hence,

continuousoperationoftheencoderforlongerthan5hoursmayneed

resynchronization.SCRisinsertedintoeachpackheader.TheSCRvalue

inapackissetequaltoreadingoftheencoder’sclockattheinstantthe

lastbyteoftheSCRisconstructedattheencoder.SuccessiveSCR’s

cannotdifferbymore than 0.7 seconds to assure accurate clock

updatingattheSTD.Hence,thetimeintervalbetweensuccessivepacks

cannotexceed0.7seconds.Apackheaderalsocontainstherateofthe

multiplexedstream asmanifestedinthepackandistermedthemux-

rate.Themux-rateisnotthebitorthebyteratebutisascaledvalue.

Suppose,thenumberofbytesfollowingtheSCRinapackptillend=lp

bytesandtlisthetimeatwhichthelastbyteofthepackisconstructed

attheencoder.Then,themux-rateiscomputedas

Themux-ratemayvaryfrom packtopack.

Thefirstpackheaderusuallycontainsthefollowingadditionalsystem

headers

•Ratebound:Max.mux-ratecodedinanypack.

•Video bound:Integer,indicating the maximum numberofvideo

streams(upto16).

•Audio bound:Integer,indicating the maximum numberofaudio

streams(upto32



•Video,Audio lock flag :indicates ifthere is a specific constant

harmonicrelationshipbetweenthemediasamplingratesandtheSCR

frequency.

•Fixedflag:definedinthefollowingsection.

Packarchitectureandpackheaders

showsthecompositionofapackfrom thepackets.

Thefixedflagindicateswhetherthestream isoffixedbitrate,inwhich

case,SCRsofeachpackinthemultiplexedstream bearthefollowing

linearrelationshipwiththesizeoffsetofthepackwithinthestream.

whereaandbarereal-valuedconstants,iistheindexofthefinalbyteof

theSCRfieldcountedfrom thestartofthemultiplexedstream.Ifthe

datarateaveragedbetweenthesuccessiveSCRsisequaltothemax-

ratefield,thefixedflagisset.Ifthemux-ratefieldindicateshigherthan

theaveragerate,thenthestream isdeliveredinbursts.Inorderto

transform aburstystream intoaconstantbitratestream,MPEGpermits



anencodertoinsertapaddingstream.Suchapaddingstream would

consistofasequenceofpacketsinterleaved withaudio and video

packetswithineachpacktoachieveaconstantbitrateovertheentire

pack.AttheSTDupondemultiplexing,thepaddingstream packetsare

simplydiscarded.

imageindexingandretrieval

Fourmainstepstoapproachestheimageindexingandretrieval

ContentbasedImageRetrieval(CBIR)–lowlevelfeatures

 Extractlowlevelimagefeatures(color,edge,textureandshape)

 Expandtheseimagefeaturetowardssemanticlevels

 Indexontheseimagesbasedonsimilarmeasurement

 Relevancefeedbacktorefinethecandidateimages



Imagerepresentation

Avisualcontentdescriptorcanbeeitherglobalorlocal.

Theglobaldescriptorusesthevisualfeaturesofthewholeimage

A localdescriptorusesthevisualfeaturesofregionsorobjectsto

describetheimagecontent,withtheaidofregion/objectsegmentation

techniques



LowlevelFeatureExtraction–

ColorRepresentation

ColorColorisverypowerfulindescriptionandofeasyextractionfrom

natureimagesinitsconsiderablevariancechanges:

Illumination

Orientationofthesurface

Viewinggeometryofthecamera



Colorfundamentals

Lightofdifferentwavelengthsproducesdifferentcolorsensationssuch

asindifferentbroadregions(violet,blue,green,yellow,orangeandred)

Colorfundamentals

Thecolorsthathumansperceiveinanobjectaredeterminedbythe

natureofthelightreflectedfrom theobject.

Visiblelightiselectromagneticradiationwithaspectrum wavelength

rangingapproximatelyfrom 400to780nm.

Red,GreenandBluearetheadditiveprimarycolors.Anycolorcanbe

specifiedbyjustthesethreevalues,givingtheweightsofthesethree

component

Colorspace

RGB(Red,GreenandBlue)space

TheRGB colorspaceisthemostimportantmeansofrepresenting

colorsusedinmultimedia.

Acolorcanberepresentedinaform (r-value,g-value,b-value).Thevalue

inhereisdefinedasthepercentageofthepurelightofeachprimary.

Examples:

(100%,0%,0%)–puresaturatedprimaryred

(50%,0%,0%)–adarkerred

(0%,0%,0%)–black

(100%,100%,100%)–white

ACartesianCoordinateSystem isdefinedtomeasureeachcolorwitha

vector.

apracticalsystem,aRGBcolorcanholddifferentbitssuchas24-bit,15

-bitand12-bitcolordepth.24-bit--fullRGBcolorspace15-bit–5-bitfor

R,6-bitforGand5-bitforB12-bit–4-bitforR,4-bitforGand4-bitforB



Thecolorcoherencevector(CCV)isatooltodistinguishimageswhose

colorhistogramsareindistinguishableTheCCV isadescriptorthat

includesrelationshipbetweenpixels–spatialinformation

ColorCoherenceVector(CCV)Acolor’scoherenceisdefinedasthe

degreetowhichpixelsofthatcoloraremembersoflargesimilar-color

regions.These significantregions are referred as coherentregions

whichareobservedtobeofsignificantimportanceincharacterizing

images Coherence measure classifies pixels as eithercoherentor

incoherentA colorcoherencevectorrepresentsthisclassificationfor

eachcolorintheimag

ForRGBcolorspace,ifeachcolorchannelM isdiscretizedinto16levels,

thetotalnumberofdiscretecolorcombinationscalledhistogram binsN.

H(M)isavector,Whereeachrepresentsthenumberofpixelsinimage

M fallingintobiniM3=16x16x16=4096binsintotal(hh,h,...h)

TextureTheconceptoftextureisintuitivelyobviousbuthasnoprecise

definition

TexturecanbedescribedbyitstoneandstructureTone–basedon

pixelintensitypropertiesStructure–describesspatialrelationshipsof

primitive


