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Abstract

Emeging applicationslike asynchronouslistantlearningand collaboratve engineering
requireorganizationof mediastreamsas multimediapresentationsThe browsing of pre-
sentationsenablesnteractve sur ng of the multimediadocuments.We proposespatio-
temporabrowsingof multimediapresentations thesensehatbrowsingcanbeperformed

bothin the spatialandtemporaldomain.

The spatialbrowsingis providedby incorporationof cameracontrolslike panningtilting,
andzooming. Panoramicimagesenablea kind of browsing by storingthe imageat high
resolutiondrom variousangles.However, thegeneratiorof highresolutionsprite(mosaic)
from digital videois notaneasytask. Sincethe videodatamay alsoexist in acompressed
format, new featuredik e boundariehave to be extractedfrom the compressedideo. We
considercompressedatathatis generatedy DiscreteCosineTransform(DCT), which
hasbeenusedin MPEG-1, MPEG-2, MPEG-4,andH263.1. Global Motion Estimation

(GME) hasbeenimproved for videoswheremotion doesnot occurfrequently Motion



sensorswhich aresensitve pixelsto motion,areproposedo indicatethe existenceof mo-
tion andyield quick approximationto the motion. Motion sensorgeducethe amountof
computation®f the hierarchicalevaluationof low-passltered imagesn iterative descent
methods.The generateagpritesare usually moreblurredthanoriginal framesdueto im-
agewarpingstageanderrorsin motion estimation.The temporalintegrationof imagesis
performedusingthe histempoal Iter basedon the histogramof valueswithin aninter
val. Theinitial framein thevideosequencés registeredat a higherresolutionto generate
high resolutionsprite. Insteadof warpingof eachframe,the framesare warpedinto the
spriteatintenalsto reducetheblurring in the sprite.We alsointroducea new spritecalled
conservativespritewherenew pixelsareexclusively mappednthespriteduringtemporal
integrationphase Thesprite pyramidis introducedo handlespriteatdifferentresolutions.
To measurghequality of thesprite,anev measurealledsharpness usedto estimatehe

blurringin the sprite. The generatedpriteis usedfor spatialbrowsing.

Ontheotherhand,temporalbrownsingis closelyrelatedwith the synchronizatiorof differ-
entstreams.The power of synchronizatioomodelsis limited to the synchronizatiorspec-
i cations and userinteractions. The proposedsynchronizatiormodelis an event-based
modelthat canhandletime-basedactionswhile enablinguserinteractiondik e backward
andskip. Thesynchronizatioomodelprocessethe synchronizationulesbasedon Event-
Condition-Action (ECA) rules. Sincethe structureof a synchronizatiorrule is simple,

the manipulationof the rules can be performedeasily in existenceof userinteractions.

Vi



The synchronizatiormodelusesRecever-ControllerActor (RCA) schemeo executethe
rules. In RCA schemerecevers, controllers,andactorsare objectsto receve events,to
checkconditions andto executeactionsyespectrely. Thesynchronizatiomulescaneasily
be regeneratedrom SMIL expressions.The deductionof synchronizatiorrulesis based
on authors speci cation. A middle layer betweenthe speci cationandthe synchroniza-
tion model assistshe synchronizatiormodelto provide userinteractionswhile keeping
the synchronizatiorspeci cationminimal. We call this middle layer asmiddle-tier The
middle-tierfor multimediasynchronizatiorhandlessynchronizatiorrulesthat canbe ex-
tractedexplicitly from theuserspeci cationandsynchronizatiomulesthatcanbededuced
implicitly from explicit synchronizatiomules. Thesynchronizatioimodelalsogeneratea
virtual timelineto managehe userinteractionghatchangehe courseof the presentation.
Theveri cation andcorrectnes®f schedulesrealsoimportant. The generalmethodso
checkthecorrectnessf aspeci cationaretheoreticaleri cation, simulation,andtesting.
Model checkingis a techniquethat automaticallydetectsall the statesthat a modelcan
enterand checksthe truthnessof well-formed formulas. Moreover model checkingcan
presentontradictoryexamplesf theformulasarenotsatis ed. PROMELA/SPIN [45, 44]
tool hasbeenusedfor modelcheckingto checkLTL (Linear TemporalLogic) formulas.

Theseformulascanautomaticallybe generate@dndveri ed.

Vil
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Chapter 1

Intr oduction

The managemenodf multimediapresentation®iave gainedgreatsigni cance as applica-
tionssuchasvideoteleconferencingyideo-on-demandsducationalearningandtutoring,
asynchronouslistantlearning,andcollaboratve engineeringemepged. The rst presenta-
tions weresimilar to TV broadcastvhereusershave to be readyat the beginning of the
presentatiorand could not interactwith the presentation As the technologyfor the mul-
timediadataimproved, the multimediapresentationareableto be storedandaccesseat
differenttimesby varioususers.Therehave beenchallengingproblemsconfrontedwhen
multimediapresentationenableuserinteractionsandthe multimediadataaretransmitted
over networks sharedby mary users. The loss of the dataover the networks requiresa

comprehense speci cation of the synchronizatiorrequirements. The userinteractions
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thatchangehecourseof apresentatioritherincreasedhecompleity of thespeci cation
or arenot allowed. Spatialbrowsing of video documentsnableghe viewersto visualize
interestingobjectsfrom their perspectie. Spatialbrowsing requiresaccuratesprite gen-
erationfrom video. Sprite generatiorhasto be performedin compressedlomainif it is

possible.Low resolutionspritesandblurredspritesareresultsof traditionalspritegenera-

tion techniqueghatcannotbe appliedfor spatialbrowvsing.

The browsing of multimedia presentationsn distributed ernvironmentsis signi cant to
presentcorrectpresentationgffectively. In this dissertationbrowsing is consideredas
spatio-temporabrowsing sinceit canbe performedin the spatialandtemporaldomain.
The spatialbrowsing providesbrowsing of videosandimagesn the presentationsSpatial
browsing suppliesbrowsing of video without actually stoppingand rewinding the video.
On the otherhand,temporalbrowsing enablesnvestication of speci ¢ sectionswithin a
presentation.Spatialbrowsing dependson accuratesprite generationrwhereasemporal

browsingrequiresrobustand e xible multimediasynchronizatiormodel.

1.1 Sprite Generation

The size of multimediapresentationss large due to the size of video streamsthat are

presented.Video standarddike H263.1, MPEG-1,and MPEG-2 have beenproposedo
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reducetheredundang in video streamghatconcentraten spatialredundang in a single
frameandtemporalredundang in consecutie frames.The introductionof MPEG-4[87]

hasrevealedthat thereis still redundang in the objectdomain. MPEG-4 hasincreased
themotivationfor the spritegeneratiorandvideo objectseggmentation A camerashotcan
only capturea window from a large scene. The processof generatiorof the big picture
from shotstaken consecutiely or at intervals from calibratedor uncalibratedpoints is

calledspritegeneation. A spriteis animageof alignedpixelsbelongingto avideoobject
thatis visible throughouta video sceng74]. Oncethe spriteis generatec&ndobjectsare
sgmentedthevideoobjectscanbelayeredontheregionsof asprite. Thespritegeneration

andseggmentatiorof videoobjectsreducethe sizeof videodatasigni cantly.

MPEG-4usesa generalterm sprite insteadof mosaicfor the big pictureof video objects.
Thetermbackgrounds alsousedinsteadof the term mosaic. The representationsf mo-
saicsareinvestigatedin [48]. A mosaicimageis constructedrom imagesequencegiving
a panoramicview of the scene. A static mosaicis obtainedby applying sometemporal
Iters (mean,median).Staticmosaicrepresentshe whole picturewithout the moving ob-
jects.Dynamicmosaids the currentframewith themostrecentupdatedscene This canbe
considerecsanextensionof themostrecentframewith its surroundinglf themosaicalso
includesthe objectsof all theframesiit is calledsynopsisnosaic Synopsignosaicis used
to display how the moving objectsdisplacetheir locationsin the whole picture. Mosaic

generations composedf imagealignment,imageintegration, and residualestimation.



CHAPTER1. INTRODUCTION 4

Mosaic canbe constructedusing averagetemporalintensity temporalmedian,weighted
temporalmedianor average or combinationof these.lImagealignmentmay be performed
usingthe 2D motionmodelor 3D motion model. The framesmay be alignedfrom frame

to frame,frameto mosaic,or mosaicto frame.

Thevideodatamayexist asraw datawhereframesconsistof pixel valuesor in compressed
form asin MPEG standardsMost of the previous compressiomethodsutilize Discrete
CosineTransform(DCT) [37]. Decompressinglataand processingn the pixel domain
requirehugeamountof processingdueto the size of videos. Compressedlataprovide
additionalfeaturesn thefrequeny domainthatdecreasetheamountof processingSince
mostof the compressions performedusing DCT, extraction of featuresfor compressed
datausingDCT may decreas¢he amountof processing@ndprovide moreinformationfor
the sprite generatiorand objectsegmentation. The sprite generatiorand objectsggmen-
tation requirecameramotion detection. Cameramotion detection,sprite generationand

objectsegmentatiorhave beencloselystudied.
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1.2 Multimedia Synchronization

Multimedia synchronizatiordealswith the synchronizatiorof mediastreamsn a presen-
tation. Synchronizations classi ed asintra-streamsynchronizatiorandinter-streamsyn-
chronization. The intra-streamsynchronizatiormanageshe presentation®f streamsat
arequiredrate (e.g. playing video 30frames/second)The inter-streamsynchronization
managesherelationship@amongthe streamsTherearetwo typesof inter-streamsynchro-
nization: ne-grainedsynchronizatiorandcoarse-gainedsynchronization Fine-grained
synchronizatiomequiresatight synchronizatioetweereachsegmentof two streamdik e
a lip-synchronizatiorbetweeraudioandvideo. Most of the researchn ne-grainedsyn-
chronizationaims at lip-synchronizatiorbetweenaudio and video [92]. Coarse-grained
synchronizatiorhandlesthe relationshipsamongstreamsand determinesvhen streams
startandend. Synchronizatiorspeci cationlanguagesike SMIL [88] focuseson the syn-

chronizationrequirementsor coarse-grainedynchronization.

Therehave beenvariousapproacheto dealwith modelingof multimediapresentationand
managemenbf browsing capabilities. The modelsin the previouswork canbe classi ed
aseithertime-basear event-basedThe advantageof time-basednodelsis the easyspec-
i cation of thetemporallayoutof the mediaobjectsin a presentationThe disadwantages
the limitationswith the speci cationandapplicationof the synchronizatiorrequirements.

Evenif the complex synchronizatiomequirementsreignoredin time-basednodels,the
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userinteractionssuchaspause play, resumeand (fast-slav) forward needto updatethe
starttime anddurationsof streamsThemanagemeruf thebackwardpresentationsr skip
operationss not very comple sincethe startand endingtimes of eachmediaobjectare
known. Thetime of mediaobjectsfor a backward presentationandthe mediaobjectsthat
areactive at a speci ¢ point canbe gured out throughthe time relations. If time-based
modelsenforceconstraintdo satisfysynchronizatiomequirementsthe skip andbackward

functionsalsobecomdlif cult to handle.

1.3 Spatial Browsing

Spatialbrowsing for a recordedvideo enablesthe usersto view interestingscenesand
objectsin the ervironmentfrom the perspectie of users. Although spatialbrowsing of
recordedvideo wasnot consideredtherehasbeenresearcton building blocksof spatial
browsing. The fundamentalssueis accuratesprite or mosaicgeneratiorfrom the video.

Spriteshelpreducethe sizeof original video streamghatarepresented.

In recentyears,cameracontrol hasbeenstudiedby usingdifferentstratgjiesat hardware
andsoftwarelevel. Althoughtemporalbrowsing of videois supportedoy mary applica-
tions, incorporationof spatialbrowsing hasbeendelayeddueto the late improvementsn

global motion estimation,sprite generationand manufcturingof specialcameras.lt is
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hardto determinethe mostinterestingobjectsandsceneghat arefavoredby all viewers
in the environment. In traditionalapplications cameramerare responsibldor capturing
the mostinterestingevents,actvities, andscenesTherefore the storedvideo containsthe
scenaecordedrom the perspectie of the cameramenlt hasbeenrealizedthatwhathas
beenimportantto the camerameis not necessarilfhe mostimportantobjector scengor

all viewers. Thereare a coupleof waysto handlethe cameracontrol: transformingto a
virtual ernvironment,automatingthe camerato follow the pre-de nedobjects,and using

advancedcamerdik e panoramiccameraandthenextractingimportantregions.

Videoobjectsggmentationyhichemphasizesn partitioningthevideoframesinto seman-
tically video objectsandthe backgroundhasbecomea signi cant issuefor the effective
manipulationof MPEG-4and MPEG-7. However, therehasbeensigni cant amountof
video that hasbeencompressedising MPEG-1 and MPEG-2, which use Discrete Co-
sineTransform(DCT) to compresslata.Decompressingataandthenprocessinglecom-
pressediatais computationalntensve. It is importantto extract somecoarsefeatureso

reducedecompressioandto usethesefeaturesn processing.

The spritegeneratiormethodsbene t from recentglobal motionestimation(GME) meth-
ods,whichyield almostaccuratesstimationof motionparametersHowever, thegenerated
spritesare usuallymore blurredthanoriginal framesdueto imagewarpingstageander-

rorsin motionestimation.Thetransformecdtoordinatesesultingfrom GME aregenerally
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real numberswhereasmagesare sampledinto integer values. Although GME methods
generatgropermotion parametersa slight errorin motion estimationmay propagteto

subsequergpritegeneratiorsteps.

The ordinary sprite generationtechniquedocus on cameramovement,accuratemotion
estimationalignment,andintegration. Thesetechniquesgnorethe resolutionof original
imagesand the regeneratedmagesfrom the sprite are likely to have lower resolutions
thanthe original ones. Especially if the scenedave nite depthandzoom-inandzoom-
out operationsoccut the segmentsof the sceneare capturedat differentresolutions.The
traditional sprite generatiormethodseitherblur the sprite by integratinglower resolution
s@mentsor useunnecessariarge storagefor the sprite. The previous approachesave
not consideredhe accurategeneratiorandef cient storageof the sprite. Sincethe sprite
generatiormethodsare basedon mosaicgeneratiortechniquesthe spritegeneratioris a

lossyprocess.

1.3.1 Featuresfor Compresseddomain and Accurate Sprite Genera-

tion

The featuresextractedfrom the compressedlatacan be usedto identify signi cant re-

gions beforethe sggmentation. Sincethe compressioriechniquein MPEG-1, MPEG-2,
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andMPEG-4is DCT, we proposeareliablemethodto extractsigni cant blocksby extract-
ing featuresaboutthe smoothnesandboundariesrom DCT compressedlocks. Features
aboutsmoothnessnd structureof boundariesare evaluatedto determinethe signi cant

blocksfrom compressegideofor objectseggmentation.

The temporalintegration is one of the core partsthat introduceextra blurring in sprite
generation.The temporalintegration of imagesis performedusingthe histempoal Iter
basedon the histogramof valueswithin aninterval. Thehistempoal Iter is ageneralized
Iter andkeepsthe histogramof valuesthatmapto a speci ¢ interval. The initial frame
in thevideosequencés registeredat a higherresolutionto generaténigh resolutionsprite.
Insteadof warping eachframe, the framesare warpedinto the sprite at intervals. This

reducegheblurring in the sprite.

The sprite pyramid (or layered sprite) allows ef cient storageof imagesor video clips
of overlappingscenest differentresolutions.Moreover, theimagesor video framescan
be reconstructedrom the sprite pyramid at the necessaryesolutions. A sprite pyramid
allows the regenerationof the video at the properresolutions. Eachlayer of the sprite
pyramid correspondso a differentresolution. The sprite pyramid allows the regeneration
of differentsegmentsat differentresolutionsasthey werecaptured.The spritepyramidis

createdf thescenehas nite depthandtherearezoom-inandzoom-outoperations.
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1.3.2 VideoCruise:Spatial Browserfor RecordedDigital Video

Spatialbrowsing of video documentsnableghe viewersto visualizeinterestingobjects
from their perspectie. We have developeda systemtermedasVideoCruiseg to spatially
browsethe videodocumentsVideoCruiserequiresaccurateglobal motion estimationand
accuratespritegeneration Althoughtherehave beenmethodsdevelopedto performthese
operationsthe output of thesetechniquescan only be usedwith motion compensation.
VideoCruisemanipulateshe sprite and the original framesto allow interactve spatial
browsing that enablespanning,tilting, and zooming. We do not assumehat the scene
is prede ned. We considersceneghat are capturedusinga single camera.The usercan
browsethe sceneby usingcameraoperationdik e panleft andright, tilt up anddown, and

zoomin andout.

1.4 Temporal Browsing

Multimedia presentatiormanagementesearclstartedwith organizationof streamsthat
participatein the presentationandVCR-basediserinteractionsareincorporatedat differ-
entlevels at the laterresearch.Initial modelsonly considersimpleinteractiondik e play,
pauseandresume.Flexible modelsdo not enforcetiming constraintsandtemporalorga-

nizationis ratherperformedby relatingeventsin the presentationFor example,streamA
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startsafter (meets)streamB. Thereis no enforcemenbn mediaclock time like streamB

hasto endat aninstantandat thatinstantstreamA hasto start. Sincetheremay be delay
in the play of streamB, to startstreamA after streamB brings e xibility by not enforc-
ing timing constraints Speed-u@ndslow-down operationsareincludedat a later stagein

initial models.Skip andbackwardinteractionscanbeincorporatedn time-basednodels.
But e xible modelscould not incorporatethesefunctionalitiesadequatelyThereareonly
few e xible modelsconsideringskip operation. Thesemodelshave somerestrictionson

theapplicationof skip functionality

The userinteractionsthat changethe courseof the presentatiorare necessaryn applica-
tions wherea detailedinvestigation of a presentations required. Distanceeducatiorand
sportspresentationareexampleswherethis type of userinteractionss neededBackward
andskip aretwo examplesof userinteractionf this kind atthe lowestlevel. Skip directs
to anew positionwheresomeconstraintsnaybeviolatedandthe presentatiomayyield a
falsepresentationThebackward presentatiomn the otherhandrequiresmoreinformation

thatis usuallynot speci ed. We focuson VCR-basediserinteractiondn this dissertation.

1.4.1 Tackling Limitations in Synchronization Models

De ning reversetemporalrelationshipglependingpn forwardtemporalrelationshipsioes

not solve the problem. For example,the reversetemporalrelationshipfor “A meetsB” is
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“B meetsA’. Therearea coupleof scenarioghat“A meetsB” holds. Endingof A may
startB, beginning of B mayendA, or anindependenéventmay endA andstartB. This
kind of speci cationis possiblein SMIL. In all casesmeetsrelationshipholds. Should
backwardingA terminateB in backward directionor shouldendingof B in backward di-
rectionbackward A or shouldan independenevent end B andbackward A? Even for a
singlerelationship thereare mary options. “Which optionis betterthanthe others?”is

oneof thequestionghatwe try to answeifor event-baseanodels.

Therearetools that enablethe queryingof temporalrelationshipsn multimediapresen-
tations. Thesetools comparethe time intervals of streamsandmay checkthe correctness
of the speci cationat a level. Flexible modelsusuallydo not considertime instantsand
mayyield differentpresentationfom expected.Thesemodelsdo notaimto achiere dead-
linesfor the playoutof streamslin mostcasesn adistributedernvironment,theseexpected
deadlinesreviolated. Theauthoror theusermayreceve anunsynchronizeg@resentation.
Someof thequestionghattheauthorshouldconsiderare“is thereabetterspeci cationfor
the presentation?’and“doesthe synchronizatiortool really satisfythe temporalrelation-
ships?”. The queryingtools usuallyassumeperfecton-timepresentationsf streams.The

authorcannotverify whethertherequirementsrereally satis ed by themodel.

The previouswork haslimited userinteractionsnot supportechecessargynchronization

requirementsor hasassumptionsn the structureof the multimediapresentationskLIPS
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[83] haspowerful synchronizatiorrequirement$ut cannotsupportbackward andit has
limited skip functionality Hurstet. al. [46] requireat leastonemasterstreamthroughout
thepresentationNSync[12] doesnotallow backwardandit canonly allow skip afteruser
alsospeci estheoperationgor eachintenal of skip. Eitherrobustsynchronizatiomodels
with limited userinteractionsand/orcomplex speci cationor lessrobust synchronization
modelswhile enablingcomprehensie userinteractionsvere proposed.The backwarding
or skippingis consideredat the modelinglevel using Petri-Nets[73]. This requiresthe
authorto modeldifferentPetri-Netfor eachdifferentskip andbackwarding. The authors
usually do not have enoughinformation aboutPetri-Netsor they do not want to spend
so much time on detailedmodeling. In the previous (time-basedmodels, most of the
information given by the userwas satishctory for the model and userinteractions. As
the synchronizatiorrequirementsare speci ed by events, constraintsor synchronization
expressionsthe informationto the systembecamemplicit. To overcomethis, eitherthe
userhasto specifymoreinformationasin NSyncor the functionalitiesare limited asin
FLIPSandPREMO]J41]. It is still a questionwhatto specifyandhow muchto specify
We considerSMIL expressionsasthe level of speci cationandshov how our modelis
powerful. ThereasorusingSMIL expressionss to shov the compatibility of modelwith

SMIL.
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1.4.2 RuleSync: A Flexible Rule-BasedSynchronization Model with

Model Checking

It hasbeenshavn that event-basednodelshave beenmorerobustand e xible for mul-
timediapresentationsA disadwantageof the event-basednodelsis the inapplicability of
themodelin casethereis a changen the courseof the presentatiofrflike backwardingand
skipping).Mostof thepreviousmodelsarebasedn event-actiorrelationshipsThecondi-
tion of the presentatiomndparticipatingstreamsalsoin uence the actionsto be executed.
Thusevent-condition-actiofECA) rules[61], which have beensuccessfullyemplo/edin
active databasesystems,are appliedto multimediapresentations.Sincetheserules are
usedfor synchronizationthey aretermedassyndironizationrules Sincethe structureof
a synchronizatiorrule is simple,the manipulationof the rulescanbe performedeasilyin
existenceof userinteractions.The synchronizatiormodelusesRecever-ControllerActor
(RCA) schemeo executetherules. In RCA schemerecevers,controllersandactorsare
objectsto receve events,to checkconditions andto executeactionsyespectrely. Thesyn-
chronizationrulescaneasilybe regeneratedrom SMIL expressions.The authorsusually
detainfrom providing extra informationfor backward and skip operations.This kind of
informationshouldbe deducedy the modelandcorrectedby the authorif it is necessary
This deductions basedn authors speci cation. We assuméhattherearereasondehind

the way the authormakesthe speci cationanddeductionof the rulesareboundby these
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reasons.A middle layer betweenthe speci cationandthe synchronizatiormodel assists
the synchronizatiormodelto provide userinteractionswhile keepingthe synchronization
speci cationminimal. We call this middle layer asmiddle-tier The middletier is previ-
ouslyde ned asthelogical layerin a distributedsystembetweena userinterfaceor Web
clientandthe databaselt is a collectionof businessulesandfunctionsthatgenerateand
operateuponreceving information. The middle-tierfor multimediasynchronizatiorhan-
dlessynchronizatiorrulesthat canbe extractedexplicitly from the userspeci cationand
synchronizatiorrulesthat can be deducedmplicitly from explicit synchronizatiorrules.
The middle-tier reducesthe amountof userspeci cation while increasingthe power of
thesynchronizatioomodel. The synchronizatioormodelalsogeneratea virtual timelineto

managehe userinteractionghatchangethe courseof the presentation.

Theveri cation andcorrectnessf schedulesrealsoimportant.Mostly, it is theresponsi-
bility of the authorto verify the requirementsn the speci cation. Todayary userwithout
sophisticatednformation aboutveri cation can specify a multimediapresentation.The
generalmethodgo checkthesearetheoreticalveri cation, simulation,andtesting. These
areusuallyhardfor theuser(author)to handle.Modelcheckings atechniqueghatautomat-
ically detectsall the stateshata modelcanenterandchecksthe truthnessf well-formed
formulas. Moreover model checkingcan presentcontradictoryexamplesif the formulas

arenot satis ed. PROMELA/SPIN [45, 44] tool hasbeenusedfor modelcheckingwhich
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checksLTL (Linear TemporalLogic) formulas.Theseformulascanautomaticallybe gen-
eratedandveri ed. We give examplesof how our modelis built using PROMELA and
truthnesf formulasis checled by SPIN[44]. Theauthordoesnot have to know this tool
but needgo know whatto verify. We have developeda programthatthe authorcanverify

thetruthnesf the properties.

1.5 Spatio-Temporal Browsing

In this dissertationwe presentsolutionsfor e xible androbust spatio-temporabrowsing
of multimediapresentationsThedissertations dividedinto spatialbrowsingandtemporal
browsing. A systemcalled\VideoCruiseis developedto provide spatialbrownsing. A sys-
temcalledRuleSynés developedto temporallybronvsethe multimediapresentationsshen
VCR-typeuserinteractionsareenabledn distributedenvironments.Thesetwo systemsre

integratedwith NetMedia[108] andallows e xible androbustspatio-temporabrowsing.

We have achiezedthefollowing goalsastheresultof my work:

aspatialbrowserto view objectsor scenedy generatiorof accuratespritesfrom the

video

a synchronizatiormodelthat e xibly supportanteractve multimediapresentations
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in distributedmultimediasystemswith modelcheckingsupport,

to integratethesefunctionalitiesin aframework.

The Chapter2 to 6 arerelatedwith spatialbronsingandChapters/ to 10 arerelatedwith

temporalbrowsing. Therestof the dissertatioris organizedasfollows.

Chapter2 givesa comprehensi introductionof the latestapproachegroposedn

thespritegeneration.

Chapter3 explainsthe stationarybackgroundyeneratiorandthe extractionof effec-

tive featuredor videoobjectsegmentatiorfrom MPEG compressedideo.

Chapterd explainstheimprovementsn globalmotionestimationusingmotionsen-

Sors.

Chaptels presenthiow to generatenoreaccuratespritesby reductionof blurringand
discussetheissuedor thegeneratiorof spritein videowherezoom-inandzoom-out

cameraoperationccurandemphasizethe necessityof a spritepyramid.

Chapter6 explainsthe spatialbrowsingtool, VideoCruisg andreportsthe resultsof

our experiments.

Chapter7 givesa comprehensi introductionof the latestapproacheproposedn

multimediasynchronization.
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Chaptei8 presentour e xible androbustsynchronizatioomodel,RuleSync

Chapte explainshow RuleSyndandlesVCR-typeuserinteractions.

Chapterl0 describesrow modelcheckingtechniquesanbe appliedto multimedia
synchronizationwhere userinteractionsare allowed. The model checkingis per

formedusingPROMELA/SPIN andalsothe analysisof theresultsis reported.

Chapter11 providesthe conclusionanddiscusseshe future work.



Chapter 2

An Intr oduction to Sprite Generation

Thenew videocodingstandardMPEG-4[87] enableghe content-basetlinctionalitiesby
introducingthe conceptof videoobjectplanes(VOP). The codingof video sequencethat
aresggmentecbasedn video contents;e xible reconstructionandmanipulationof video
contentsat the decodehave beenthe primary objectve. Thus,videoobjectsegmentation,
which emphasizesn partitioningthe videoframesinto semanticallyideoobjectsandthe
backgroundpbecomesa signi cant issuefor the effective manipulationof MPEG-4 and

MPEG-7.

Most of the algorithmsfor spritegeneratiorandobjectsegmentatiorhave to estimatethe

motion. So,we will startwith the motionestimatiormethods.

19
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2.1 Motion Estimation

Therehave been2D and3D modelshave beenproposedo describeéhe motionin ascene.
The problemis the estimationof the parametersn thesemodels. Motion estimationis
usuallyclassi ed asglobalmotion estimationandlocal motion estimation.Global Motion
Estimation(GME) detectshemotionof acameraor hugeobjectsin thevideo. Ontheother
hand,local motion estimationis relatedwith the motion of objects.The local movements

of objectsin thevideoaffect GME.

Therearedifferenttypesof motionmodelsthatareusedin GME dependingpnthecamera
operationsandthe structureof the scene. The perspectie cameramotion modelcanbe

parameterizeds:

x. 20 22X 2y
(2 1 1) I agXi azyi 1
Y a1 4Xi aryi

agXi aryi 1
whereag, a1, ap, az, as, as, as, anday are motion parametersand Xx; y; is the trans-
formedcoordinatefor x; y; . This modelturnsinto afne motionwhen ag 0 a; O,
translation-zoom-rotatiomotion when ag a3 a3 a» ag 0 ay O, andtrans-
lationalmotionwhen a, 1 a5 1 a 0 a 0 a 0 a; 0. Theelementary
cameramovementsare panningtilting, rotation,andzoomingof a camera.lf the motion

modelre ects theseparameterst is easierto extracthow the cameramoves. To obtaina

reliablemodel,it is assumedhatthe capturedscends at concerninghe depthalongthe
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opticalaxisandtherotationis small.

In matrixform, af ne motionmodelmatrixis denotedwith

X a az ag X
(2.1.2) y a as a Y
1 001 1

To performperspectie motion transformationthe Cartesiarcoordinatesieedto be con-

vertedto homogeneousoordinates.

Theerrorbetweertwo framescanbedeclaredas

(2.1.3) e aNve

wheree | xy, | X Vi, %Yy istheintensityat x y; in thepreviousframe,and
| %y, istheintensityatthetransformectoordinatan the currentframe.Erroreis com-

putedfor overlappingpixelsin two frames.

In matrixform, af ne motionestimationcanalsobewritten as

X d2 a3 X ao
(2.1.4)

y s as y a

More generally this canbewritten as

(2.1.5) v Mv t
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whereM containghe motionparametergor the rst matrixandt containghetranslational

parametersTherelatve motionis computedas

(2.1.6) v MMv t t MMv Mt t

wherev is the vectorfor the new transformedcoordinatesM andt hold the current

motion parametersandM andt hold the motion parametersip to the currentframe.

To increasethe robustnessof motion estimation,M-estimatorg28, 90] are usedandthe

erroris expresseas:

Qo=

(2.1.7) re

wherer g <—:~|2 in theoriginalformulation. Sincethis functiongivesmoreweightto large
errors,it is biasedby local motion (which areoutliersfor globalmotion). To decreas¢he
effect of outliers,thetruncatedquadrationotionis used:

e ifg t

0O ifg t

(2.1.8) re

wheret is athresholdselectedaccordingo the histogramof theerrors.

Laplacianpyramid [19] is frequentlyusedin hierarchicalmodels. Laplacianpyramid is
a hierarchicalway of representingan imageusually at low resolutionsat the high levels
andlow resolutionsat the low levels. A coarse-tone iterative estimationof motion is
proposedn [13]. The motion modelis rst determinedor low resolutionimages. The

motion modelis re ned afterincreasingthe resolutionfor the image. Most of the GME
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techniquesoncentrat®ntheaccurag of motionparametersf thechosermotionmodels
[28, 90, 89]. Thesemethodsusuallyincludeaninitial estimatiorof thesubsebf themaotion
parametersand then adjustingof the motion parametersising a hierarchicalpyramid of

low-passltered images.

Insteadof usingall the pixelsin theimage,featureshave alsobeenconsideredor motion
estimation. The featuremodelsfor edgesgcorners,andverticesare presentedn [15, 27).
A corneris representetly the amplitudeof thewedge its apertureangle,anda parameter
to measureghe smoothnessf thewedge.Verticesarede ned asa superpositiorof corner

models.Triple junctionsarede ned by 3 adjacentegions.

MPEG uses2D translationalmodel for matching16x16 blocks. A block is assumedo
move horizontally vertically, or both. The distancebetweermrmacroblockss usuallymea-

suredby Minimum SquaréMethod(MSE) or Minimum AbsoluteDistance(MAD).

Optical o w algorithmsdo not handleimagesequencebaving large motion. The median
radial basisfunction network is usedfor optical o w estimationand moving objectseay-
mentation17]. Thenetwork is trainedusingtheinformationobtainedrom the userin the
rst framesof the video. This requiresthetraining of the network for eachvideo or even

for eachshot.
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2.2 Sprite Generation

Theintroductionof the MPEG-4[87] video standarchasmotivatedmary researchelds
like objectsggmentatiorandspritegenerationMPEG-4[87] enablesiecodingandencod-
ing of layeredspritesfor the objectsandthebackgroundThespritegeneratiorhasinitially
beenstudiedas mosaicgeneation [47, 110 23, 97]. Mosaic presentsa wide picture of
the ervironmentthat cannotbe capturedin a single frame. Mosaicsare mostly usedin
content-basedetrieval andvideo compression.The mosaicshouldinclude every section
thatis visible throughouthe videosequencelf thereis no a priori motioninformationfor
avideosequencethe motion hasto be estimatedetweereachsequentiaframe. Thepre-
vious approachesave not consideredhe accurategeneratiorandef cient storageof the
mosaic. Sincethe sprite generatiormethodsare basedon mosaicgeneratiortechniques,

thespritegenerations alossyprocess.

Spritegenerations closelyrelatedwith extractionof goodfeatures. Thesefeaturesmay
alsoneedto be extractedin the compressedomain.Featureaxtractionandedgedetection
in compressedCT domainhave beenstudiedin [70, 3, 85]. Patternsof the rst AC

coefcients by zigzagorderinghave beenusedfor coarseedgedetection85]. Thenumber
of non-zerocoefcients hasbeenstudiedin [3]. Firsttwo AC coefcients areusedfor edge
andshapedetectionin [70]. Thegeneraproblemwith the coarseedgedetectionproblems

is thatmostof the weightis givento coefcients thatappearrst accordingto the zigzag
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ordering.

In traditionalmosaicingnethodsmosaicsaregeneratedby mappingontoa predetermined
singlespace.The orderof imagesis importantin mosaicgeneration.In mostcasesthe
imagesare mappedaccordingto the rst imagein the sequence.If the imagehasthe
lowestresolution,thena low resolutionmosaicis generateandif the rst imagehasthe
highestresolution,a high resolutionmosaicis generatedin the rst casejf theimagesare
generatedrom the mosaic,they will have lower resolutionghanthoseof the originals. If
the rst imagehashigh resolution,the nal mosaicwill be hugeto resere theresolution

of the rst imageaftertheimagesarealigned.

Therehave beenvariousmethodsproposedn mosaic,sprite,or backgroundyeneration.
Theseaermsareusuallyusedin thesamesenseén theliterature.Sprite(mosaic)generation
methodsnostlydiffer in thewaysmotionestimatiorandfeaturesisedo createhemosaic.
Differentrepresentationsf mosaicdik e static,dynamic,and synopsismosaichave been
investicatedin [47]. A directmethodis usedto align imagesandto generateéhe mosaic.
Whenthe planarscenesare capturedfrom differentanglesor from the samepoint with

rotationor zooming,the translationis calledhomograpll. 2D mosaicgeneratiorfrom a

setof imagesusinghomographiess proposedn [110]. Theextractedcornerdfrom images

areusedfor mosaicgeneration A spritecreationmethodbasedon connectedperatorss
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presentedn [81]. Theimageis representeds at zonesandprunedusinga max-treerep-
resentationThe outlier detectionis obtainedoy comparingthe original frameandcurrent

onthe pixel level andthis caneliminatesomeregionserroneously

Thereare differenttypes of mosaicdependingon the cameramotion. If the camerais
translatingsidevays,a planarmosaicis generated47, 97]. Thecylindrical cameras used
for the panningcamera[110]. The sphericalmosaicis generatedvhen camerais both
panningandtilting [23]. Thesemethodslo not considerforwardmotionor zoomingof the
cameraln [72], theforward motion of the cameras modeledandthe mosaicis generated
usingthe pipe projection. For example,the mosaicsare effectively generatedrom shots
taken from a planeor a car moving in the forward direction. In this kind of videos,the
depthof thescenecanbeconsideredsin nite andprojectingthin stripsfrom imagesonto
manifoldsis effective in themosaicgenerationlf thescenealepthis nite, anothemethod
hasto be appliedsincean imageis alreadyincludedin anotherimage. Projectingthin
stripsis not effective in this case.If thereis azoomin a closedernvironmentasin distance
learningapplicationsthe pipe projectioncannotbe appliedproperly A detailedwork on
estimationof motion parameter&indgeneratiorof spriteshasbeenpresentedn [90]. A
high resolutionmosaicis generatedby sliding the mosaicandwarpingthe next frameinto
themosaic[89]. Sincewarpingoccursfor every frame,the generatednosaiccanstill be
blurred. Temporalintegrationmethodsare usedaccordingto the type of the mosaicthat

will begeneratedThetemporalintegrationmethodsalsocauseblurringin themosaic.
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Somemethodsusethe depthinformation obtainedusing a couple of cameraq38, 30].
Thebackgrounds estimatedisingclusteringmethodto t thedatawith anapproximation
of a mixture of Gaussian$38]. Whenthe backgrounds estimatedthey usethe color
information along with the range(depth)information obtainedfrom a pair of cameras.
A disparity backgroundmodelis createdfrom video-ratestereosequences [30]. The
problemis thattherearemary casesvhereonly onecamerais usedto capturethe scene.
The depthinformationis obtainedby the locationof the projectionson the epipolarline
[94]. Assumingarigid bodymotion,thearealaying behindthe objectsthatarecloseto the

cameracanbe generatedisingthe depthinformation.

Methodsbasedon existenceof errorin capturingimagesor obtainingmotion parameters
have alsobeenpresented82, 23]. A methodfor multi-imagealignmentand mosaicing
having lensdistortionis proposedn [82]. They alsousea hierarchicakoarseo ne itera-
tion usingGaussian-Laplacigoyramid. Sphericaimosaicggenerations obtainedoy using
guaternionsand densecorrelation[23]. They attemptto reducethe mismatchedetween

pixelsthatcauseblurring andghostingdueto inaccurateestimate®f camergpose.

Backgroundgeneratiorbasedon Kalman ltering andadaptve AR Iter usingpixelsval-
ueshasalsobeenproposedo extractthe background77, 14]. Kalman ltering method
assumeshatthe bestinformationof a systemstateis obtainedby an estimationthat con-

sidersnoiseon the measuremenaf the systemvalues[77]. The pixels arenot updatedf
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they belongto the backgroundvithout interveningof foregroundobjects[14]. The exam-
ple for imagemosaicingdoesnot includemoving objects. An adaptve color background
modelfor real-timesegmentationof video streamss generatedn Hue-Saturation-glue
domaininsteadof RGB spacelf thebackgrounadannotbe detectedecaus®f theocclud-
ing objects the undetectegbartis generatedby morphingof the background98]. Images
are comparedwith a storedbackgroundmodelto decreasehe bandwidth[67]. Theim-
agesaredivided into macroblocks.Eachmacroblockis comparedwith the macroblocks
of the backgroundo detectwhetherit belongsto a backgroundor foregroundobjectby

thresholding.

Thebackgroundnosaicis generatedy segmentingthe foregroundobjectsfrom the back-
groundobjectandthen nding the global motion[31]. The backgrounds segmentedby
clusteringof the dominantmotion. The alignmentof imagesis performedby using3 un-
knownsin rotationmatrix insteadof 8-parametematrix [97]. Thisrequiresthe estimation
of thefocal lengthof the camera.Sincethe cameraocal lengthcameracannotbe always
estimatedroperly theremaybe somegapsin the panoramiamagesgeneratedTo handle
this, a closegap algorithmis proposedy recalculatinghe focal length. The 8-parameter

alignmenthasalsobeenusedin [49].
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2.3 Object Segmentation

Objectsggmentatioris usuallyperformedusingregions,contoursandspeciafeaturedik e
cornersgdgesyertices etc. Thereareapproachethattry to distinguishshadevs from the
objects. Therearealsomethodgshatare proposedor the compressedomainratherthan

pixel domain.

Onemethodfor extractionof objectsextractsregion information[80, 33, 34, 26, 100, 106,
32,60, 101, 35]. A genericpartitiontreefor theregionsthatappeaiin theimageis gener
atedin [80]. Thisgenericpartitiontreecanbeusedfor unsupervisedndsupervisedpatial
segmentationyegion-basedoding,semantiaegion sggmentationandmotion spatialsey-
mentation. The binary partitioning tree basedon regions are also usedin [33] andthey
useit for retrieval from databasesA meiging algorithmis proposedcontainingmeging
order memging criterion,andregion model[34]. Regionsin animagearerepresentegvith
aregion adjaceng graph(RAG). Theregionsin I-framesaretracked comparingthe size
andtexture, motion information andthe distanceof regions[26]. A video sggmentation
algorithmbasedon watershedsindtemporaltrackingis proposedn [100]. The regions
are projectedusing motion parameters.The projectedregionsandregionsin the current
frame are compared.If the projectregion is overlappedby the currentregion a marker
is createdfor thatregion to be usedby watershednformation. The watershedalgorithm

assigndabelsfor eachregion in the image. If the projectedregion doesnot coincidein
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anotherregion, the algorithmfor watershedsannotbe usedproperly Regionsarecreated
usingcolor boundarieandBayesiarclustering[106]. The probability densityfunction of
assigningpixelsto regionshasto be submittedo clusterusingBayes.A Markovianframe-
work associateavith a Gaussiai€modelingof the color distribution for eachregionis used
for color spatialsggmentatiof32]. An imageis dividedinto regionsof pixelsthatcorre-
spondto thosepixels that are displacedfrom the previous frame[60]. The performance
of the algorithm dependson the apriori probabilitiesandthe costinformation. Kernelis
de ned asagroupof neighboringmacroblockonformingto a similar motion[101]. The

algorithmrelieson MPEG motionvectorsandgoodkernelextraction.

Thealgorithmsthatfollow contoursof objectsassumehatthe objectsdo not move fastin
consecutie frames.Theobjectsmaybetrackedby checkingthe neighborof borders.One
methodfor objectseggmentations the boundaryextractionand/ortracking[16, 54, 21, 58,
39]. Theboundariesnaynotful ll theconstraintof aregion. Gap lling approachesare
utilized to connecthe boundarysegments.Initial boundariesreobtainedvia pixel-based
segmentation[16]. The tracking of the boundariesare performedat the boundarylevel.
The nodesat the intersectionof more thantwo regions; the boundariesandregions are
keptin alist to performtheseggmentationlf thenodesarenotlinked,they areconnectedo
theclosestink with a segment. Thereareapproachethatrequireinitial userinput before
processingf videodata[54, 21,58]. A semi-automatiobjecttrackingmethodfor spatio-

temporalsggmentations proposedasedntheconcepof snalesin [54]. After theimage
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is segmenteds regions,the userinteractsto split erroneouslymergedregionsor to mege
regionsto createthe object[21]. Theroughcontoursof the objectsareacquiredfrom the
userin [58]. The contoursareusedto trackthe objects.Oncethe boundariesreobtained
from the user a boundarytrackingalgorithmis proposedo follow the boundariesn case

of motion[39].

Feature-basedhethodsrst extractfeaturedrom pixelsor selectpixelshaving distinctfea-
turesfrom others[25, 64, 52, 69, 62, 15, 27, 102. Thefeaturemodelsfor edgescorners,
and verticesare presentedn [15, 27]. A corneris representedby the amplitudeof the
wedge,its apertureangleanda parameteto measurghe smoothnessf the wedge. Ver-
ticesarede ned asa superpositiorof cornermodels. The extractedinformationis used
in objectsggmentation. An imagetracking algorithm using Jacobianbasedon selectve
pixels is proposedn [25]. If thereis a planarsurface,the pixelsin the planarsurface
arenotincludedasselectedixels. An objecttracker matcheghe binaryimagesof edges
agpinstsubsequentrames[64]. The modelis updatedevery frameto accommodatéor
rotationandchangesn shapeof the object. A modelbasedon detectionandtracking of
edgedliscoversedgedy usingtheedgesn consecutie framesandin thebackground52].
Themethodproposedn [69] consistof a motiondetectionphaseemplgying higherorder
statisticsanda regularizationphaseto achieve spatialcontinuity VOPsaregeneratedrom
anestimatedchangedetectionmask(CDM) in [62]. A buffer is usedto increasdemporal

stability by labeling eachpixel aschangedf it belongsto an objectat leastoncein the
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lastL changedetectionrmasks.Algorithm proposedn [63] hasbeeninvolvedin Core Ex-
perimentsof the MPEG-4 standardizatioprocess.The global motionis estimatedanda
scenecut detectoris usedto determinevhethertheinitial frameof the shotis considered.
Motion informationis usedto createa changedetectionmaskindicatingthe existenceof
moving objects. The shapeanformationis re ned after obtainingregionsbelongingto the
uncoveredbackground. Thesetypesof algorithmsmay detectfalseobjectsin scenarios
containingshadavs or re ections. Themodelin [65] usegheedgepixelsin anedgeimage
detection. The modelis updatedevery frameto accommodatdor rotation and changes
in the shapeof anobject. A sggmentationalgorithmbasedon Hausdorf distanceby ex-
tractingedgesds proposedn [65]. A modelbasedon detectionandtrackingof edgeq52]
discoversedgeshy usingthe edgesin consecutie framesandin the background.Video
objectsggmentatiormethodd65, 52] candetectthe edgegelying on the moving edgesof
the objects. Thesemethodseitherrequirethe raw dataor needto decompresghe original
data. Thevideo objectscanbe segmentedusingthe backgroundnodel. The blocksfrom

theframesandthe backgroundnodelarecomparedo extractobjects.

Thereare also approacheshat try to separateshadavs from the objects[104, 78, 93].
P nder [104] separateshadavs from humanbody in the sceneusing normalizationof
colorcomponentdy theluminance.They useapersommodelto extractthepersorfrom the
image.Oncesomepixelsareassociateavith anobject,amorphologicagrowing operation

is appliedto createthe personbody In [78], they assumeéhatthe varianceamongpixels
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within shadaev areawill belessthanthevarianceamongpixelsin the original background
region. A methodbasedon detectionof the penumbraandumbraof shadaevs is proposed
in [93]. This algorithmassumes single light source,a stationarycamera,and a plane

background.

Therearemethodsthat performtheir operationson the block level ratherthan pixel level
thusdecreasingensitvity to noisein theervironment[109, 84]. Therearealsotechniques
that exploit the datastructurein the compressediomainandsimplify the imagecontents
working in DC imagesobtainedfrom DiscreteCosineTransform[105. DC imageand
AC enegy of DCT coefcients areusedfor initial segmentation95]. The entrogy of AC
enepy is usedto distinguishthe regions belongingto objectsandthe background.The
entropy for objectis assumedo be high. TheregionsaremegedspatiallyusingGaussian

randomvariable.



Chapter 3

Compresseddomain Processing

Thevideodatamayalsoexist in compresseform. Videosequenceasuallycontainenor
mousdatafor video processing.Decompressinglataandthen processingincompressed
datais computationaintensve. Moreover, this may yield erroneousesultsdueto pro-
cessingunnecessargata. In this chapter methodsfor stationarybackgroundyeneration
andvideoobjectsegmentatiorin compressedomainareexpressedrie y. Thestationary
backgroundgenerations performedby usingbasicfeaturesfrom DiscreteCosineTrans-
form (DCT) blocks. The backgrounds generatedising clusteringbasedon temporalin-
formation[6]. Advancedcoarseboundaryfeaturesareextractedto eliminateinsigni cant

blocksfor videoobjectsegmentation.Thefeaturesareextractedaboutthe smoothnesghe

34
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boundaryvisibility, andtheboundarystructureof ablock[7]. SinceMPEG-1is astandard-
izedvideocompressiomethodandit usesDCT asotherstandardnethodsywe performed

someof our operationon MPEG-1.

Thenew videocodingstandardAMPEG-4[87] enableghe content-basetlinctionalitiesby
introducingthe conceptof videoobjectplanes(VOP). The codingof video sequencethat
aresggmentecbasedn video contents, e xible reconstructionandmanipulationof video
contentsat the decodehave beenthe primary objectve. Thus,videoobjectsegmentation,
which emphasizesn partitioningthe videoframesinto semanticallyideoobjectsandthe
background pbecomesa signi cant issuefor the effective manipulationof MPEG-4 and
MPEG-7. However, therehasbeensigni cant amountof videothathasbeencompressed
usingMPEG-1andMPEG-2,which useDCT to compresslata. Decompressingataand
then processinglecompressedatais computationaintensve. It is importantto extract

somecoarsdeaturedo reducedecompressioandto usethesefeaturesn processing.

This chapteiis organizedasfollows. Thefollowing sectiongivesbasicinformationabout
MPEG video streams. Section3.2 describeghe extraction of featuresfrom DCT com-
pressedlocks. Stationarybackgroundgenerationusing clusteringbasedon DC coef-

cientsof blocks are explainedin Section3.3. The extraction of objectboundariesand

objectsegmentatiorareexplainedin Section3.4. Thelastsectionsummarizeshe chapter
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3.1 MPEG Video Stream

An MPEG-1videostreamis composeaf |, P, andB frameswhereP andB framesexploit
the similarity betweenthe frames.P andB framesassumevery little changewith respect
to their dependentramesandtheir macroblocksaredecodedisingmacroblocksn | andP

frames.

In MPEG-1,eachmacroblockof I-Frameis composeaf 6 blocks: 4 luminanceblocksand
2 color componentgFigure3.1.1). Blocks arecompressedisingDCT andeachblock is
representedith DC andAC coefcients. Ouralgorithmworksatthelevel of macroblocks
sincethe compressioris performedat the level of macroblocksLet MBPY a  bethemac-
roblock at the pt" row andqt" columnof framea (Figure3.1.1. EachDC coefcient of
MBPY a canbedenotedasDCPY a . MBPY9 a may be representedvith its DC coef-
cientsasfollows:

Y?%a Y%a Y/%a Yf%a cbPda CrPia whereYo, Y1, Yz, Ys, Cb, andCr are

DC coefcients of theblocksthatareshovn in Figure3.1.1.
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Figure3.1.1:Macroblocksof MPEG frames.
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3.2 Extraction of CoarseBoundary Featuresfroma DCT

Block

Therehasbeensigni cant videodatathatarecompressedsingDCT. Thetraditionalmeth-
odsdecompresall the blocksandthenapply video processingechniquesThis increases
computationatompleity dueto decompressingnnecessarplocksandprocessinghese
insigni cant blocks. The signi cant blockscanbe determinedoy analyzingDCT blocks.
In this section,we proposeseveral featuresthat canbe extractedto comparetwo blocks.
A DCT compressedblock is obtainedfrom 8x8 rectangularegion of pixels. The major
featureghat are extractedare smoothnesshe compleity of patternsandthe boundaries

(or edges)nsideablock.

3.2.1 Smoothnessand Patterns

Eachblockis composedf DC andAC coefcients. DC coefcient of a block carriesthe
mostinformationabouttheblockthatis the 8 timesof theaverageof the pixel valuesinside
theblock. However, DC coefcient providesno informationon the structureof a block or
how pixels are spread.If only DC coefcients are usedfor comparingblocks, different
blocksmaybeassumedo be similar becaus®f theequalityin the averageof thevaluesin

ablock.
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Figure3.2.1:2D DCT basisimagesandtheir zigzagnumbering.

AC coefcients mustbe usedeffectively to determinethe contentsof a block. EachAC
coefcient is the coefcient of a basisimageshavn in Figure3.2.1. The numberof non-
zeroAC coefcients (NZac) shavs how complicatedheblock patternis [3]. If NZac is O,
the block patternis smooth. This alsoindicatesthe absenceof an edgein the block. As

NZac increasessmoothness theblock decreaseandsomepatternsdecomevisible.

The magnitudeof AC coefcients is an indicator of edgesor boundarieghat may exist
in the block. AC coefcients are sortedin descendingorder accordingto the absolute
valueof the AC coefcients. We sumup the absolutevalueof M highestAC coefcients,
andthe sumyields the block boundaryvisibility (BV). High valuesof BV indicateclear
boundariesvhereadow valuesindicateweakboundariesWe donotuseall thecoefcients
sincelow coefcients determinethe shapeof the boundaryratherthanthe visibility. This

methoddoesnot rely on rst coefcients with respectio zigzagorderingasin [85, 70].
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Figure3.2.2:Blocksthatcontainedges.

Figure3.2.2shavstheblocksthatcontainedgedrom the rst framesof 'Akiyo’ and'Hall

Monitor' testsequences.
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3.2.2 Boundaries

The zigzagindex (Figure 3.2.1) of the highestabsolutemagnitudeof AC coefcient in-
dicatesthe boundarytype in the block. Orderedsc maintainsthe indicesof AC coef-
cients in descendingorder accordingto their absolutevaluesand Orderedac | points
thei™ 0 i NZa highestindex. Thereis a vertical boundaryif Orderedac 0
156141517 28 whereOrderedac O istheindex of thehighestAC coefcient. Ba-
sisimagesof theseAC coefcients only have verticalborders.Thereis ahorizontalbound-
ary if Orderedac O 239102021 35. If Orderedac O 4 , thereis adiagonal

boundaryin the block.

The orderof indiceswith respectto the absolutemagnitudeof AC coefcients indicates
wherethe boundaryis in theblock. The signof the AC coefcients indicatesthe darkand
light regionsin the block. Thus,we canextractcoarseinformationby orderingof indices

andusingthe signsof AC coefcients.

We extractedblocksthatcontainboundariesrom the rst imageof 'Akiyo’ testsequence.
For example,Orderedac 1 6 denoteghattheindex of thehighestAC coefcient
is 1 andit is negative, and the secondhighestindex is 6 andit is positve. We deduce
thattheleft partof the blockis darker thanits right sidebecauséhe highestindex 1 hasa

negative coefcient. Thesecondndex helpsuslocatethe boundary The secondAC index
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is still a vertical AC index; thereforethe block hasa verticalboundary Sincethe second
ACindexis 6,if basisimagesof 1and 6 areoverlappedtheboundaryappeardo be
2nd 3rd columnfrom theleft. Someexamplesrom theblocksof 'Akiyo' testsequencare
showvnin Figure3.2.3.Firsttwo coefcients usuallydeterminghepositionof theboundary
andthe third oneindicatesthe slopein the boundary SinceAC coefcients having larger
magnitudesare effective in determiningthe boundariesthis methodis morereliablethan

theothermethodghatrely onthezigzagorderingof coefcients.

B  oOrderedAc =< -2,-1,+4 >

. OrderedAC =< -1, +5, -6 >

' OrderedAC =< -1, +6 >

Figure3.2.3:Boundariesn ablock.

Thefeaturevectorof ablockis 5-tupleB ~ DC NZ BV BoundaryType Darkness. The
comparisorof two blocksis performedoy comparingheir featurevectors.Thetype of the
boundaryis importantto comparehesimilarity of blocks. Sometimesablockis compared

with neighboringblocksto checkthe continuity of the boundary
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3.3 Stationary Background Generation

The detectionof the backgroundcan be accomplishedf the moving objectdisplacests
location. In caseof displacementhe hiddenbackgroundehindthe objectcanbevisible.
In consecutie frames,thereis usually very slight change. Therefore the processof the
backgroundyeneratioratintenalsof framesprovidesfasterspeed P andB framesassume
verylittle changewith respecto theirdependenframesandtheirmacroblocksredecoded
using macroblocksin | frames. So, | framesare better candidatedor the background
constructiorsincethereis enoughobjectdisplacemenin video sequencandthey do not
dependon ary otherframe. But, if the mobile objectsare small (i.e. thatcant in a
macroblock)andtheir displacemenits alsosmall,thenfurtherprocessings neededIn that

case P andB framesneedto be processedin this work, we addresdarge mobile objects.

Thebackgroundyeneratiorhasthreesteps:

Thegeneratiorof thebackgroundrom avideoshot

Merging of the samebackgroundshataregeneratedrom differentvideo shotsthat

belongto thesamevideoscene

Merging of thesamebackgroundshatappeain differentvideoscenes

Our algorithm hasthree phases:the clusteringof the macroblocksthe selectionof the



CHAPTER3. COMPRESSEIDOMAIN PROCESSING 44

clusterthat may containthe backgroundnacroblockandthe selectionof the background

macroblockirom the cluster Thealgorithmis thusasfollows:

Algorithm 3.3.1BackgroundyenerateStationaryBackground{&o vid)

/I ClugerList p q keepsall clustersof macroblockghatappeareat pt" row andgth
/I column,
/Il cluger p q istheselectectluster(thathasprobablyhave thebackground
/I macroblock)rom theClugerList p g,
/Il vid is thevideosequencef stationaryframes
for eachl-framea of thevideosequenceid do
for eachmacroblockMBP% a do
ClusterMBPY a into ClugerList p q
endfor
end for
for eachmacroblockMBPY do
Selectthecluger p q fromCluderList p g
Selectthebackgroundnacroblockirom cluger p g
endfor
Combineall macroblockselected

3.3.1 Clustering

Two methodologiesnay be usedfor clustering:non-incrementatlusteringandincremen-
tal clustering.In a non-incrementatlusteringmethod,all the macroblocksnustbe stored
until a shotchangeoccurs. The macroblockscan be clusteredusing a non-incremental
clusteringmethodfor a video shot. This methodis goodif the video shotlengthis short
(lessthan5 seconds).But if the shotlengthis long andif it is possibleto generatehe
backgroundmacroblockearlier thereis no needto rst processandthenclusterall the

macroblocksn avideoshot.In this casejt is betterto useincrementatlustering.
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Let the backgroundmacroblockat location (p,q) needto be generated All macroblocks
thatshavedup atthislocationareclustered Thefeaturevectorfor amacroblockis theDC
coefcients of the blocks. In our case,we map macroblockgo a one-dimensionaspace
andorderthemaccordingto the distancefrom a speci ¢ point andthen clusterthemin-
crementallyasmacroblocksarrive. ThemacroblocksareclusteredusingNearestNeighbor
Rule (1-NNR). If the distancefrom the existing clustersis morethana speci ¢ threshold
(t), anew clusteris createdor themacroblock Most clusteringalgorithmsaresatisactory
to clusterthemacroblockghathave 6 elementsn theirfeaturevector SincetheDC coef-
cientsarealreadyapproximatiorto the macroblockthedistancunctionandhow features

areevaluatedgain signi cancein clustering.

Distance Function. In our work, two typesof distancemeasuresre considered:addi-
tive andselectve. Additive distancemeasuresiccumulatdahe differenceat eachfeature
(e.g. ManhattanEuclidean).Selectve distancemeasureslependon the selectionof one
of the differenceof featureg(e.g. maximum,minimum). As an examplefor additive dis-
tancemeasureEuclideandistancemeasures used.Both maxmumandminimumdistance

measuregareconsideredor theselectve distancemeasure.

The featuresmay be evaluatedin several ways. Four methodsare statedhere. First
methodassignequalweightsto eachDC coefcient. Let MBP9 a andMBPY b bethe

macroblockghat are compared.The absolutedifferencebetweentwo DC coefcients of
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MBPY a andMBPY b canberepresenteds DCPY a b . Thenthe Euclideandistance

betweerMBPY a andMBPY b is computedas

3
(3.3.1) a YMab2 Cbrdab2 Crrdab?2
i 0

The secondmethodassignghe sameweight to the chrominanceand the luminanceand
takes the averageof the luminancecoefcients. The averageof the luminanceDC co-
efcients of MBPY a is denotedwith Y& a whichis 743 oY,"® a . This distanceis

computedas

(3.3.2) YRgab?2 Cbfdab2 CrPdab?2

TheDC coefcient is 8 timestheaverageof thevaluesin theblock. So,aDC coefcient is
the smoothingof thevaluesin theblock. It may be betterto keepthe differencesasmuch
aspossible. Insteadof averagingluminancevalues,the maximumluminancedifference,

Yhax @ b, whichismax ¢3Y" a b , maybeevaluated Thenthedistances

(3.3.3) Yhixa b2 CbhPdab?2 CrPdab?2

Sometimesit mayonly benecessaryo considersharpchangesn the sequencelnsteadof
computingthe maximumof luminancedifference the minimumIluminancedifferencecan

betaken, YPd a b, whichismin o3 Y"¥a b . Thenthedistances

(3.3.4) Yl ab2 CbPdab?2 CrPdab?

min

Maximumselectve measurés usedif thedifferencebetweeriwo macroblocksheedgo be
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emphasizedsmuchaspossible. Thefunctionfor the maxmumdistances:

(3.3.5) max YPlab CbPMab CrPMab

The sharpchangesat a macroblockcanbe detectedusingthe minimumdistancemeasure
asfollows:

(3.3.6) mn Yl ab cCbMab CrPlab

min

3.3.2 The Cluster Selection

If the numberof clustersis morethanonefor a macroblocklocation, thereis a moving
objectatthatmacroblockIf thenumberof clusterds one,thenthereis nomovementatthat

macroblockandtheclusteris the only candidatehatcontainghe backgroundnacroblock.

Therearetwo basicfactorsthatareusedfor theselectiorof thecluster:frequencyandcon-
tinuity. Thefrequeng of a clusteris thenumberof elementsn thatcluster The continuity
of aclusterdenoteghe maximumlengthof thesequencef macroblockof theclusterthat
appearedgequentially The clustersare rst chosemaccordingto their frequeng. If there
is atie, the clusterthat hasa highercontinuity is selected.Sometimestheremay be no
or very little motionin succeedind-Frames.All theseframeshave the effect of a single

frameonthefrequeng andthe continuity of the clusters.
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3.3.3 The Background Macroblock Selection

Thebackgrounds choserfrom theclusterin four ways. Threeof themareaboutiuminance
and the other one considersboth luminanceand chrominance. In the rst case,if the
moving object absorbdight (non-shining),it causesdarknesson the background. It is
betterto choosethe candidatehat hasa higherluminance.Low luminanceis dueto the
objectin the ervironment. In the secondcase,if the moving objectis a light sourceor
re ects light, it causeghe backgroundo shine. So, it is betterto choosethe candidate
thathasa lower luminance. High luminanceis causedoy the objectin the ervironment.
In thethird case|f thetype of the objectis unknavn or it may have the propertiesof both
shiningandnon-shiningobject,it may be betterto be neutral. So, the backgroundlock
thatis closerto the meanis chosen. Finally, if the color is consideredthe background

macroblockihatis closerto the meanof all the block coefcients is thecandidate.

3.3.4 Enhancementwith Motion Vectors

The motion vector indicateswhetherthe macroblockmovesto other partsof the frame.
Although the term "motion vector” is usedin MPEG streamsmotion vectorsdo not ex-

actly expresghedisplacemenof amacroblock.They rathergive thelocationof theclosest
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Figure3.3.1: Estimationof DC coefcient of thereferencanacroblock.

macroblockin the previous or next frame. This is crucialif thereis a patternin the back-
ground.If themacroblockis previously locatedin anotherdocation,this usuallyshowns the
partswheremoving objectsexist. If thereis a patternin the frame,it is alsopossiblethat
this macroblockpointsto anotherdocationsharingthe samepattern.We apply two simple

methodgo detectthis situation.

Sincewe do our operationn the macroblockevel, we do not have the exact DCT coef-
cients of this block. Oneway to dealwith thisis to checkall macroblockghatintersect
with thismacroblock.If all of themhave thesamecharacteristicasin thepredictedrame,
the macroblockhasnot moved. Anotherway is to estimatethe DC coefcients of theref-
erencedlock. The estimationof the DC coefcients [105] is doneby giving weightsac-
cordingto themacroblockcoefcients by theareathatsharewith thereferencanacroblock

MBes (Figure3.3.1):

on

(3.3.7) DCref .a. w; DG
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whereDC; givestheDC valueof ablockin Figure3.3.1andw; is theratio of regioncovered

by MB; to theregion of thewhole macroblock(8x8=64pixels).

Let MBP9 a andMBPY b representhe referencednacroblockin the referencedrame

andin thecurrentframe,respectrely. If

DistanceMBPY a MBPY b t

whereDistanceis a distancefunctionandt is a threshold this impliesthatthe reference
block hasnot changedn the currentframe. Althoughthe motion vectorinformsthatthe
macroblockmoved, it did not move. So,it may be assumedhatreferenceblock doesnot

containa moving object.

3.3.5 SampleResults

We have usedvideo streamghat arerecordedn the lecturesand MPEG-4testsequence
“Hall Monitor”. Eachstreamis storedasa MPEG-1video stream.The codingpatternof
streamss IBBPBBPBBPBBPBBandthe framerateis 15 framespersecond Figure3.4.1
shaws the phase®of how thebackgroundsregeneratedThe rst rows displaytheframes
that are encountered.The secondrows showv the phasesof the backgroundgeneration.
Figure3.4.1(a) showns a lectureexamplewherethe partsof the instructors body may be

occludedby theobjectsin theervironment.Figure3.4.1(b)shavs anexamplewheremore
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thanoneobjectmayappealandalsoobjectslik e thebagmaybeoccludedoy otherobjects.

For this example, rst framesof theoriginal videosequencareomitted.

Our obsenationsshaved that if the objectsmove enough,the backgroundcan be con-
structedn theearlyframesof theclip. In thelectureexample thebackgrounds generated
afterprocessindl3 | frames.120B and48 P framesareskipped.In the hall example,the
backgrounds generatedfterprocessind. 81 frames.170B and68 P framesareskipped.
Ourresultsshavedthatchrominancenustbeincludedin thedistancecomputatiorandthe
selectionof the backgroundnacroblockirom the cluster The falsemacroblockghathave

color distortionsmaybe selectedf only luminancecoefcients areconsidered.

3.4 Video Object Segmentation

The featuresextractedfrom the compressedlatacan be usedto identify signi cant re-
gions beforethe sggmentation. Sincethe compressioriechniquein MPEG-1, MPEG-2,
andMPEG-4is DCT, we have proposeda reliablemethodto extractsigni cant blocksby

extractingfeaturesaboutthe smoothnesandboundariesrom DCT compressedlocks.
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Figure3.4.1:Video SequenceandBackgroundSeneration.
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Featuresaboutsmoothnesandstructureof boundarieareevaluatedto determinethe sig-

ni cant blocksfrom compressegtideofor objectsegmentation.

The generalmethodfor segmentationof video objectsis to detectthe boundarief the
object. Therefore,if a region doesnot have a visible boundary it is very unlikely that
the region containsthe boundaryfor the object. The backgroundnodelcanbe generated
automaticallyor presentedo the system.Thefeaturevectorsof blocksof the framesand
thebackgroundnodelarecomparedo eliminateinsigni cant blocks. If thefeaturevectors
aredifferent,theframeblockis likely to containdataaboutan objectandconsiderechsa

signi cant block. Thesigni cant blocksaredecompresseandusedfor furtherprocessing.

Firstly, the blocksin the backgroundnodelandtheframearecomparedThreethresholds,
tpc, tnz, andtgy, areusedto compareDC coefcients, the numberof non-zeroAC co-
ef cients, andboundaryvisibility of featurevectors. Let f; and fo be featurevectorsof
two blocksto becomparedIlf f; DC  f, DC tpcor f1 NZ f, NZ tnz, the
blocksareconsideredisdifferentblocks. If f; BV  tgy andfy, BV  tgy, blocksare
assumedo have no visible boundaries.If only oneof the blockshasa visible boundary
(i.,e., tpv), theblocksareconsideredifferent. If two blockshave visible boundaries,
the boundarytype andthe darknessf boundariesare compared. If both arethe same,
they aretreatedassimilar. Thedifferentblocksareconsideredssigni cant blocks.These

blocksare decompressednd usedin further processing.The frame 43 and background
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of 'Hall Monitor' testsequencare shavn in Figure3.4.2(a) and(b), respectrely. The
signi cant blocksthat are selectedoy comparingcoarseboundaryfeaturesare displayed
in Figure 3.4.2(c). Two macroblocksare misdetectedas signi cant blocks dueto their

comple patterns.

i
e
a2
::‘,-’-
.-

(b) (©) (d) (e)

Figure3.4.2: Experiments(a) frame43 (b) backgroundmage(c) decompressefbigni -
cant)blocksfor edgedetection(d) thresholdedrame(e) videoobject.

Secondlyedgesdn the signi cant blocksare extractedto detectthe boundarie®f a video
object. The Canry [20] edgedetectoris usedto extractthe edges.The mostdistinguished
featureof an edgeis its gradient,Ng. Edgematrix E maintainsthe edgesin animage,

whichis denotedoy

Ex 1 if thereisanedgeat(x,y) Ng tedge
(3.4.1) E

Exy 0 otherwise
Let E® andEF representhe edgematrix for the backgroundandframei. Thedifference
edgematrix (DE') holdsthedifferentedgeghatexist in theframebut notin thebackground
whereDE'  ET XOREP EP . DE' mayalsocontainnoisy edgesdueto theillumi-
nationchangein the ervironment. F DE' denoteshe edgesafter noiseremoved. The

removal of the noiseis performedbasedon the imageproducedwith thresholdingFigure

3.4.2(d)). It is possiblethat signi cant blocks may be missedin the initial comparison
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phaseA signi cant block maybe missedbecaus®f aweakboundarycloseto theborders
of ablock. Thiskind of ablock hassimilar DC, NZac, andBV valueswith thebackground
model.If thereis anedgeon theborderof aninsigni cant block, theinsigni cant blockis

alsodecompressebleforefurtherprocessing.

Thirdly, asa resultof the previous stepsthe edgesmay be disconnected.The edgesof

thevideoobjectmayberemovedsincethey overlapwith the backgroundedgesor maybe

removed asnoisemistalenly. If the gradientsof nodesarebelon the thresholdfor edge,
theedgesnayaginbedisconnectedLinking of edgesreatesienv edgesandis composed
of two phasesliinking of closeedgesandlinking of distantedges.Let F DE)i(y 1land
F DEliOOI Owhere xy and p q arecoordinatesx 1 p x 1l,andy 1 (

y 1. Let Npq denotethe setof 8-connectedhodesof a nodeat p g . For simplicity,

assuméhatE F DE' . Epq is corvertedto anedgeif

342 Ey 1 pQgEp O stEgy 1 Eg Npg

UVEyw 1 Ew Ny Eg Ny
is true. Informally, a nodeis corvertedto an edgeif the node connectsedgesthat are
not connectedlirectly or throughtheir neighbors.In this contect, a nodeis an edgeif its
gradientis higherthanthe edgethreshold. For example,in Figure 3.4.3(a), nodes4, 6,
8, 9 and 14 denotethe edges.We wantto link node6 to anothemode. The 8-connected

neighborsof node6 arenodesl, 2, 3,5, 7,9, 10,and11. Node9 is alreadyanedge.Nodes

1 and2 do not connectnode6 to ary otheredge. Thereforethesenodesareignored. If
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node3, 7, or 11 becomesan edge thennodes4 and8 arereachabldrom node6. Nodes
10and11 connecthode6 to nodel4 but nodel4is alreadyreachabldérom node6 through
node9. So,the only candidatesarenodes3, 7, and11. Onceoneof nodes3, 7, or 11is

chosenall theedgesn the gure arereachabldrom node6.
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Shp— 8o | monteey o tajectoly
10 11
——s—D 12 5
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Figure3.4.3:EdgeLinking. (a) closeedgelinking, (b) distantedgelinking.

Linking distantedgesis differentsincenoneof the neighborsconnectghe edgesto the
distantedges Assumethatwe wantto link source,y to degdinationpg. The mainideais to
follow the nodeshaving high Ng. Thereare 2 signi cant problems:1) if the edgeis also
connectedo a strongedgein the backgroundthe trajectoryfrom the sourcemay stray
and?2) if we startfrom the sourceandtry to reachthe destinationby following the gra-
dientsof nodes,the edgesnearbythe destinationmay be misdetectecandthe real edges
may be eliminated.We usea heuristicto solve the rst problem.If thesourceisat x vy,

the destinationis at p g, and st is anedgeon the trajectoryfrom the sourceto the



CHAPTER3. COMPRESSEIDOMAIN PROCESSING 57

destinationthenmin px s maxpx andminqy t maxqy. To solwe the
secondproblem,insteadof startingfrom the sourceandreachingthe destinationa single
stepfrom the sourceto destinationand a single stepfrom the destinationto the source
is taken at eachiteration. A single stepis to visit an neighborof an edge(Figure 3.4.3
(b)). We usethe Manhattandistanceto measurehe distancebetweenedges. The con-
dition distancesourcg ; degination; 1  distancesourcqg degination; mustbesatis-
ed after eachiteration. The iteration continuesuntil the sourceandthe destinationare
8-connectedThesnale model[51] is proposedo extractopenandclosedcontoursof ob-
jects. It needanitial pointsfor the contoursandrequiresweightsfor adjustingthe curves
of the contours. The distantedgelinking canalsobe performedusingthe snale model.
Finally, the regionswithin the boundaryof the objectare lled to obtainthe video object

(Figure3.4.2(e)).

In our experimentsyve obsenedthatsortedAC coefcients aresigni cantin detectiorand
extractionof coarseboundariesSince rst two AC coefcients areusuallythe highestAC
coefcients, the methodsthat dependon thesecoefcients may alsoyield goodresultsin
somecasesHowever, duringcomparison®f videoframes therearealsoblocksthathave
othersigni cant coefcients thatcannotbe distinguishedusingthe rst 2 AC coefcients.
This increasedhe numberof blocksthatareassumedo be similar in the preprocessing.
NZac is alsonotenoughto describehecoarseboundaryfeaturesvhenNZac is quitesmall

(i.e. lessthan®). If NZac is high, it is likely thattherearemary AC coefcients having
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small magnitude.NZac is usefulin comparisonsf the differencebetweerthe numberof
non-zercAC coefcients is signi cant. By usingcombinationof the prestatedeaturesye

obtainedsatishctoryresults.

3.5 Summary

In this chapter we have rstly presentech methodto extract coarseboundaryfeatures
from DCT compressetlocks. We have describechow stationarybackgroundcanbe gen-
eratedfrom MPEG-compresseudideo by usingDC coefcients of blocks. This method
relies on the displacemenbf the objectsin the video. We have shaved that DC coef-
cient, smoothnesshoundaryvisibility, boundarytype, and darknessare goodfeaturesto
determinesigni cant blocks. The boundaryfeaturesareusedto eliminatetheinsigni cant

blocksfor videoobjectsegmentation.



Chapter 4

Global Motion Estimation with Motion

Sensors

Global Motion Estimation(GME) techniqueshave beendevelopedand usually applied
on video thatmotiontakes placeoften. Althoughthesemethodsproduceaccurateesults
wherefrequentmotion occurs,they turn out to be inefcient if motionis not so oftenin
thevideoasin semi-dynamic/ideos.In this chapterwe proposemotion sensorghatwill
indicatethe existenceof motion andyield quick approximationto the motion. Motion
sensorseducethe computation®f the hierarchicalevaluationof low-pass Itered images
in iterative descenmethodqd8]. We alsoproposenow GME canbe performedatintervals

accurately

59
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4.1 Intr oduction

GlobalMotion Estimation(GME) techniqueglay animportantrole in video compression
methods.GME is usuallyusedto describethe cameramotionin a video. The motionis
usuallymodeledwith perspectie,af ne, translation-zoom-rotatiomyr translationamotion
models. Most of the GME techniqueslevelopedconcentrateon the accurag of motion
parameter®f the chosenmotion models[28, 90, 89]. Thesemethodsusuallyincludean
initial estimationof the subsef the motion parameterandthenadjustingof the motion
parametersising a hierarchicalpyramid of low-pass Itered images. Thesemethodsare
usuallytestedon dynamicvideowherethereis almostalwaysmotionin thevideo. In semi-
dynamicvideoapplicationslik e distanceeducationthemotiondoesnothapperoften. The

motionusuallyhappenstintenvalsandthenthe camerastabilizes.

A hierarchicalgradientdescenimethodthat usesM-estimatorshasbeenusedto perform
GME [28, 90, 89, 57]. An initial matchingis necessaryo avoid beingtrappedin local
minima. The iteratve descenis usedto adjustthe motion parameterst eachlevel of the
pyramid. Therearetwo dravbacksof this kind of approacheserrorin initial estimation
andhierarchicacomputatiorof iteratve descentFirstdravbackcauseshetechniqueo be
trappedin local minimaandthe next oneintroducessigni cant computation.Tomasiand
Shi[86] presentdeatureselectiorprocesdasednadissimilarityof featureselection.The

featuresareselecteasedntheinitial frameandthe currentframethusdependingnthe
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motionbetweenwo frames.Therearefeaturepresentedbasedn edgeghigh gradients),
cornersplockshaving highspatialfrequeny. FeaturesreselectedisingtheLaplaceoper
atorwith its FIR Iter coefcients 1 2 1[76]. Thistypeof featureds selectedaccording

to theneighboringpixels.

In our system,GME is usedfor the sprite generationand spatialbrowsing. The sprite
shouldinclude every part of the scenethat is visible throughoutthe video sequence.If
thereis noapriori motioninformationfor avideosequencehemotionhasto beestimated
betweeneachsequentiaframe. If thereis a priori informationthe motion estimationcan
beperformedatanumberof frames.However, if theglobalmotionbecomesosigni cant,
themotionmodelmaynotbeableto estimatehe motion. The globalmotionestimationat
intenalsis importantto producea clearersprite. Therefore the GME hasto be tunedfor

increasingaccurag.

In this chapter we proposemotion sensorswhich are sensitve to motion that may take
place. The motion sensorsare expectedto displacetheir positionsin ary type of motion
andshouldbe enoughto describehe motion. For example,4 motionsensorshouldyield
informationaboutperspectie motionand3 motionsensorshouldyield informationabout
afne motion. For eachpixel within theinitial frame,ablock searchs performed We used
two kinds of masks:squareandcirculatr The motion sensorsare not only edgeshaving

high gradients. They areobtainedby usingmore generalinformationthangradientsand
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carrymoreinformationin caseof motion. The globalmotionestimations alsoperformed

atintenalsto reduceblurringin spritegeneration.

Thischaptelis organizedasfollows. Sectiord.2following sectionexplainsmotionsensors.
The GME with motionsensorss discussedh Sectiord.3. Sectiond.4 explainshow global

motionestimationis tunedfor spatialbrowsing. Thelastsectionsummarize®ur chapter

4.2 Motion Sensors

Our experimentsshaved that motion estimationmethodsthat processall the pixels that
areavailableareslow for video. So, rathera setof featurepointsis selectecandthey are
trackedin eachframe.Mappingfeaturepointsin two framesis noteasysincetheremaybe

severalfeaturepointsthatsharethe samecharacteristics.

This methodaimsto matchblocksthat have motion sensorsastheir centerpointsrather
than mappingfeaturepoints. This approachdoesnot requirethe exact mappingof the
featurepoint. The errorfunctionusedin block matchingintroducese xibility in tracking

of themotionsensorpointseventhoughfeaturepointsarenotlocatedasthey areexpected.

Motion sensorsare featurepoints that are sensitve to motion. The motion sensorsare

expectedto displacetheir positionsin ary type of motion. 2 motion sensorshouldyield
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informationabouttranslation-zoom-rotatiomotionandl motionsensoshouldbeenough

to detecttranslationamotion.

Edgeshaving high gradientsarelik ely to be candidategor motionsensorsUnfortunately
gradientcontainanformationwithin 1 pixel distancehatis usuallynot enoughto detect
motion dueto existenceof patternsor apertureproblem. Anotherproblemwith the edges
is the mappingof edgesn two frames. Anotheredgemay possessimilar informationto

thedesirededgeandmakesit dif cult to detectthe motion.

It is very hardto nd absolutemotionsensorghatwill changetheir locationsafter every
type of motion. Thegoalis to nd the motionsensorghatwill displacetheirlocationsin

mosttypesof motion. In Fig. 4.2.1 therearetwo linesintersectingecachother Every point
lying onlinesl; andls is likely to displaceto their positionsaftera motion. Let the slopes
for I1 andl, be my andny, respectrely. If thereis a motionin the directionof my, the
pointslying online |1 will be uselessandmoreorer, make the motion estimationdif cult.

Similar statements alsotrue for line I,. Which points carry the highestinformation for
motion? The answeris the intersectionof line 11 andline |, becausehe p will always

changéts locationeitherthereis amotionin thedirectionof my or my.

In realvideo, the existenceof linesandtheirintersectiorarenot guaranteedEventhough,
thelinesmay exist, they may not be straightlines or may be hardto detect.Thereforewe

proposea methodthatwill work without detectionof linesandusinggradientgsincethey
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Figure4.2.1:Intersectindines.

carrylimited informationaboutthe surroundingpixels).

4.2.1 Detectionof Motion Sensors

A featurepointis distinguishabléy its surroundingpixels. A block matchingprocesss
performedfor a block containingmotion sensoms asits centerwithin the sameframe.
Theblock searcloperations performedwithin distanceof d. Eachblock sizehasa height
andwidth of n pixels. For the block searchoperation,n-stepsearchcanbe used. As an

errorfunction,we usethe sumof absoluteerror differenceSAD)
(4.2.1) eBPB [, S';S [B™ij Bij
whereBP representshe block wherep is its centerand B! represents block within the

searchdistanced. Let xp andy, denotethex andy coordinate®f apixel p. Thesensitvity

of apixelis determinedy s p whichis computedy

(422) minxp d x x d yp d y yp d e BP Bt ;
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Figure4.2.2:Squareandcircularmasks.

We have usedtwo differentmasksto detectmotion sensors:squareandcircular Figure
4.2.2depicts8x8 squaremaskanda circular maskof radius4. Squaremaskcontains64
pixelswhereascircular maskhas61 pixels. Circular maskis a betterapproximatiorthan
squaremasks sincepixels within a radiusis considered.n real examplesthe difference
is not distinguishablevheneitherof thesemaskss used.Fig. 4.2.3shavs motionsensors

detectedor aframefrom amobile& calendaframeby squareandcircularmasks.

Oneproblemin matchingof the blocksis thesigni cant displacemenbetweertwo frames.

In mostcasesthe motionbetweertwo consecutie framesis not huge.
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Figure4.2.3: Mobile & Calendarexamplefor motionsensors) original frameb) motion
sensordgn the frame from circular maskc) applicationof squaremaskd) applicationof
circularmask.

4.2.2 Optimization in Detectionof Motion Sensors

Althoughmotionsensodetectionis performedat the beginning,the comparisorof blocks
is themostexpensve partandit shouldbe optimized. Therearea coupleof optimizations
that can be performed. Sincethe goalis notto nd all the motion sensorsthereis no
problemif someof themare missed. In mostcasesa motion sensorhasa neighboring

motion sensorandan ordinarypixel hasa neighboringordinary pixel. Therefore motion
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sensordetectioncanbe performedat internvals. To increasethe performancegvery other

pixel is skippedduringdetection.

Notethatthedistanceébetweertwo blocksis symmetric.If thedistancebetweernwo blocks
is alreadycomputedthereis no needto computethe distancebetweenthosetwo blocks
again. If the searchdistanceis d, thereareinitially 2d 2 1 SAD computationsDueto

symmetrythisis reducedo d® 1.

Thesensitvity of apixel will behighif it is amotionsensaorOtherwisethe pixel's region
is similartoits surroundinglf thesensitvity is low whencomparingheblocks,thefurther

blocksdo not needto be comparedThatpixel cannolongerbea motionsensor

4.3 Global Motion Estimation Using Motion Sensors

Therearedifferenttypesof motionmodelsthatareusedin GME dependingonthecamera
operationsandthe structureof the scene.In this chapter we detectcameramotionthatis
parameterizely perspectie motionmodel:

Xi adp 'azxi _asii
(4.3.1) Box e

a1 X asYi
Yi agXi azyi 1

whereag, a1, ap, ag, as, as, 8, anday are motion parameterand X, y; is the trans-

formedcoordinatefor x; y; . This modelturnsinto af ne motionwhen ag 0 a; O,
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translation-zoom-rotatiomotionwhen a4 a3 as a» ag 0 ay 0, andtransla-

tionalmotionwhen a, 1 a3 1 a Oa Oa Oa; O.

Theerrorbetweertwo framescanbedeclaredas

(4.3.2) e alVe

whereg | x vy, | X Vi, XYy istheintensityat X y; in thepreviousframe,and
| %y, istheintensityatthetransformedtoordinaten the currentframe.Erroreis com-

putedfor pixelsoverlappingin two frames.

The iterative descenimethodsare likely to be trappedin local minimawhenthey try to
minimize Equation4.3.2. The hierarchical(iteratve descentapproachs usuallyapplied
to detectthe motionparameterslnitial estimationof translationaparameterss necessary
to avoid local minima. This methodrequiresgeneratiorof low-pass ltering of a frame,
computationof gradientsand computinggradientdescentfor eachlayer In our experi-
ments, motion sensorsgapproximatelygive the motion parametersvithout generationof

hierarchicapyramid.

The mappingof a motion sensolis computedusingblock matching. For nding the best
matchingblock, thefull searchingr n-stepsearchingcanbeapplied.Sincethe numberof
featurepointsis usuallyvery few, the procesof full searchings still fastandsometimes

is desiredif accuray is needed. For perspectie, af ne, translation-zoom-rotatioand
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translationalmotionat least4, 3, 2 and1 motionsensorarerequired,respectrely. Extra

motionsensorganbeusedto checkthe correctnessf motion.

In ourimplementationywe choose3 motionsensorso estimatehemotion. Since3 motion

sensorsare used,only the parametergor afne motion can be estimated. The parame-
tersfor translationalndtranslation-zoom-rotatioare subset®f theseparametersSince
perspectie motion is sensitve to slight changesn the parameterand iteratve descent
methodscanbe trappedin local minima, the initial guessof perspectie motion parame-
tersis not performedby motion sensors.The generalstructureof the motion estimation

algorithmis depictedn Fig. 4.3.1.

If the motion detectionby motion sensorss con rmed, afne motionis estimatedusing
Levenbeg-Marquardt(LM)iterative nonlinearminimizationalgorithm. Oncethe parame-
tersareestimatedor af ne motion, theseparametersreagain fed into LM algorithmto

estimatethe perspectie motionparameters.

If the motion sensorgannotuniquelyidentify a global motion, the motion estimationis
determinedasin [28]. After themotionparameterareobtainedmotionsensorshatdo not

conformto globalmotionareeliminatedandnotusedin the subsequennotiondetection.

It is possiblethatthe motionsensorsnaybeoccludedoy moving objectsor maydisappear

from the scenedueto cameramotion. In thosecasesmotion sensorswill signi cantly
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Figure4.3.1:GlobalMotion EstimationAlgorithm.

increasethe error in Equation4.3.2. The thresholdteror determineghat the maximum
averagee? couldbebetweerconsecutie frames.In our testervironmentterror is choseras

100. Oncetheerrorexceedderror, motionsensorarerecomputedor the new frame.
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4.4 Global Motion Estimation for Spatial Browsing

The accurayg of the motion parameterss importantfor accuratesprite generation. The
scenegnay have objectsat different depthand shapesor moving objects. The motion
parametersare affectedby the moving objectsand apertureproblem. This causessome
deviation from the original valuesof motion parametersWhenthe motion estimationis
performedfrom frameto frame,the erroraccumulatesind propagtesto the later motion
estimationandwarping. Sincethe scenemay not be modeledaccuratelyby the motion
model, it is not always possibleto obtainthe actualmotion parameterslif the motionis
estimatedbetweeneachsequentiaframe, the error is accumulatedor sprite generation
whenconsequentramesarewarped.Insteadof usingthe original frame,we generatehe
framefrom the spriteto usein globalmotionestimation[90]. Thereforetherewill notbe

erroraccumulationThis processs shavn in Figure4.4.1.

The iterative descentmethodsarelikely to be trappedin local minima. Our sprite gen-
erationmethodskips someof the framesto reduceblurring in the sprite. The motion
estimationis performedbetweeneachsequentiaframe and also betweenframesat spe-
ci ¢ intervals. Motion estimationbetweenfartherframesis more proneto errorsdueto
theinitial estimationandpossiblelarge displacementAccumulatednotion parametersr
relatve motionwith respecto theinitial framein theintenal is a goodapproximationof

the motion parameters.We decreasehis entrapmenby consideringthe relatve motion
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betweenconsecutie frames. So, therewill not be an assumptioron the upperboundof
translationaparametersWe rathermake anassumptioron the speedf the cameramove-
ment.For example,if displacemenits 20 pixelsatframe f; andthethresholdonthecamera
speeds 5 pixels, the new expecteddisplacemenwill bein [15,25]. This will reducethe

errorin initial estimationandremove theassumptioron maximumdisplacement.

In matrix form, af ne motionestimationcanbewritten as

X a ag X ag
(4.4.1)

y a4 a5 y a1
More generallythis canbewritten as

(4.4.2) v Mv t

whereM containghe motionparametersor the rst matrixandt containghetranslational

parametersTherelatve motionis computedas

(4.4.3) v MMv t t MMv Mt t

wherev is the vectorfor the new transformedcoordinatesM andt hold the current

motion parametersandM andt hold the motion parametersip to the currentframe.

If thereis no sggmentationmaskis usedandthe sceneincludesmoving objects,we use

M-estimatorg[28, 90] to increasethe robustnesf motion estimation. In this case,the
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erroris expresseas:

Qo=

(4.4.4) re

wherer g <—:~|2 in theoriginalformulation. Sincethis functiongivesmoreweightto large
errors,it is biasedby local motion (which areoutliersfor globalmotion). To decreas¢he
effect of outliers,thetruncatedquadratiamotionis used:

& ife t

0O ifg t

(4.4.5) re

wheret is athresholdselectedaccordingo the histogramof the errors.

4.5 Summary

In this chaptey we introduceda methodto performthe global motion estimationmethod
with motion sensors.If the video doesnot containcontinuousmotion, the existenceof

the motion canbe detectedby motion sensors.Moreover, motion sensorslsogive good

approximatiorto the motionmodelparametersThisinitial estimationreducegshe number
of computatiomat the levels of pyramid. Althoughinitial detectionof the motion sensors
is costly it is usuallydoneonceat the beginning and can be optimizedby the methods
givenin Section4.2.2. The GME canalsobe performedat intervals andaccurateesults

areobtained.



Chapter 5

High Resolution Sprite Generation with

Sprite Pyramid

The spritegeneratiormethodsene t from recentglobal motion estimation(GME) meth-
ods,whichyield almostaccuratesstimationof motionparametersHowever, thegenerated
spritesare usually more blurredthanoriginal framesdueto imagewarping stageander
rorsin motionestimation.Thetransformectoordinatesesultingfrom GME aregenerally
real numberswhereasmagesare sampledinto integer values. Although GME methods
generatgropermotion parametersa slight errorin motion estimationmay propagteto
subsequergpritegeneratiorsteps.In thischapteywe proposeamethodto generatelearer

spritesfrom video. Thetemporalintegrationof imagess performedusingthe histempoal

75
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Iter basednthehistogramof valueswithin aninterval [11]. Theinitial framein thevideo
sequencés registeredat a higherresolutionto generatehigh resolutionsprite. Insteadof
warpingof eachframe,the framesarewarpedinto the spriteatintenals. This reduceghe

blurring in the sprite. We alsointroducea new spritecalledconservativesprite

The ordinary sprite generationtechniquesocus on cameramovement,accuratemotion
estimation alignment,andintegration. Thesetechniquesgnorethe resolutionof original
imagesand the regeneratedmagesfrom the sprite are likely to have lower resolutions
thanthe original ones. Especially if the scenedave nite depthandzoom-inandzoom-
out operationsoccut the sgmentsof the sceneare capturedat differentresolutions.The
traditional sprite generatiormethodseitherblur the sprite by integratinglower resolution
segmentsor useunnecessariarge storagefor the sprite. The sprite pyramid (or layered
sprite) allows ef cient storageof imagesor video clips of overlappingscenesat different
resolutions. Moreover, the imagesor video framescan be reconstructedrom the sprite

pyramidatthe necessaryesolutions.

In thischapteywe rstly proposeamethodfor generatindnighresolutionspritefrom video.
Theframesareintegratedusingthe histempoal Iter. The histempoal Iter is ageneral-
ized Iter andkeepsthe histogramof valuesthat mapto a speci c intenal. The initial

spriteis maintainedat a higherresolutionto reducethe blurring dueto real-waluedtrans-

formedcoordinates.The framesarewarpedinto the spriteat intervals. Sincewarping of
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framesis performedusingbilinearinterpolation alow-passffectis introduced.Therefore,
ignoringunnecessarframesyields clearspritegeneration After developingour method,

experimentsareconductedn standardMPEGtestsequences.

A sprite pyramid (or layered sprite) allows the regenerationof the video at the proper
resolutions. Eachlayer of the sprite pyramid correspondso a differentresolution. The
spritepyramidallows theregeneratiorof differentseggmentsat differentresolutionsasthey
were captured. The sprite pyramid is createdif the scenehas nite depthandthereare

zoom-inandzoom-outoperations.

This chapteris organizedasfollows. High resolutionsprite generationand histempoal
Iter arepresentedn Section5.1. Section5.2 explainsthe structureof the spritepyramid.
The experimentsandresultsarereportedin Section5.3. The lastsectionsummarizeshe

chapter

5.1 Sprite Generation

5.1.1 Histemporal Filter

Thelineartemporallters like averagingrecursve lters like Kalman lter [77], andorder

statistic lters like median Iters have beenusedfor noisereductionor removal in image
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sequenceslemporakveragingyieldsablurredsprite,if thevideoincludesmoving objects
or motioncannotbeestimatedccuratelyMedian Iters requireenormoustorageo detect
the temporalmedian Iter. Moreover, temporalmedianmay yield erroneousesults, if
the expectedmediancantake several values. For example,the frequeng of pixel values
100and101is 20 and 22 for a pixel coordinatein the sprite,respectrely. Althoughthis
differencemay resultfrom the illuminance changein the ervironment,they are treated
asdifferent. If the frequeng of anotherpixel valueis 25, this valuewill be chosenby
mistale. In fact, averaging(of 100 and 101) would yield a betterresult. Histempoal
Iter isatempoal Iter thatis basedonthe histagramof intensityvalueswithin aspeci c

intenval.

Theinterval determineghe precisionof temporalintegrationin sprite generation.For a

256

interval slots

8-bit perpixel gray-scalamage,all the pixelslay in 0 255. Therewill be
in the histogram. If interval is 256, histemporal lter becomedemporalaveraging. If

interval is 1, thetemporalintenal becomegemporalmedian Iter .

Two datastructuresareusedto obtainthe histemporallter: frequencyarrayandaveiage
array Frequencyarraykeepshefrequeng of eachinterval of thehistogram As theframes
areprocessedthe frequeng of aninterval is increasedor eachpixel value belongingto
theinterval. Average arraymaintainghe averageof thevaluesasnew valuesareprocessed

for eachslot. Histemporallter returnstheaveragevalueof theintenal having the highest
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frequeng. Figure5.1.1(a) shavsahistogramwhereinterval is 16. Theinterval 81 96 has
thehighestfrequeng. Figure5.1.1(b) displaysthefrequencie®f thevaluesthatlay in this
intenval. During histemporallter computationthe averageof thesevaluesis computedas

they arrive.

5.1.2 Consewative Sprite

Differentrepresentationsf mosaicdik e static,dynamic,and synopsismosaichave been
investicatedin [47]. Directmethodsareappliedto alignimagesandto generateéhemosaic.
A high resolutionmosaicis generatedy sliding the mosaicandwarpingthe next frame
into themosaic[89]. Sincewarpingoccursfor every frame,the generateanosaiccanstill

be blurred. Moreover, temporalintegrationmethodsareusedaccordingto the type of the
mosaicthatwill begeneratedThetemporalintegrationmethodsalsocauseblurringin the

mosaic.

Thespritegenerations alossyprocessandtheresultingspriteis usuallymoreblurredthan
the original sprite. This resultsfrom the inaccurag of the motion estimationandwarping
stage Especiallyif thecameran theactualscends moving fastasin betweerframes230
and270 of 'stein' MPEG testsequencethe cameracannotcapturethe ervironmentat a
goodquality. Moreover, warpingblurs the original imageandintegration of the blurred

imageinto the spriteworsenghe sprite. Figure5.1.2shovs an exampleof blurredsprite
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generatedrom frames260 to 280 of 'stefan’ video. Especiallynotethe blurring in the

spectatorsirea.

Figure5.1.2:Blurredspritegeneratedrom frames260to 280 of 'stefan'.

Staticspritedisplaysthe stationarypartsin the scene.The dynamicspriteshavs the sprite
with the mostrecentframe. Synopsissprite containsshadevs of the moving objects. All
thesesprite generationtypescauseblurring of the image. We will de ne a new type of
spritetermedas“consenative sprite”to avoid blurring of the sprite. However, conserative
spritegeneratiomequireshe segmentatiormaskfor moving objects.In conserative sprite
generationthe new pixel from the new imageis integratedinto the spriteif no pixel was
integratedontothatlocationbefore. Figure5.1.3shows the conserative spritegenerated

from frames260to 2800f 'stefan’ video.
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Figure5.1.3: Consenrative spritegeneratedrom frames260to 280 0f 'stefan'.

5.1.3 High ResolutionSprite Generation

Motion parameterghat are obtainedfrom Equation4.3.1 are usually real numbersand
yield real-waluedtransformedcoordinates.The original imagesare sampledinto integer
domain. The ordinarytechniquescreatea sprite having a resolutionof the initial frame
in thesequenceThe pixel locationsin the spritemay not correspondo the integervalued
pixel locationsin thenew frame. Approachedik e bilinearinterpolationareusedo estimate
the pixel value at the location. Bilinear interpolationtakes the weightedaverageof the

closespixelsandblurstheimage.

A highresolutionvideomosaicingapproachs proposedn [91]. A high resolutionmosaic
is generatedvherea mosaicalsocontainshalf-peldata.Whena new frameis processeda
shift (diagonal,vertical, or horizontal)on the mosaicis assumedandthe frameis warped

into the correspondingareain the mosaic. This usually preseresthe original sharpness
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of theimage. However, this approachdoesnot considerthe precisionof the transformed
coordinatesandwarpingstill occursat a low resolutionbecausef shifting. In our case,
warping occursat high resolution(Figure 5.1.4). Every pixel in the warping region is

updatedduringwarping.
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Figure5.1.4:High resolutionsprite.

Themotionparameterarealsoaffectedby the moving objectsandaperturgoroblem.This
causesomedeviation from the original valuesof motion parameters Whenthe motion
estimationis performedfrom frameto frame,the erroraccumulatesindpropagtesto the
later motion estimationandwarping. In addition,warpingat every framealsointroduces
blurring. Thus,insteadof warpingat every frame,the framesarewarpedinto the spriteat
intervals. But the motion estimationhasto be performedfor eachsequentiaframe. The

previous frameis mappedfrom the spriteto avoid error accumulation. Threethresholds
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areused: maximumaccumulatedlisplacementmad , maximumscalefactor msf and
maximumintenal length mil . The motionbetweenconsecutie framesareaccumulated
until the displacements lessthanmad andscale(zooming)factoris lessthanmsf. Oth-
erwise,the motion betweerthe rst frameandthe lastframein theinterval mayincrease
signi cantly, andmotion estimationmethodsmayyield lessaccuratgparametersif there
is no signi cant motionin the sequencethe relatve motionis computedfor at mostmil
frames.Thisupperboundis neededo remove theobjectsfrom thebackgroundsprite. The

frameis alsowarpedinto the spritewhenthe directionof cameramotionchanges.

5.2 Sprite Pyramid

In traditionalmosaicingnethodsmosaicsaregeneratedby mappingontoapredetermined
singlespace. The orderof imagesis importantin mosaicgeneration.In mostcasesthe
imagesare mappedaccordingto the rst imagein the sequence.If the image hasthe
lowestresolution,thenalow resolutionmosaicis generatedndif the rst imagehasthe
highestresolution a highresolutionmosaicis generatedin the rst casejf theimagesare
generatedrom themosaic they will have lowerresolutionghanthoseof theoriginals.For
example,Figure5.2.1givesan exampleof suchanimagealignmentwherethe rst image
hasa lower resolution.Figure5.2.2shavs an exampleof imageregeneratiorfrom a low

resolutionmosaic.If the rst imagehashigh resolution,aftertheimagesarealigned,the
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(@) (b)

(©)

Figure5.2.1: Imagealignmentfor differentresolutions:(a) rst image(b) new image(c)
mosaic

nal mosaicwill be hugeto resene theresolutionof the rst image.Thegoalis to provide

amethodto generatenosaicwithoutlosingresolutionwhile maintainingef cient storage.

A spritepyramidconsistof L layers 0 | L , wherethelowestlayercontainghehigh-
estresolutionandthe highestlayer containsthe lowestresolution.Laplacianpyramid[19]
is a hierarchicaway of representin@nimageusuallyat low resolutionsat the high levels
andhighresolutionsatthelow levels. Eachlayercontainghe samemageatdifferentreso-

lutions. Sincethespriteis notviewableatall resolutionssomelayersof the spritepyramid
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Figure5.2.2:Regeneration.

may containimageshaving holes. Irregular shapesoccurringas holesare causedoy the
rotationof the camera.A hole alsooccurswhena segmentof anobjectis not capturedat
thatresolution.Existenceof the holesis the main differencefrom traditionalimagepyra-
midsusedin theliteraturewhereeachlayercontainsanimageat differentresolution.Each
layer| of pyramids hasa zoomingfactors,. The structureof a sprite pyramidis shavn
in Figure5.2.3. The advantageof this spritepyramidis thatit keepsall the datavisible at
its resolution.So,whena videoframeor imagehasto be regeneratedthe video objectis

generatedrom thelayershaving closerzoomingfactors.

The generationof sprite pyramid from a group of imagescan be performedef ciently
sincethe numberof imagesis few or the cameramotionis not contiguous.In avideo,the
cameramotionis usually continuous.Creatinga layer for eachframeis time consuming
andnotefcient. If zoomingis notsigni cant, framesare mappedontothe currentlayer.

If zoomingis greaterthanl andsigni cant, it is mappedontothe lower layer Otherwise,
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Figure5.2.3: The spritepyramid.

it is mappedntothe upperlayer.

In most casesthe reasonof zoom-inis to focus on the interestingobjectin the scene.
Therefore, mappingcanbe ignoreduntil the zoomingoperationstops. In thatcase there
is aninterestingobjectandthatscenehasto be keptat high resolution.If new partsof the
scenearevisible during zooming,thoseregions are mappedonto the currentlayer of the

sprite.

All theimagesarealignedat their own layers. Theimagesarealsoalignedat the lowest
resolution.At level 0, thespritecontainghelargestview of thescene This spritemayalso

be usedto displaythe big pictureof the object.
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5.3 Experiments

5.3.1 High ResolutionSprite

In our experimentstheresolutionof the spriteis twice astheinitial frameof thesequence,
thusresultingin half-pelaccurag. The madandmil arebothselectecas10. Figure5.3.1
shavs anordinaryblurredspritegeneratedrom ‘coastguardMPEG testsequencelf the
motion can be modeledusing translationalmodel, the imagescan be warpedaccording
to the precisionof transformedcoordinates.MPEG-4testsequencécoastguard'canbe
modeledusing translationalmodel. Figure 5.3.2 shavs the high resolutionbackground
sprite generatedafter 300 frames. No sggmentationrmaskis usedin the generation.The
water texture is smoothedbecauseof temporaltexture, and hasbeenremoved from the
sprite. Theright sideof the gure includespartsthatarenot lled by frames.Thereforethe
right sidelooksdarker. Thesdocationsare lled with bilinearinterpolation.Thesmoothed

regionsin the ordinaryspriteareclearlyvisible in the high resolutionsprite.

Figure5.3.1: OrdinarySprite.

Thereare no standardizegerformanceestsfor generatingsprites. The mostcommon
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Figure5.3.2: High resolutionspritefrom coastguard.

methodis averagingPSNRvaluesfor a video. Although PSNRis a goodindication of
similarity betweerimagesaverageof PSNRvaluess notalwaysagoodmeasurdor video.
Figure5.3.3shavsthespritegeneratedor ‘foreman' MPEGtestsequencéom framesl95
to 240. Thecorresponding® SNRvaluesfor framesthataregeneratedrom high resolution
spriteandordinaryspritearegivenin Figure5.3.4. We have usedaf ne motion modelfor

‘foreman' sequence.

5.3.2 Sprite Pyramid

To shaw the effectivenessof the sprite pyramid, we give an examplefrom a distanceed-
ucationapplication. Digital lecturescontainzoom-inandzoom-outoperations.Zoom-in
usuallyhappensvhentheinstructorpointsanimportantdataontheboardor theslideshow.
Whenzoom-inhappensimportantdataaredisplayed.Whenzoom-outhappensthe gen-
eralview is presented Figure5.3.5shawvs threescenedrom the lecturebeforezoom-in,

afterzoom-inandafterzoom-out.
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Figure5.3.3: Spritegeneratedrom ‘foreman’.

90
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Figure5.3.4: PSNRfor foremansequence.

Figure5.3.6displaysthe a; parametef af ne motion modelwith respecto the initial
framein theclip. It is about20 second<lip startingfrom frame 32400to frame 32900.
We only presenta, sinceay is nearlyequalto as; andag andas is very closeto 0. In the
gure, p1, pP3, Ps, and py arepeakpoints(local maxima).At thesepoints,zoom-inreaches
its nal point. Thesearethe possiblepointsthatthe signi cant objectis beingcapturedat
the requiredresolution. In the gure, p2, psa, pPs, and pg arethe local minimawherethe
zoom-outstops. In region Ry, thereis a continuouszoom-in, so this partcanbeignored
in spritegenerationIn Ry, thereis a continuoussigni cant zoom-out.In region Rz, ps is
very closeto theneighboringocal minima,i.e., ps andps. Thereis no signi cant zoom-in

operationat this part. In region Rs, ps4 and pg arevery closeto their neighboringlocal
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(b)
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Figure5.3.5: Zoom operationsan a lecture (a) frame 32400 (beforezoom-in) (b) frame
32550(afterzoom-in)(c) frame32900(afterzoom-out)
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maxima. Therefore thereis no signi cant zoom-out.Region R3 focuseson theimportant
objectin thesceneln regionsR; andRs, the generalview of the ervironmentis shavn in

theclip.

Separatespritesare generatedor Ry, Rz, andRs, and form the layersof the sprite. In
traditional spritegenerationsingle spritewould be generated Sincetemporalintegration
is performedat differentresolutionsthe resolutionof the spritesis not degraded(blurred)
by integrationof lower resolutionframes.In Figure5.3.6,a, at py is nearlythreetimesof
ay at pg. If thespriteweregeneratedthe nal spritewould be9 (3x3) timeslargerthanthe
original frame. In this casetherewill bethreelayersof sprite:for Ry, R3, andRs. Ry and
R4 only contrikutesto the spriteif they cover somesegmentshatarenotcoveredin Ry, Rs,
andRs. Sinceframesin Ry, Ry, R4, andRs arenotintegratedon framesin Rg, thespritefor

Rs is not blurredby low resolutiondataintegration.

During our experimentswe have facedproblemswvhenusingtraditionalmosaicgeneration
methods Spritegeneratiorfrom thewhole sequencés erroneousincetheimage(at high
resolution)is consideredisa patternin alow resolutionimage. During error computation
andmotionparameteestimationtherearecandidateegionsin low resolutionmagewhich
give lesserror thanthe original region. In that case,sprite cannotbe generategroperly
andlong-termspritegeneratiormethodq90] fail. Ontheotherhand,frame-basednotion

parameteestimationyields error accumulationin sprite generation.Figure 5.3.7 showvs
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Figure5.3.7: Comparisorof PSNRvaluesfor ordinary sprite generatiorandfrom sprite
pyramid.

the comparisonPSNRvaluesfor the high resolutionsequencef a video by usingsprite
pyramid andan ordinary sprite generatiortechnique.This gure shows the ef ciency of

usingspritepyramid.

5.4 Summary

In this chapter rstly, we have presentedch methodfor high resolutionsprite generation

from video. Motion estimationis performedbetweeneachconsecutie framenot to miss
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visible areasin the sequencdor sprite generation.We introducea new sprite namedas
conservativespritethatis clearerthantraditionalsprites.Theblurring in the spritegenera-
tion is reducedoy warpingatintervalsandatahigherresolution.Althoughhigh resolution

spritewarpingincreaseglapsedime, this is compensatelly warpingatintenals.

We have alsopresentethespritepyramidfor videosandimageshaving nite-depthscenes.
In applicationdik e distanceearning,zoom-inand zoom-outare commoncameraopera-
tions. The original spriteis only appropriatefor applicationshaving no zooming. Tradi-
tionalmosaicingechniquesisuallyignorethesebasicoperationsandcauseblurredor very
large mosaics.This problemcanbe resohed by mappingthe frameson a pyramid where
layersre ect differentresolutions More importantly this sprite pyramid modelallows the

regeneratiorof thevideoframesandobjectsat the resolutionthey werecaptured.



Chapter 6

MideoCruise:Spatial Browser for

RecordedDigital Video

Spatialbrowsing of video documentsnableghe viewersto visualizeinterestingobjects
from their perspectie. In this chapter we introducea system,termedas VideoCruise
to spatially browse the video documents. VideoCruiserequiresaccurateglobal motion
estimationand accuratesprite generation.Although therehave beenmethodsdeveloped
to performtheseoperationsthe outputof thesetechniquesanonly be usedwith motion
compensation.To measurethe quality of the sprite, a new measurecalled sharpnesss
usedto estimatethe blurring in the sprite. After motion parametersre detectecandthe

precisespriteis generatedyideoCruisemanipulateghe sprite andthe original framesto

97
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allow interactve spatialbrowsing which enablegpanningtilting, andzooming. We have
conductedexperimentson standardVIPEG-4 test sequenceand discussedhe output of

our experiments.

Although spatialbrowsing is enabledin virtual environments,the sceneis generatedy
usingcomputergraphicstoolsasin interactve walk throughapplicationd103]. However,
theseapplicationgdo not give thefeeling of browsingthroughrealimages.In reallife, it is
notpossibleto de ne everykind of sceneby geometrigorimitives. Anotherproblemis that
the ervironmenthasto be well-de ned. In [2], a spatialnavigation systemis proposedy
modelingthe original videousingVRML (Virtual Reality Modeling Language).The user
will beableto navigateusingVRML andaccesspatiallocations.Therehave beenintelli-
gentcameragievelopedto follow the prede nedobjects. An intelligentcamerasystemis
developedto tracklecturerandaudiencean [79]. Panoramiccamerasare usedto capture
theenvironmentin [96, 53]. Theregion of interestsaaredetectedrom the panoramicscene
andthesepartsarepresented96]. Thisapproachs notapplicableto previously developed

videos.A spatiallyindexed camerads explainedfor navigationin [53].

Our goalis to enablespatialbrowsing of recordedvideo. We do notassumehatthe scene
is prede ned. We considersceneghat are capturedusinga singlecamera.The usercan
browse the sceneby using cameraoperationdike pan left and right, tilt up and down,

andzoomin andout. The backgroundmosaicor sprite hasto be extractedto provide
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theseinteractions.However, the ordinaryspritegeneratiormethodshave somehandicaps
to be useddirectly in spatialbrowsing. For example,in MPEG-4[87], the generation
andplaybackof the new generatediideo dependon the motion compensatiomlgorithms
sincethe motion cannotbe estimatedaccurately The usercanspatiallybrovsethe video
andreleasebrowsingto seethe actualvideo at ary framedisplay We call this systemas

VideoCruise In this chapterwe describehe systemandevaluationof the experiments.

This chapteris organizedasfollows. In the following section,the component®f the sys-
tem areexplainedbrie y. The spatialbrowsing issuesare expressedn Section6.2. The
experimentsare explainedin Section6.3. Section6.4 discusseghe limitations and the

futurework. Thelastsectionconcludesour chapter

6.1 SystemComponents

VideoCruisehastwo components:preprocessingnodule and spatial browsing module
(Figure6.1.1). In the preprocessinghase the global motion estimationbetweenframes
andthe generatedpriteis performed;andthe spriteis generatedSincethe spriteis used

in spatialbrowsing,our goalis to generate high resolutionspritewhile reducingblurring.

The motion parameter$or eachframeis storedand madeavailablefor spatialbrowsing.

Theusercanbrowsethevideousingpanning tilting, andzoomingoperationsTheframes
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Figure6.1.1:Component®f VideoCruise.

andthe spritearemegedby adjustingmotionparameterandenablingbrowsing.

The videosthat we experimenthave color components.Eachpixel in a framehasYUV
components.We have performedGME only on luminancevalues(Y component).The
U andV componentsisuallydo not contritute muchto the GME andmoreawer, it brings

additionalprocessingost.
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6.2 Spatial Browsing

Spatialbrowsing requiresintegration of spriteandthe frames. In [96], sincethe original
scends a panoramicscenetheregion of interestfrom the scends detectecandpresented
to theuser In their casethereis no needto integrateframesandthe backgroundsprite. In
our casethe spriteis generatedisingthe framesandit is importanthow theseframesare

relatedspatially

The video can be seenin two ways at ary time of the video: original display and with
cameracontrols. The usercangain the cameracontrol at ary framedisplayat ary time.
The usercanalsoreleasehe cameracontrol andthe watchthe original video. Whenthe
usergains the cameracontrol, the cameracan be moved left, right, up, and down and

zoomedn andout (Figure6.2.1). Thisyieldscamerastabilizationandspatialbrowvsing.

Spatialbrowsing can be performedusing the segmentationmasksof the objectsif they
areavailable or usingthe completeframes. Whenobjectsare available, they arewarped
into the background.If the objectsare not available, original framesarewarpedinto the

background.
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Figure6.2.1:Userinterfacefor spatialbrowsing.
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6.2.1 Camera Stabilization

Whenthe usergainsthe cameracontrol, the camerais stabilized. In this case,sincethe
cameras static,the objectmight enterandleave the scenaf the original videois tracking

theobject.

Let f; framebethe framewherethe usergainedthe cameracontrol. Sinceall the motion
parametersare kept accordingto the initial framein the video, the relatve motion with
respecto the f; hasto becalculatedLet M™ t bethe motionparametein frame f; with
respecto frame f,,. For afne motionin Cartesiarcoordinatesystemthe parameters$or

frame f; arecalculatedusing

(6.2.1) MC t MOc 1 MOt

If eachframe f; is warpedaccordingto the new relative motion parametershe cameras

stabilized.
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6.2.2 CameraOperations

The usercanperformpanleft andright, tilt up anddown, andzoomin andout. These
operationsare performedin the transformedcoordinates.We have 3 parameter¢o han-
dle panning,tilting andzooming: panLeftRigh, tiltU pDown andzoomhOu. We also
have 3 thresholdgo determinethe strengthof the interaction:t , t¢, andt,. Wheneer
the userclicks panleft button, panleftRight  panleftRight t,. If the userclicks
panright button, panleftRight ~ panleftRight tp. If the userclicks pantilt up but-
ton, tiltU pDown  tiltU pDown t;. If the userclicks zoomin button, zoomhOu

zoomhOu t,. If theuserclicks zoomout button,zoomhOu  zoomhOu t,.

Theernvironmentshouldbesetaccordingo the new usersettings.Thebackgroundandthe
foregroundshouldbe updated Panningandtilting requiremodi cation onthetranslational

parametersThetransformatiormatrix becomes

& c zoomhOu ac zoomhOu a3c panLeftRigh
(6.2.2) al ¢ zoomhOu alc zoomhOu ac tiltUpDown

0 0 1
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6.2.3 Datafor Spatial Browsing

Themotionparametersnustbe availablefor the spatialbrowsing. In MPEG-4spritecod-
ing, the coordinatef trajectoriesaremaintainedor generatiorof motion parametersif
perspectie, af ne, translation-zoom-isotropimtation,andtranslationamotionareused4
points, 3 points,2 points,andl point arerequiredto generatehe motion parametersie-
spectvely. To supportrealtime processingthenumberof processeseeddo bedecreased.

Insteadof usingcoordinatesthe original motionparameteraremaintained.

The upcomingframesarewarpedaccordingto the rst framein the sequenceFor each
frame,themotion parameterareestimatedcandstoredin the databaseAfter warpingeach

frame,the centerof the framein the spriteframeis alsomaintained.

Sincethe framesare warpedonto the original frame, the relatve motion parametersre
maintainednsteadof the motion parameterdetweenthe sequentiaframes. The motion

transformatiorcanbewritten brie y as:
(6.2.3) v  Mv

whereM containsthe motion parametergor the rst matrix; v is the coordinatein the

previousframe;andv is thetransformedoordinate Therelatve motionis computedas
(6.2.4) v Mv M Mv MM v

wherev is the vectorfor the new transformedcoordinatesM andt hold the current
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motionparametersandM andt hold the motion parametersip to the currentframe.

For eachframefj, we have thefeaturesetF; ag a1 ap ag a4 as ag ay certery cernery
whereg; is themotionparameterandcertery andcerter, arethecentercoordinate®f the

framein thesprite.

6.3 Experiments

We have testedour tool on MPEG test sequencesstefan’, 'foreman’, ‘coastguard'and
lectureexamples.For stefan, we alsohave the sgmentatiormaskandusedit in the sprite
generatiorof 'stefan' sequenceTheafne motionmodelis usedin the motionestimation
of 'foreman’, 'stefan’ andlectures.Translationamotionmodelis usedin the estimationof

‘coastguard'.We have usedthesemotion modelsto be comparablevith otherwork in the

literature.

6.3.1 Accuracy of Sprite

Thecommonmethodto measurehe quality of a spriteis to regeneratéheframesfrom the
spriteandthento computethe PSNR(PeakSignal-to-NoiseRatio) betweerthe generated

framesandthe original frames. Higher PSNRmostly indicateshigherquality. However,
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PSNR may not always be a good measurementUsually PSNRis usedto measurehe
guality of a distortedimageby usingthe original image. Video canbe considerecasa
seriesof images.The quality of a generatedpritein this caseis measuredy the average
PSNR.TheaverageP SNRobfuscatesomeproblemsan thespritegenerationHumanscan
also evaluatethe generatedsprite. Sometimesthe spriteis generatecand the quality is

measuredby the viewer.

PSNRIis basedon the error function betweenmages(morespeci cally Equation3). The
sprite is generatecbasedon the motion vectors. Thereare two factorsthat affect error
in the function. Firstly, during sprite generationpixels may be shiftedin a wrong way.

Secondlythe spriteis blurreddueto warpingandtemporalintegration. Shifting problem
lowers PSNRwhereasblurring may increasePSNR.Whenthe imageis blurred, all the
pixels ata speci c locationin all frameswill be closerto the meanvalue. If oneof them
wasselectedtheimagewould not be blurred, but the error would increase We conclude
that PSNRaloneis not a good measureof the quality of a sprite. Anotherfactoris the
blurring of theimageor in contrasthow sharptheimageis. PSNRwith sharpnes®f the

spritefor eachframeis a betterindicationof the spritequality.

In reallife, blurring is usually causedoy the distortionin the lens of a camera.We will
computethe sharpnes®f the image using the gradientof the edges. Let g}j be the

gradientat location i j of frame f;. The gradientsare truncatedif they arelessthan
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theedgethresholdte(g}j Oif g}j te). Let f; bethe framethatsharpnessvill be

computedand fy betheoriginal frame.The sharpnessf aframe f; is determinedy

sNaM
ai aj G

(6.3.1) Qe
aNall o

This equationmeasuresiov muchthe original edgesaresmoothed.The numberof edges
could alsobe usedin sharpnessomputationhowever, the gradientalsokeepsthe infor-

mationon how muchtheedgeis smoothed.

During our experimentsve have computedmotionvectors sharpnessandPSNRfor each
frame. We have generatedonserative spriteandstationaryspritefor differentspritede-
tails 1 and 2, histogramsizesl, 2, 4, 8, and 16 for the histemporallter. Dueto space
limit, we will explain our resultson stefan sequencen detail and give summaryof the

otherresults.

6.3.2 PSNR

Differentspritesgeneratedor the'stefan' sequencés shovn in Figure6.3.1. We usedthe
segmentationmaskfor generatiorof the mask. Without sggmentationrmask,we alsoget
a similar sprite sincethe foregroundobjectdisplacests locationfrequently The average

PSNRsvaluesarelisted in Table6.3.1. The PSNRsfor histogramsizesl, 2, and4 are
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(@)

(b)

()

Figure6.3.1: Spritesfor 'stefan’ (a) histogramsize=1and detail=1(b) histogramsize=2
anddetail=4(c) consenrative sprite.

shavn in Figure6.3.2. Whenthe histogramsizeincreasesthereis slightimprovementon
the PSNR.Whenthe detail is increasedthereis a signi cant increasein PSNR.Figure

6.3.3displaysthe PSNRresultsfor detail=2.

The sprite canbe createdconseratively. Figure 6.3.4displaysthe PSNRvaluesfor the

conserative sprite.

For the foremansequencehe sprite cannotbe extractedsincethe backgrounds covered
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detall 1 1 1 2 2 2
histogram
size 1 2 4 1 2 4

[ PSNR | 21.16] 21.52] 21.54] 22.26] 22.55] 22.66]

Table6.3.1: AveragePSNRvaluesfor 'stefan’

detail 1 1 2 2
histogram
size 1 16 1 16

[ PSNR | 24.38] 26.37] 25.20] 27.44]

Table6.3.2: AveragePSNRvaluesfor 'foreman'

with the object. However, afterframe 190the objectdisappearérom the sceneandsprite
canbe generatedrom frames190to 300 (Figure 6.3.5). Figure 6.3.6 depictsthe PSNR
values. The averagePSNRvaluesaregivenin Table6.3.2. For ‘foreman’ sequencethe
increasecausedy histogramsizeis moresigni cant thandetail. Whenhistogramsizebe-
comesl6,thePSNRapproximatelyncreasedy 2. Ontheotherhand,whendetailbecomes

2,thePSNRincreasedy 1.

6.3.3 Sharpness

To measurdhe sharpnessf animage,the edgesn the original andthe generatedrame
have to be extracted. The edgesare detectedusingthe Sobeloperator{37]. The gradient

g is obtainedby addinghorizontalgradient gy andvertical gradient gy. The edge
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PSNR for stefan with histogram size=1 and detail=1 PSNR for stefan with histogram size=2 and detail=1
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Figure6.3.2: PSNRfor stefan for detail=1(a) histogramsize=1(b) histogramsize=2(c)
histogranmsize=4.



PSNR

CHAPTERG6. VIDEOCRUISE: SFATIAL BROWSERFOR VIDEO 112

PSNR for stefan with histogram size=1 and detail=2

PSNR for stefan with histogram size=2 and detail=2
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Figure6.3.3: PSNRfor stefindetail=2(a) histogramsize=1(b) histogramsize=2(c) his-
togramsize=4.
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PSNR for stefan with histogram size=1 and detail=1 using preservative mosaic
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Figure6.3.4: PSNRfor stelinusingconsenrative sprite.
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Figure6.3.5: Spritefor 'foreman’ videofrom frames190to 300.
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PSNR for foreman with histogram size=1 and detail=1 PSNR for foreman with histogram size=16 and detail=1
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Figure6.3.6: PSNRfor foremansequencdrom frame 190to 300 (a) detail=1histogram
size=1(b) detail=1histogransize=16(c) detail=2histogransize=1(d) detail=2histogram
size=16.
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detall 1 1 1 2 2 2
histogram
size 1 2 4 1 2 4

[ Sharpness$ 0.45] 0.50] 0.55] 0.52] 0.55 0.59]

Table6.3.3: Averagesharpnessaluesfor 'stefan'

thresholdt ¢ shouldnot be sohigh. If te is high, only blurring at signi cant edgesarede-
tected.In ourexperimentsywe sett as30. Figure6.3.7displaysthesharpnessf generated
framesof 'stefan’. The averagesharpnesss givenin Table6.3.3. Figure6.3.7shaws the
sharpnessaluesfor eachframein eachcase.Theaveragesharpnesr conserative sprite
is 0.83. As canbe seenfrom Table 6.3.3, both detail and histogramsize are effective in

increasingsharpness.

6.3.4 Discussion

Accordingto Table6.3.1,thehistogramsizedid nothave signi cant contritutionto PSNR.
However, accordingo Table6.3.3,thehistogransizehasclearpositive effectonthesharp-
nesf thesprite. Althoughhistogransizemaynotcontritutemuchto PSNR it contrilutes

to thesharpnessf theimage.This positve improvements not detectabldy PSNR.

Thereis a strict relationshipbetweenthe PSNRandthe motion of the camera.Wheneer
the objectvisits a new place,the PSNRstartsincreasingWheneer the objectvisits previ-

ously visited place,PSNRstartsdecreasingFor instancefor framesO0 to 30, the objectis
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Sharpness for stefan with histogram size=1 and detail=1
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Figure 6.3.7: Sharpnesgor stefan sequencevith detail=1(a) histogramsize=1(b) his-
togramsize=2(c) histogramsize=4(d) conserative sprite.
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visiting new places(Figure6.3.9). Fromframes30 to 80, again previously visited palaces
arevisited. Fromframes80to 120, new placesarevisited. Fromframes120to 180, old
placesarevisited. Fromframes,180to 210new placesarevisited. Fromframes210to 250
new placesarevisited. Fromframes250to 290, new placesarevisited. We did not con-
siderthepositionin y directionsincethe motionin y directionis notsigni cant. However,
theincreaseanddecreasén PSNRarecloselyrelatedwith visiting the new or old places.
In fact, this is relatedwith the numberof visits to a speci ¢ position. As a future work, to
increasethe PSNR,the framesthat visit previously visited placesmay not be usedin the

spritegeneration.

6.4 Limitations

Themoving objectsin thevideohave to becaptureccompletely If avideoobjectdoesnot
appearcompletelyin avideoframe,duringspatialbrowsingtheinvisible partswill still be
invisible. Therearea coupleof waysto avoid this defect. One of themis to limit spatial

browsingwhenthevideoobjectis not captureccompletely

We assumehatthe cameradoesnot make signi cant rotationalmotionaroundits axis. In
sucha casethe generatedprite shouldbe mappedo a cylindrical sprite. The approach

canalsobeappliedfor Video360 applicationsln thosecasesthe spritehasto be static.
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Figure6.3.9: Positionof objectin x axis
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6.5 Summary

In this chapterwe have presente@ninteractve spatialbrowser VideoCruisefor recorded
digital video. The VideoCruiserequireshigh quality sprite generation.Our experiments
have shovedthataveragePSNRis not alwaysa goodindicatorof quality by itself. PSNR
doesnot considerblurring in the sprite. Sharpnessneasurds anindicatorof blurring in
the sprite.We have obtaineddifferentsharpnesmeasure$or the sameaveragePSNR.We
demonstrateéxamplesrom standardPEGtestsequencefOncethe motionvectorsand
the spriteare generatedyideoCruiseprovidesinteractve spatialbrowsing. VideoCruise
providespanning tilting andzoominginteractions VideoCruiseallows the useto gainand
releasethe cameracontrol at ary framedisplay Whenthe cameracontrolis gainedall,
framesaremappedaccordingto the framewhich cameracontrolis gained. In additionto

browsing, it enablecamerastabilization.



Chapter 7

An Intr oduction to Multimedia

Synchronization

Multimedia synchronizatiordealswith the synchronizatiorof mediastreamsn a presen-
tation. Synchronizations classi ed asintra-streamsynchronizatiorandinter-streamsyn-
chronization. The intra-streamsynchronizatiormanageshe presentation®f streamsat
a requiredrate (e.g. playing video 30frames/second)The inter-streamsynchronization
managesherelationship@amongthe streamsTherearetwo typesof inter-streansynchro-
nization: ne-grainedsynchronizatiorandcoarse-gainedsynchronization.Fine-grained

synchronizatiomequiresatight synchronizatiombetweereachsegmentof two streamdik e

122
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a lip-synchronizatiorbetweeraudioandvideo. Most of theresearchn ne-grainedsyn-
chronizationaims at lip-synchronizatiorbetweenaudio and video [92]. Coarse-grained
synchronizatiorhandlesthe relationshipsamongstreamsand determineswvhen streams
startandend. Synchronizatiorspeci cationlanguagesike SMIL [88] focuseson the syn-

chronizatiorrequirementgor coarse-grainedynchronization.

Compositionof mediaobjectssuchasaudio,video, andimageplay animportantrole in
today's multimediasystemsanddatabasesA multimediapresentatiomodelshouldsup-
port both event-basedndtime-basedactionsto satisfy e xible speci cationand presen-
tation requirements.The comple« synchronizatiorrequirementshouldbe supportedoy
themodelto maintaintheintegrity of thesynchronizatiomamongindividual mediastreams
in caseof delay or loss of dataover the network. The model shouldallow VCR-type
functionslike play, pauseyesume (fast-slav) forward andbackward, skip andtheseuser
interactionshouldbeprovidedfor browsingcapabilitiesof the presentatiomndshouldnot
increasdghe compleity of the speci cationof the multimediapresentationThe backward
operatiorprovidesbrowsingandtheskip functionalityallows presentingpeci c segments
of the presentations-orward andbackward (fastor slow) operationsnablequick scanof
the presentationfFor example,in aneducatiormultimediasystemtheusermaynotunder
standthe conceptdhatarestatedn alecturevideo (andaudio)andhe may needto replay

thatsectionuntil heunderstandsSo,a presentatiomay needto be startedrom ary point.
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If therelationship@amongmediastreamsarespeci edby usingconstraintsgonditionstate-
ments,or eventrelationshipsthe synchronizatiortanbe handledn amoreconsistentvay.
In event-basednodels,no modi cation on starttimesanddurationsof streamds needed
for interactionssuchasplay, pauseresumeand (fast-slav) forward. But skip andback-
ward operationsarecomple, because¢he constraintsconditionstatementandeventsfor
thesefunctionalitiesmustalso be available to the system. If the backward presentation
is supportedthe lengthof the speci cationdoubles.So, event-basednodelsdo not sup-
port backward presentationsSomesupportskip operationswith a lengthy speci cation.
The event-basednodelshave more semanticghantime-basednodelsby imposingrela-
tionshipsamongstreams.Whenan eventis signaled,it meanshatthereis a relationship
betweenthe sourceandthe destination. Time-basednodelsdo not have this kind of se-
mantics.In anevent-basednodel,thestartof astreamdepend®naneventsignal. So, it is
unnecessarto keepparametersuchasstarttime andduration,andto modify thesevalues.
Thus,usingeventsgive usmore e xibility to modelthe synchronizatiorof a presentation.
Previouswork on event-basednodelsassumeshatthe eventswill certainlybe generated.

So,they did not needto investicgatewheneventscanbe signaled.

Neverthelessto ourknowledge thereis noimplementede xible modelthatsupportdack-
wardfunctionality Themaindif culty behindbackwardandskipis thattheseinteractions
changehe courseof the presentationAlthough conceptuaimodelshave beenproposedo

handlebackwardandskip [107, 73], theimplementedsystem<ould not usethesemodels
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sincethey requirethe authorsto spendenormougime on modeling.

7.1 Reasondor Limitations on User Interactions

More generallywe believe thattheseémplementedystemsgnoredskip andbackwarddue

to following reasons:

1. Mostof thepresentationsicludedcompressedideostreamike MPEG.Compressed
videois designedor forwarddisplayandimportantframesappearrst in thenomi-
nal presentationsBut they appeathelastin the backwarddirectionthusmakingthe
backwardingvery dif cult. If video cannotbe playedin backward direction,there
is no needto backward a presentationSkippingis not easysinceeachframein the
videohasadifferentsize. It is not possibleto skip to a speci ¢ framesinceits exact
locationin thevideois unknovn. Nowadays by usingbuffering andpreprocessing
techniquest is possibleto performbackwarding and skippingto ary pointin the

video[108].

2. Most of the presentationalsoincludedaudio. Playingaudioin the backwarddirec-
tion doesnot make arny senseNowadaysaudiois accompanieavith closedcaption.

Eventhoughaudiois not played,thetext canbedisplayedn thebackwarddirection.

3. Inherentde ciency of the modelscould not dealwith theseoperations.Especially
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it is hardto manageheseuserinteractionan event-baseanodelssincesomeevents
may be skippedor signaledagainyielding incorrectpresentations-or the backward

presentationst is evenunknovn whatto performin the backwarddirection.

4. It is assumedhat managemenof thesefunctionalitiesis easyandthey canbein-
corporatednto the systemeasilylater Managemenbf thesefunctionalitieslooks
easybut is actuallyhard. At rst sight,it lookslik e reversingtherelationshipgields
the backward presentationwhich is not true. Therehasbeena lot of time spent
for properspeci cation of forward presentation$o capturethe synchronizatiorre-
guirements. Since, presentationgre not deliveredin a perfectworld, eachminor
differencein the speci cationmayyield a differentpresentationFroma given for-
ward presentatiorspeci cation,a numberof backward presentationsnay be speci-

ed. Theproblemis to determinehe bestone,whichis compliantwith the authors

forwardpresentation.

7.2 RelatedWork

Allen [1] introduced13 primitive temporalrelationshipsfor time intervals. This model
describeshow the time instantsand presentatiordurationsof two temporalintervals are

related. It doesnot quantify the temporalparametergor time instantsand duration of
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temporalintervals. This work forms the basisfor most of the synchronizationrmodels.
Little et. al. [56] extendedthesewith n-aryandreverserelationshipsThen-arymodelhas
thesamepowerastheAllen'smodelbutit is easielto createcompositeobjects.Thereverse
relationshipscandeclarerelationshipgor backward presentationsOverlaps,during, and
nishes canonly be expressedwith time valuesin thesemodels. The veri cation of a
multimediapresentatiomsuallyconsistsof veri cation of theserelationshipsif thereis a
problemin presentingary mediaobject,it is not clearhow the presentatiof othermedia
objectswill be affectedif the temporalrelationsare de ned by using befoe, overlaps,
during, and nishes. Thiskind of temporalcomposition®f mediaobjectsis goodonlocal

systemswvheredistribution over network is notneeded.

7.2.1 Time-basedModels

Oneimportantfactorin modelingof presentationss whetherthe modelis time-basedr
event-basedA lot of work hasbeendoneon time-basednodeling. Timed PetriNetsare
rst introducedor multimediapresentationsn OCPN[55] andextendedwith userinterac-
tionsin [107]. Themodelingof userinteractionsusingPetriNetshasbeencoveredin [73].
Thebackwardandskip hasalsobeencoveredbut for eachpossibleskip andbackward op-
eration(includingthe currentpositionof presentatiomndwhereskipis performed)a Petri

Net hasto be constructedAs thesePetriNetsarenot connectedo eachother veri cation
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andconsisteng of thewholesystems dif cult to handle.So,amodelwhereall operations
canbeincorporatedandveri ed is needed.Gibbs[36] proposed way of composingob-
jectsthroughBLOB storedin the databaseandcreatedbjectsby applyinginterpretation,
derivation andtemporalcompositionto a BLOB. The temporalcompositionis basedon
the starttimesof mediaobjectson a timeline. Hamakava et al. [40] hasan objectcom-
positionanda playbackmodelwherethe constraintscanbe de ned only aspairwise. A
time-basedsynchronizatiormodelthatconsideramasterslave streamdhaving at leastone
masterstreamis explainedin [46]. NSync[12] is a toolkit which managesynchronous
andasynchronougteractionsand ne-grainedsynchronizationThe synchronizatiomne-
guirementsarespeci edby synchronizatiorexpressioniaving syntaxWhen expression
action . The synchronizatiorexpressionsemanticallycorrespondso “whenever the ex-
pressiorbecomedrue,invoke the correspondingctiori’. It doesnotallow backward pre-
sentationgnddeclaratioris harderthantypical declarationsincethe authorhasto specify
the necessarynformationfor possibleskip operations. The speci cationwith NSyncis
comple, sincethe usermay needto updatevariablessuchaspointersof the presentation
thatcausesheuserto think aboutpointerupdatesothatthe presentatiors consistenand

theusermayneedto specifymoreconditionsdueto skip functionality

Time-basednodelsusuallykeepthe starttime anddurationof eachstreamandthesemod-

elsmodify the durationandstarttime aftereachinteractionof the systemor the user
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7.2.2 Event-basedModels

It hasbeenshawvn thatevent-baseanodelsaremorerobustand e xible for multimediapre-
sentationsA disadwantageof the event-baseanodelsis theinapplicability of themodelin
casethereis achangdn thecourseof the presentatiorflik e backwardingandskipping).In
anevent-basednodel,thestartof astreamdepend®n aneventsignal. Eventsfor multime-
diaapplicationsarediscussedn [99] andamodelthatincludestemporalandspatialevents
is givenin [68]. SSTS[68] is acombinationof Fire y' s[18] graphnotationandtransition
rulesof OCPN[55]. SSTShasAND-start,AND-end,OR-starandOR-endnodedo satisfy
thesynchronizatiomequirementsf multiple streamsTherelationshipamongstreamsre
basedon binaryrelations.SSTSdoesnot cover ary userinteractions.DAMSEL [75] has
an event-basednodelthat considersactivation of two eventssuchthat “occurrenceof an
eventwill causethe occurrenceof anothereventt time unitslater”. The occurrenceof an
eventmay alsodeferthe occurrenceof anotherevent. Temporalconstraintshatare used
in Madeus[50] arebasedon Allen's temporalrelations[1]. FLIPS[83] is anevent-based
modelthathasbarriersandenablergo satisfythe synchronizatiomequirementst the be-
ginningandtheendof the streamsit doesnot have complex userinteractionssuchasfast-
forward andfast-backward but it hasa limited skip operationthat movesto the beginning
of anotherobject. The functionalitiesof an applicationare classi ed as pre-orchestrated

or event-basedn [99]. The pre-orchestratedctionsarethe actionsthat are known prior
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Model Synchronization User
Requirements Interactions
Time Event Satishction | Speci®cation Play, Pause, Backward
based based Compleity | ResumeForward Skip
Gibbs[36] Low Low
FLIPS[83] High High No backward
Limited skip
NSync[12] Synchronization High High No backward
expressions
PREMO[41] High High No forward
Hamakava [40] constraints Moderate Moderate
SMIL [88] High Moderate
RuleSync High Moderate

Table7.2.1: Comparisorof existing methods.

to the presentatiorwhereaghe event-basednesaretriggeredby events. A timeline ap-

proachwith event-basednodelingis proposedn [43]. Userinteractionsare considered

but not VCR functionssuchasfast-forvard, fast-backward, or skip. They emphasizehe

synchronousindasynchronousvents. PREMO[41] presentsan event-basednodelthat

alsomanagesime. It hassynchronizatiorpointsthat may alsobe AND synchronization

pointsto relateseveral events. Time for mediais managedwith clock objectsandtime

synchronizablebjectsthat containa timer. They do not discussary userinteractionsin

their model. Multimedia synchronizatiorusing ECA rulesis coveredin [5, 4, 9]. These

papersshav how synchronizatiomequirementgsanbemodeledusingECA rulesandform

the basisof ECA rule modelingin this paper A hierarchicalsynchronizatiormodelthat

haseventsandconstraintss givenin [24].

Table7.2.1givesthe comparisorof the someof the existing synchronizationmethods.
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7.2.3 Synchronization Languages

SMIL [88] is a mark-uplanguagefor publishingsynchronizednultimediapresentations
via the Internet. It is unclearhow the users input affects the presentation.Marcusand
Subrahmaniafi59] considerpresentatiorcreationdependingon the consecutie queries
and constraintssubmittedby the user The userspeci es how the query resultswill be

presented.



Chapter 8

RuleSyncRobust Flexible
Synchronization Model Using

Synchronization Rules

In this chapteywe introducea synchronizatioomodel,termedRuleSyngcfor management
of robust, consistentand e xible presentationshat include a comprehense setof in-
teractions. RuleSyncmanipulatessynchronizatiorrules that are managedoy Recever
ControllerActor (RCA) schemewhererecevers, controllersand actorsare objectsto re-

ceive events,to checkconditionsandto executeactions respecitrely.

132
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8.1 Intr oduction

Multimedia presentatiormanagemenhasdravn greatattentionin the lastdecadedueto
nenvn emeping applicationslike video teleconferencinggollaboratve engineeringasyn-
chronoudearningandvideo-on-demandApplicationslik e videoteleconferencingrelive
presentationanduserinteractionsare usuallylimited in termsof accessinghe presenta-
tion. On the otherhand,applicationdike asynchronousearningand collaboratve engi-
neeringmay exploit recordedpresentationsind usersmay later accessand interactwith
thesemultimediapresentationsTherehave beenchallengingproblemsconfrontedwhen
multimediapresentationenableuserinteractionsandaretransmittedbver networksshared
by mary users.Thelossanddelayof the dataover the networks requirea comprehensie
speci cation of the synchronizatiorrequirements.The userinteractionsthat changethe
courseof a presentatioreitherincreasethe compleity of the speci cationor arenot al-

lowed.

Multimedia presentatiormanagementesearclstartedwith organizationof streamsthat
participatein the presentatiomndVCR-basediserinteractionsareincorporatedht differ-
entlevelsatthelaterresearchlinitial modelsonly consideregimpleinteractiondik e play,
pauseandresume.Flexible modelsdo not enforcetiming constraintsandtemporalorga-
nizationis ratherperformedby relatingeventsin the presentationFor example,streamA

startsafter (meets)streamB. Thereis no enforcemenbn mediaclock time like streamB
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hasto endataninstantandatthatinstantstreamA hasto start. Sincetheremaybedelayin
theplay of streamB, to startstreamA afterstreamB brings e xibility by notenforcingtim-
ing constraints. Speed-u@ndslowv-dowvn operationsareincludedat a later stagein initial
models.Skip andbackwardinteractionsareableto beincorporatedn time-basednodels.
Flexible modelscould not incorporatethesefunctionalitiessinceit is not clearhow these
interactionsaffect the presentatiorin thesemodels. Thereare only few e xible models
consideringskip operation.Thesemodelshave somerestrictionson the applicationof skip

functionality.

Thefollowing sectionexplainsthesynchronizatiomulesby introducingevents,conditions,
andactionsfor multimediapresentationsSection8.3 presentshe component®f the syn-
chronizationmodelwheremiddle-tier recevers,controllers,actors,andtimeline arecov-

ered.Thelastsectionsummarizeshe chapter

8.2 Synchronization Rules

Synchronizatiorrulesform the basisof the managementf relationshipsamongthe syn-
chronizationrules. Eachsynchronizatiorrule is basedon the Event-Condition-Action

(ECA) rule.
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De nition 8.2.1 A syndironizationrule is composeaf an eventexpressionconditionex-

pressionandactionexpressionwhich canbeformulatedas:

on eventexpressionif conditionexpressiondo actionexpression.

A synchronizationule canbereadas: Whenthe eventexpressionis satis edif the condi-

tion expressions valid, thentheactionsin the actionexpressionareexecuted.

8.2.1 Events,Conditions and Actions for a Presentation

In amultimediasystemtheeventsmaybetriggeredby amediastreamuser or thesystem.
Eachmediastreams associatedvith eventsalongwith its dataandit knowswhento signal
events.Wheneventsarereceved,thecorrespondingonditionsarechecled. If acondition

is satis ed,thecorrespondin@ctionsareexecuted.

De nition 8.2.2 Aneventexpressiommanaestherelationshipsamongthe eventsandcan

bede nedin thefollowing format:

eventExpression = eventExpression && eventExpression
eventExpression eventExpression
( eventExpression )

event;
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De nition 8.2.3 Aneventisrepresentedvith source evert type evert_data whersource
pointsthe souice of the event,evert_type representghe type of the eventand evert _data

containsinformationaboutthe event.

The event expressionenablesthe compositionof events may be requiredto trigger ac-
tionsinsteadof a singleevent. Compositeeventscanbe createdoy booleanoperators&&
(AND) and (OR).The AND compositionrequiresall eventsin the compositionandnot

necessarihatthe sametime.

Thegoalin inter-streamsynchronizatioris to determinevhento startandendstreamsThe
startandendof streamslependon multimediaevents.The hierarcly of multimediaevents
aredepictedn Fig. 8.2.1. Theuserhasto specifyinformationrelatedto the streamevents.
Allen [1] speci es13temporakelationshipsRelationshipsneetsstartsandequalsrequire
the InitPoint event for a stream. Relationshipsnishes and equalsrequirethe Endpint
eventfor astream Relationship®verlapsandduringrequirerealizationeventto start(end)
anotherstreamin the mid of a stream.Therelationshipdefore andafter requiretemporal
eventssincethegapbetweertwo streamsanonly bedeterminedy time. Temporalevents
may be absolutewith respecto a speci ¢ pointin a presentatiore.g. the beginningof a

presentation)Temporaleventsmay alsoberelativewith respecto anotherevent.

Eventsourcecanbetheuseror astream.Optionaleventdatacontaingnformationlike are-

alizationpoint. Eventtypeindicatesvhetherthe eventis InitPoint, EndPbint or realization
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Figure8.2.1: Theeventhierarcly.

if it is a streamevent. Eachstreamhasa seriesof events.Userscanalsocausesventssuch
asstart,pauseresumeforward,backwardandskip. Theseeventshave two kindsof effects
onthe presentationSkip andbackward changethe courseof the presentationOthersonly
affectthedurationof thepresentationln our systemgvenastreanmaybeplayedmultiple
times, eachinstanceof the streamhasa differentidenti er. If thereis no userinteraction,
eacheventis signaledonceduring the presentation.An event may be signaledmultiple

timesif userinteractiondik e backwardandskip occur

De nition 8.2.4 Theconditionexpressiondetermineghe setof conditionsto bevalidated

whenthe eventexpressionis satis ed andhasthefollowing form:

conditionExpression = conditionExpression && conditionExpression



CHAPTERS. RULESYNC:ROBUSTFLEXIBLE SYNCHRONIZATION MODEL 138

conditionExpression conditionExpression
( conditionExpression )

condition;

De nition 8.2.5 A conditionin a syndronizationrule isa 3 tupleC condtion t; q to
wheee q is a relationfromthe set andt; is either a statevariable that

determineghe stateof a streamor presentatioror a constant.

A conditionindicatesthe statusof the presentatiorandits mediaobjects. The mostimpor-
tant conditionis whetherthe directionof the presentations forward. The receiptsof the
eventsmatterwhenthedirectionis forwardor backward. Othertypesof conditionsinclude

the statesof themediaobjects.

De nition 8.2.6 Theactionexpressions thelist of theactionsto be executedvhencondi-

tionis satis ed:

actionExpression=  action actionExpression;

De nition 8.2.7 Anactionisrepresenteavith adion_type ssream adion_data sleepingtime
where adion_type needso be executedor sreamusingadion_data as parametes after

waiting for sleeping time. Action datacanbethe parameterfor speedingskipping etc.
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An actionindicateswhatto executewhenconditionsaresatis ed. Startingandendinga
streamanddisplayingor hiding images slidesandtext aresampleactions.For backward
presentationhadkwardingis usedto backwardandbadendis usedto endin thebackward
direction. Therearetwo kinds of actions: ImmediateAction and Deferred Action. Im-
mediateactionis an actionthat shouldbe appliedassoonasthe conditionsare satis ed.
Deferred actionis associatedvith somespeci ¢ time. The deferredactioncanonly start
afterthis sleeping time hasbeenelapsedlf anactionhasstartedandhadnot nished yet,

thatactionis consideredhsalive.

8.3 The Synchronization Model

Themiddle-tieris responsibldor extractionof synchronizatiomules. In this section, rstly
therole of the middle-tieris explainedbrie y. The elementof a multimediapresentation
areexplainedalongwith SMIL expressions.The rule generatiorfrom SMIL expressions
is coveredwith an example. Recevers, controllers,and actorsare basiccomponentf
the synchronizatiormodelandresponsibldor managemendf synchronizatiorrules. The
presentationimelineis usedto keeptrack of expectedtime of actions,receiptsof events,
satishction of controllers,and activation of actors. The presentatiortimeline is mainly

usedfor userinteractionghatchangehe courseof the presentation.
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8.3.1 The Middle-Tier

Themiddle-tierfor multimediasynchronizationrst handlegherulesthatcanbeextracted
from the synchronizatiorspeci cation. Synchronizatiorrequirementsre storedin rules
sinceeachsynchronizatiorrule is simple and can be processeaasilyto generateother
rules.Oncetherulesfrom the speci cationareextracted the synchronizatiomulesfor the
backward presentatiorare generatedThe extractedrulesarefed into the synchronization
model. The synchronizatiormodel containsa rule manageto managetheserules. The
timelinefor eventsandactionsaregeneratedh casethe courseof the presentatiomhanges
after userinteractiondik e skip andchangedirection. Whenthe presentatiormodulere-
ceivesan eventfrom the useror oneof the streamhandlersjt informsthe eventandthe
currentconditionof the presentatiorio the synchronizatiormodel. The synchronization
modeldeterminesdf ary of the rulesare satis ed andif arule is satis ed it informs the

necessargpctionsto the presentatioomodule. Theframawvork is shavnin Fig. 8.3.1.
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8.3.2 Elementsof a Multimedia Presentationand SMIL

Thebasiccomponentf a multimediapresentatiois a stream.In our model,a multimedia
presentatiormay have a containerconsistingof containersor otherstreams.This allows
groupingof streamsandcreationof subpresentations he containersansignallnitPoint
andEndPointevents. This meanghatthe containernitiatesits presentatiorandthe con-
tainerendseitherone or more of its componentsendor is endedby other containersor

streams.

Explicit rulesaregeneratedyy processinghe synchronizatiorspeci cation.In SMIL 1.0,
thereare two kinds of grouping, parallel and sequential. The beginning of a groupis
determinedby an eventsignaledfrom anothergroup,a streamor the user If the groupis
the rst groupthatis presentedn the multimediapresentationthe usereventUSER(Start)
determineghebeginning of the presentationThe parallelgroupingcorrespondso thelist

of all actionsthatwill startwhenthegroupstarts.Thus,if the parallelgroupingis like

par
. 1d="id1” ...
. id="id2” ...
.. id="idn” ...

Ipar
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thesynchronizatiomule is asfollows:

Rpar: 0N if direction=forvard do start(id1)

start(id2)

start(idn)

In the sequentialgrouping, the end of a streamtriggersstart of anotherstream. If the
sequentialgroup hasn elementsthereare n-1 rules for the group. Thus, if sequential

groupingis like

seq
.. 1d="id1” ...
Ld="id2” ... ... ... id="id(n-1)" .. id="idn” ...

/seq

Thesynchronizatiomulesthatwill begeneratecreasfollows:

Rseq: On .. if direction=forvard do start(id1)

Rse@: on id1(EndPoint) if direction=forvard do start(id2)

Rsegn 1 :on idy 1(EndPoint) if direction=forvard do start(idn)
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Noticethatthedirectionis consideredsforwardin the conditionpartsincethe userspec-
i es therequirementdor the forward presentationlIf time is associateavith a startof a
stream(e.g. starta streamafter 2 seconds)fime is consideredpart of the actionrather
thanpartof theevent. Includingtime in the eventexpressiornincreaseshe numberof rules

signi cantly (i.e. the sameeventmayalsotriggerotheractions).

Figure8.3.2: Samplepresentation.

A samplepresentations depictedin Fig. 8.3.2. Thereare 6 streamelements:Al, A2,
V1,V2,V3andT1l. Al andA2 areaudioelements.V1, V2, andV3 arevideo elements
andT1 is atext element.Assumethatthe presentations groupedaccordingto the SMIL

expressiorgivenin Fig. 8.3.3.

Therearefour containersn the presentationsequentiapresentationf V1 andvV2 (SEQ1),
parallel presentatiorof A1, T1 and SEQ1(PAR1), parallel presentatiorof A2 andV3
(PAR2) andsequentiapresentatiorof PAR1 and PAR2 (MAIN). We have the following
synchronizatiorrulesgivenin Fig. 8.3.4. The event-actionrelationshipgor PAR1 con-

taineris depictedn Figure8.3.5.
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seq
parendsync=Clast®
audioid=CA1°src=°cnn.aif/
seq
videoid=°V1°src=Ccnnl.mpvBegin =°1s°
videoid=°V2°src=°cnn2.mpvBegin =°4s°/
/seq
text id=°T1°src=Cleadetitle.html°begin =°id(V1)(1s)°dur=°10s°/
Ipar
par
videoid=°V3°src=°cnn3.mpvBegin =°2s°/
audioid=°A2°src=cnn2.aff begin=°4s°/
/par
/seq
Figure8.3.3: The SMIL expression.
(F1) on USER(Start) if direction=FORVARD do start(MAIN)
(F2)  on MAIN(InitPoint) if direction=FORVARD do start(FAR1)
(F3) on PARL(InitPoint) if direction=FORVARD do start(Al)
start(SEQ1)
(F4) on SEQ1(InitPoint) if direction=FORVARD do start(V1,1s)
(F5) on V1(InitPoint) if direction=FORVARD do start(T1,1s)
(F6) on V1(EndPoint) if direction=FORVARD do start(V2,4s)
(F7) on V2(EndPoint) if direction=FORVARD do end(SEQ1)
(F8) on (SEQL(EndPoint%& Al(EndPoint)
&& T1(EndPoint)) if direction=FORVARD do end(RAR1)
(F9) on PAR1(EndPoint) if direction=FORVARD do start(RAR2)
(F10) on PAR2(InitPoint) if direction=FORVARD do start(A2,4s)
start(V3,2s)
(F11) on (V3(EndPoint)&& A2(EndPoint)) if direction=FORVARD do end(RAR2)
(F12) on PAR2(EndPoint) if direction=FORVARD do end(MAIN)

Figure8.3.4: Forward synchronizationmules.
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Figure8.3.5: Theeventactionrelationshipsor PAR1.
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8.3.3 Recevers, Controllers and Actors

The synchronizatiormodelis composedf threelayers: the recever layer, the controller
layer, andtheactorlayer(Figure8.3.6). Receversareobjectsto receve events.Controllers
checkcompositeeventsandconditionsaboutthe presentatiosuchasthedirection. Actors

executethe actionsoncetheir conditionsaresatis ed.

De nition 8.3.1 Areceiverisapair R e C , whee eis the eventthat will bereceived

andC is a setof contoller objects.

Recever R canquestionthe eventsourcethroughits evente. Whene is signaledyecever
R will receve e. Whenrecever R recevesevente, it sendsnformationof thereceiptof e
to all its controllersin C. A recever objectis depictedn Fig. 8.3.7(a).Thereis arecever

for eachsingleevent. Thereceverscanbe setandresetby the systemanytime.

According to the synchronizatiorrules given in Fig. 8.3.4, thereare 13 recevers for
eacheventspeci ed in the event expression. Thesereceversare R1: user(SART), R2:
MAIN(InitPoint), R3: PAR1(InitPoint),R4: SEQL(InitPoint)R5: V1(InitPoint),R6: V1(EndPoint),
R7: V2(EndPoint),R8: SEQL1(EndPoint)R9: PAR1(EndPoint),R10: PAR2(InitPoint),

R11:V3(EndPoint) R12: A2(EndPoint)jandR13: PAR2(EndPoint).
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De nition 8.3.2 A controller is a 3-tupleC  eece A whek eeis an eventexpression;

ceis a conditionexpression;andA is a setof actors.

ControllerC hastwo componentdo verify, compositeeventsee and conditionsce about
the presentationWhenthe controllerC is noti ed, it rst checkswhetherthe eventcom-
position condition eeis satis ed by askingthe recevers of the events. Oncethe event
compositionconditioneeis satis ed, it veri es the conditionsce aboutthe statesof media
objectsor the presentationAfter the conditionsce aresatis ed, the controllernoti es its
actorsin A. A controllerobjectis depictedn Fig. 8.3.7(b).Controllerscanbe setor reset

by the systemanytime.

For the synchronizatiorrulesgivenin Fig. 8.3.4,we have a controllerfor eachsynchro-

nizationrule. So,we have 12 controllers(C1,C2,...,C12hich arelistedin Fig. 8.3.8.

De nition 8.3.3 Anactorisapair A at wher ais anactionthat will be executed

aftertimet passed.

OnceactorA is informed,it checkswhetherit hassomesleepingtimet to wait for. If t is
greateithan0, actorA sleepdor t andthenstartsactiona. If t is 0, actiona is animmediate

action.If t 0, actionais adeferredaction.An actorobjectis depictedn Fig. 8.3.7(c).
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For the synchronizatiorrulesgivenin Fig. 8.3.4,we have oneactorfor eachaction. So,

we have 15actors(A1,A2,...,A15)which arelistedin Fig. 8.3.8.

8.3.4 Timeline

If multimediapresentationare declaredin termsof constraintssynchronizatiorexpres-
sionsor rules,the relationshipsamongstreamsare not explicit. They only keeptherela-
tionshipsthataretemporallyadjacentor overlapping. The statusof the presentatioomust
be known at ary instant. In our work, the presentatioriimeline objectkeepstrack of all

temporalrelationshipsamongstreamsn the presentation.

De nition 8.3.4 A presentatiortimelineobjectis a 4-tupleT  receivell cortrollerT
adorT adionT wheereceivel, cortrollerT, adorT, andadionT are timelinesfor re-

ceives, controllers, actors, andactions,respectively

The timelinesreceiveil, cortrollerT, adorT, andadionT keepthe expectedtimes of
thereceiptof eventsby recevers,the expectedtimesof the satisactionof the controllers,
the expectedtimes of the activation of the actors,andthe expectedtimes of the start of
the actions,respectrely. Sinceskip andbackward operationsare allowed, alive actions,
recevedor not-recevedevents,sleepingactorsandsatis ed controllersmustbe known for

ary pointin the presentation.The time of actionscanbe retrieved from the presentation
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timeline object.

Theinformationthatis neededo createthe presentatiotimelineis thedurationof streams
andtherelationshipsamongthe streams.The expectedtime for the receiptof realization
InitPoint, and EndPint streameventsonly dependon durationof the streamandthe start
time of theactionthatstartsthe stream.Sincethedurationof astreamis alreadyknown, the
problemis the determinatiorof the starttime of theaction. The startof theactiondepends
ontheactwvationof its actor The activation of the actordepend®n the satishctionof the
controller Theexpectedime whenthe controllerwill besatis eddepend®ntheexpected
time whenthe eventcompositionconditionof the controlleris satis ed. Algorithms8.3.1
and8.3.2 nd thetime of the receiptof aneventfor a recever andstarttime of actions,

respectrely.

Algorithm 8.3.1Time ndReceiptOfEwent(Receier R)

eventSource sourceof evente (of receverR eC)
if (eventSource=USERNndeventType=SART) then
startime O
else
nd theadion (startor display)for eventSourcegstream)
startime  computestarttime of action
if (eventtype=END)then
startime  startTime + durationof the stream
elseif (eventtype=REALIZATION) then
startime  startTime + realizationtime of the stream
endif
endif
returnstarttime
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Algorithm 8.3.2 ndStartTimeOfActions()

Il C;: expectedime of controllerC

Il &: expectedtime of actiona

for eachcontrollerC  eece A do
computeC
for eachactorAdor at inAdo

a G+t

endfor

endfor

The expectedtime for nding the satistction of a controlleris the expectedtime of the
satishctionof its eventexpression.Theexpectedime for the satishctionof aneventcom-
positionconditionis handledusingthecompositiortype. In our model,eventscanbecom-
posedusing&& and operatorsAssumehatev; andev, aretwo eventexpressionsvhere
time ev; andtime evo givetheexpectedimesof satisactionof ev; andev,, respectiely.
Then,the expectedime for compositeeventsis foundaccordingto the predictve logic for

WBT (will becomerue)in [12]:

timeevi && ev,;  maxmumtime evy time evs

timeevy en  minimumtime ev; time evp

where maxmum and minimumfunctionsreturn the maximumand minimum of the two
values,respectiely. The presentatiortimeline for recevers, controllers,and actorsfor
synchronizationmulesgivenin Fig. 8.3.3arelistedin Fig. 8.3.8. Ontop of the gure the

recevers,the controllersandthe actorsfor the presentatiorarelisted. The four timelines
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Figure8.3.8: The presentatiotimeline.

areshaowvn at the bottomside. Thereceversandcontrollersareorderedaccordingto their
expectedsatishctiontime. Only actorsthat have a sleepingtime greaterthanO are dis-
played. The nameof the actorshaws its activation (sleepingtime) and underlinedactor
shaws the endingof sleepingtime. The actionsarealsodisplayedin the sameway. The
nameof the containeror the streamshaows its startingtime andif it is underlinedit shovs
theendingtime. At atime instant,if a streamor a containerhasthe samestartingtime as

its containerthe maincontaineris shavn in the presentatiotimeline.
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8.4 Summary

TheRuleSyncsynchronizatiommodelis developedto supporthe NetMedia[108] systema
middlewvaredesignstratgy for streamingmultimediapresentations distributedernviron-
ments.The synchronizations handledoy synchronizatiomulesbasedn event-condition-
action(ECA) rules. Themiddle-tieris responsibléor extractionandpreprocessingf rules.

Thesynchronizationmulescanalsobe extractedfrom SMIL expressions.



Chapter 9

User Interactions

Speci cationasin SMIL usuallyconsidergorwardpresentationvithout consideringnter-
actionsthat changethe courseof the presentatiorik e backward andskip. Also, manage-
mentof the presentatiortonstraintdoecomedarderwhenthe courseof the presentation
changes.This chapteris organizedasfollows. The following sectionexplainshow basic
VCR userinteractionsareperformed.Section9.2 explain how skip interactiondgs handled.

Section9.3discussetion backwardinteractionis managed.

156
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9.1 BasicUser Interactions

The supportof VCR functionssuchasplay, pauseresume forward (fastor slow), back-
ward (fastor slow) andskip strengthenshe browsing and accesof multimediapresen-
tations. Event-basednodelscan handleplay, pause resume,speed-upand slow-down
operationsasierthantime-basednodels.Time-basednodelsneedto updatethe duration
and starttime of all the objectsthat participatein the presentatiorfor the pre-speci ed
operations.In event-basednodels,theseinteractionsonly needto inform active streams.
In our case,the time is connectedo actors. The speedof the presentations 1 in nom-
inal presentation. If the speedis greaterthan 1, it is a fast-forward operation. If the
speedis lessthan 1 but greaterthanO, it is a slow-forward operation. If the speedis
negative, it is a backward operation.Whenan actoris noti ed, it only needsto sleepfor
sleepingTime  speedfPresemation . Speedingip or slowing down only requireghe

updateof the speedf the presentation.

9.2 Skip Operation

A multimediapresentatiommasalifetime. Theuserinteractiondik e skip or changingdirec-
tion (backwardingwhenplayingforwardor vice versa)needto behandledcarefully When

skip-forwardis performed someeventsmaybe skippedthatmaycauseagnoranceof future
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streamghatdependnthereceiptof theseevents. The problemcanbe solvedby usingthe
timeline of the presentationln thetimeline object,the expectedime of thereceiptof each
eventandthe satishctionof eachcontrolleris known. Thereforejt is known whenevents
shouldhave beenreceved and whenthe controllersshouldhave beensatis ed by trac-
ing thetime-traclersof the timeline. It is not alwaysreasonabléo startthe actorswhose
controllersaresatis ed, sincetheir actionsmustalreadyhave nished (to avoid restartof
actions). So, only the actionsthat will be active at the skip point are startedfrom their
correspondingoints. Theactorswhosesleepingtime hasnot expired areallowedto sleep

for theremainingtime.

For example,if askipis requestedo themid (12 secondsdf thepresentatiothatis shavn
in Fig. 8.3.3,thetimelineis followedin Fig. 8.3.8.ReceversR2,R3,R4,R5,R6,R7,R8,
R9andR10areassumedo receve theirevents.ReceversR11,R12andR13areassumed
thatthey did not receve their events. ControllersC2, C3, C4, C5, C6, C7,C8, C9, and
Cl0areassumedo besatis ed. C11andC12areassumedo be not satis ed. A satis ed
controllercannotnotify its actors. It is assumedhatit alreadynoti ed its actors. At the
middle point, thereis no sleepingactor TheactorsAll andA12 areactivated.So,all the
actorsshouldbe setto their original time. MAIN containershouldbe actve sinceit has
elementdhatarestill active. V1, T1, V2 andAl shouldbeidle. PAR1 shouldbeidle too.
PAR2 shouldbe setto its InitPoint sothatit canstartthe streamghatit contains.V3 and

A2 mustalsobeidle.
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9.3 Backward Presentation

If the directionof the presentations modi ed, thenrecever conditions,controllers,and
actorsstill needto be updated.For example,if the directionis corvertedfrom forwardto
backward, the eventsthat have beenreceved areassumedo have not beenreceved and
the eventsthatwould have beenreceved later shouldbe setsothatthe earlieractions(in

nominalpresentationyanstartagain.

In our system,the event compositionand other conditionsfor the backward presentation
are automaticallyderived from the declarationof the rules of the forward presentation.
So, the authordoesnot have to considerthe backward presentatioror skipping,andthis
alleviatesthespeci cationof thepresentatiogubstantiallylt is desirableéhatthebackward
synchronizatiomulesarecompliantwith theforwardpresentationAuthorsusuallyspecify
therelationship@amongstreamgor somespeci ¢ reasonsWe call thesereasonss author
properties AssumeA andB arestreams(C is a container,andev, andev, areeventsin a

presentationThe authorpropertiescanbelistedasfollows:

Author Property 9.3.1 Dependencyif A participatesin starting B, B can be usedfor
badkwarding A. In this case there is a dependencypetweenrA and B. If streamsA and

B are notoverlapping dependencpropertyis used.

Author Property 9.3.2 Master-Slae If A in uencesB by starting or ending the author
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consideed A asa masterstreamover B. A shouldbe masterat this pointin the badkward

direction.If A andB are overlapping masterslavepropertyis used.

Author Property 9.3.3 Hierarchy If C startsits elementstheendof its elementsvill par-

ticipate in endingC in the badkward direction. A containerendswhenall elementsare

played.
action
| |
| |
eV €% action
| |
| |
€% e
time

Figure9.3.1:Co-occurrence.

Author Property 9.3.4 Co-occurrencdf (evy && evp) in uencesadion, their co-occurence
is effectivein theforward direction. Thatis, theactionwill take placeafter botheventsare
signaled(Fig. 9.3.1). Theactionshouldbeterminatedvhenoneof theeventsis signaledin
the backward direction(Fig. 9.3.1). Thiscorrespondgo self-occurencein the badkward

direction.
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action

eV1

action

time
Figure9.3.2:Self-occurrence.
Author Property 9.3.5 Self-occurrencdf (ev1 ev2) in uencesadion, their self-occurence
is effectivein theforward direction. Thatis, theactionwill take placeafteroneoftheevents
is signaled(Fig. 9.3.2). Theactionshouldbeterminatedwhenboth eventsare signaledin
the badkward direction (Fig. 9.3.2). This corresponddo co-occurencein the badkward

direction.

Author Property 9.3.6 RealizationA realization P correspondso therealizationevent
of P. P is an ascendinghumberfor a streamduring forward presentation.In a video, it
correspondgo whenframeP is displayed. If A realization P in uencesB in forward
direction, thenrealizationof P 1 is importantfor B in the backward direction. This

corresponddgo theendof playing P.

The following logic is usedfor the generatiorof the backward presentatiorbasedon the
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Figure9.3.3: Forward-backvardrelationshipsvithouttime.
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previousauthorproperties Therelationshipsaredepictedn Fig. 9.3.3.

EndPoint-Start Relationship. If the endof A participatesn startingB, whenB
reachests beginningin the backwardpresentationit will participatein startingA in

thebackwarddirection (Dependencyroperty)

EndPoint-End Relationship. If theendof A participatesn endingB, whenA starts
in the backward direction,it will participatein startingB in the backward direction

(MasterSlaveproperty)

InitP oint-End Relationship. If the startof A participatesn endingB, whenA ends
in the backward direction,it will participatein startingB in the backward direction

(MasterSlaveproperty)

InitP oint-Start Relationship. If thestartof A participatesn startingB, whenA ends
in the backward direction, it will participatein endingB in the backward direction
(MasterSlaveRule) If thestartof containelC startsits elements whenits elements
reachtheir beginningin the backward presentationthey will participatein endingC

in thebackwarddirection(Hierarchy property)

InitP oint and EndPoint Eventsin Composite Events. If anInitPoint eventor an
EndPointeventexistsin a compositeevent,they aretreatedndividually whetherthe

event compositionis an AND or OR composition. Therefore,one of the previous
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rulesareapplied.

Realization-Start Relationship. The realizationpointsare monotonicallyincreas-
ingwithin astream.f A realization P participatesn startingB, thenA realization P
1 will participatein endingB in the backward presentationAt rst sightit seems
that P shouldcausethe endof B which is not true. Considerthe presentatiorof an
imagealongwith slides. Eachslide hasa durationof 1 minute. Theimageis dis-
playedwhenthe secondslideis displayed.Onthetimeline,the displayof theimage
will be atthe beginningof the 2" minute. Theimagemustbe closedwhenthe rst
slideis displayedn thebackward presentatiomndmustbevisible duringthesecond

slide (Realizationproperty)

Realization-End Relationship. Assumethat the realizationpoint is P again. If
A realization P patrticipatesn endingB, thenA realization P 1 will participate

in startingB in the backward presentatiorfRealizationproperty).

RealizationEventsin CompositeEvents.LetA realization P; andB realization P,
berealizationeventsfor stream@ andB. If A realization P; && B realization P,
causesomeactionsn theforwardpresentationA realization P, 1 B realization P,
1 will causeactionsin the backward presentationBecausehe actionsbecomeac-
tive whenboth of the eventsarerealizedin theforwarddirection,theactionsshould

be active as soonas one of the eventsis realizedin the backward direction. In
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this way, the integrity andthe consisteng of the presentatiorcan be protected. If
A realization P, B realization P, causesomeactionsin theforward presen-
tation, A realization P; 1 && B realization P, 1 will causeactionsin the

backward presentation(Co-occurenceandself-occurenceproperties)

9.3.1 Managementof Time in Backward Presentation

Themanagemeraf time relationshipgor backward presentatiomayintroducesomeam-
biguities. Theseambiguitiescanbe solved by correctingthe speci cation or makingas-
sumptionson the speci cations. Figure 9.3.3 depictsthe relationshipghat include time.
EndPoint-StarandEndPoint-Endelationshipsanbe corvertedto backwardrelationships
asshowvn in Figure9.3.3. Backwarding InitPoint-Startand InitPoint-Endrelationshipgs
not easyto handle. We denotedtime with t for backward presentationf thereis ambi-
guity. In fact,t shouldbe equalto t. However, it is hardto satisfythis equalityin the
backwardpresentationSo,we will rst explaintheambiguityandthenproposea solution

usingrealizationevents.

Thereis ambiguityin usingtime in theliteratureandin synchronizatioomodels.Assumea
video streamhasdurationof 10 seconds.The questionis whetherexpressions7 seconds
afterthe beginning” and“3 seconddeforethe end” areequivalentor not. In a network,

the presentatiorof a video streammay have differentdurationsdueto delayandlosson
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Figure9.3.4: Forward-backvardrelationshipswith time.
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the network. It is even harderto gure out whenthe video will endif the datahasnot
arrived yet. In the speci cation, this may be considerecequvalent. The authorusually
usestime becausef its simplicity. In mostcasesthis kind of usagecorrespondso the
realizationevent. This shouldbe cleareitherby default by the speci cationor shouldbe
statedexplicitly. The expression7 secondsafterthe beginning” often means'7 seconds
afterthe beginning in nominaldisplay”. Thus,in this one,it is 70% of the video stream.
This clari cation shouldbe madefor the forward presentatiorso thatbackward rulescan
be corvertedusingrealizationevents. AssumevideosV 1 andV2 areplayedat 30 frames
persecond.If V2 hasto be playedl minuteafterV1 starts,this requirements corverted
to “V2 hasto be startedafterframe18000f V1 is played”. In the backward presentation,
V2 shouldbe terminatedvhenframe 17990f V1 is playedto make it consistentith the

forwardpresentation.

Therearetwo waysto handlethe EndPoint-Endelationshipwith time for backward pre-
sentation AssumestreamA andstreanB bothhave durationof 5 secondsit30frames/second
andt is 1 second StreamA canbebackwardedl secondafterstartingbackwardingstream

B. If they areoverlapping,a realizationevent canbe usedinsteadof time. In this case,
streamA canbe backwardedafterframe119 of streamB is displayedn the backward di-
rection. Framel120is displayedafter 1 seconddisplayof streamB in nominalbackward
presentation.A realizationevent is signaledat frame 119 insteadof frame 120 dueto

realizationeventproperty The samecaseappliesfor thelnitPoint-Endrelationship.
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Figure9.3.5: Ambiguity in relationshipswith time.

Theproblemis evenclearemwhenrealizationeventsareusedwith actionshaving time. We
believe thatif anactionhappensasedon a time instantreferringto a realizationpoint, it
doesnotmake muchsenseFor example videoV 2 shouldbestartedLO secondsifterframe
18000f V 1is played.In thebackwardpresentationthereferenceointto startcountingl0
seconddeforereachingframe17990f V2 is dif cult to estimate.Thein uencing stream
(V1) alreadyplays,andtherealizationpoint maybe movedto a new pointinsteadof using

time.

Time shouldbe usedif the referringstreamhasalreadyended. Thereis no otherchoice
in this case.EndPoint-Startelationshipis anexampleto this. EndPoint-Endelationship

may utilize realizationeventin the backwarddirection,sincethey areoverlapping.

If thereis acasdikein Figure9.3.5whereaneventstartsmary otherstreamswith different
startingtimes,the backwardingof A is notclearsinceB andC maynot nish backwarding
attheexpectedimes.We suggesthatstreamA maybebackwardedafterminimumtl t2

afterB andC nish backwarding.
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The synchronizatiorrequirementsieedto be speci ed more accurately If two streams
areoverlappingandtime-basedelationshipbetweerthemis speci ed, it hasto bedistin-
guishedfrom arealizationevent. For backward presentationit is favorableto userealiza-
tion eventsfor forward presentationf possibleinsteadof time. Whaterer synchronization
rulesaregeneratedor the backward presentationthe authormay have differentbackward

presentationThe authorshouldalwaysbeallowedto updatetherules.

9.3.2 Synchronization Rulesfor Backward Presentation

Eachforwardsynchronizatiomuleis processetb generatdackwardsynchronizatiomules.
The eventsin the eventexpressiomandthe actionsin the actionexpressiorareextractedto

determingherelationshipgivenin the previoussubsections.

In our system InitPoint and EndPointeventshave dual actionsin the backward presenta-
tion. The dualactionsfor InitPoint and EndPointis badkendandbadkward, respectrely.
In the backward direction, InitPoint and EndPointeventsare signaledwhenbadendand
badkward actionsare performed,respectrely. The actionsstart and end also have dual
events. The dual eventsfor start and end actionsare InitPoint and EndPoint, respec-
tively. Actionshave alsodualactions.Theactionsstartandendhave dualactionsbadend
andbadkward, respectirely. Conditionshave alsodual conditions. The condition(direc-

tion=BACKWARD) is thedualconditionfor (direction=FORVARD).
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We will give exampleson how backward synchronizatiorrulesin Figure 9.3.6 are gen-
eratedfrom forward synchronizatiorrulesin Figure 8.3.4. The synchronizatiorrule F1
declareswhat to do whenthe userstartsthe presentation. Therewill be a correspond-
ing rule for the backward presentation.This rule (B1) determinesvhat to do whenthe
user backwardsthe presentatiorfrom the end. For user(SART) eventin F1, thereis
user(BACKWARD) eventin B1. The actionis backward(MAIN) in B1 for start(MAIN)

actionin F1.

The synchronizationule F2 hasan InitPoint eventanda startaction. This corresponds$o
an InitPoint-Startrelationship.MAIN is the containerof PAR1 andbackwardrule will be
generatedisingthe hierarcly rule. The dual eventfor start actionis InitPoint. The event
expressiorwill bePAR1(InitPoint). Theactionexpressiorwill bebaclend(MAIN). All the
conditionexpressionsvill bedirection=BACKWARD. Thecorrespondindpackwardruleis
B2 for F2. The synchronizationule F4 alsocontainsa similar relationshipbut with time.
SinceV1 starts0.5 secondsfterthe beginningof SEQLin F4,thetime s includedin the

actionexpressiorof B4 asbaclend(SEQ1,0.5s).

F3 hastwo InitPoint-Startrelationships.Sincetherearetwo start actions(start(Al) and
start(SEQ1))therewill betwo eventsin the event expressionof the backwardrule. The
eventexpressionwill be SEQL InitPoint && Al InitPoint . The eventsarecomposedis-

ing AND compositionto ensurethat both actionscompletetheir executions. Wheneer
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dual eventsare generatedrom actionexpression theseeventsare composedising AND
composition.BecauseAND compositionis stricterthanOR composition AND composi-
tion is preferred.Thereis no authorrule aboutthe compositionof dual events. The action
expressionwill only have badkend(FAR1)dueto InitPointeventin F3. The corresponding
backwardrule is B3. F10containsan InitPoint-Startrelationshipwhich causesambiguity
in thebackwardrule generationA2 andV3 start2 secondsindl1 secondaterthanPAR2,
respectrely. Theminimumof 2 secondsandl seconds 1 second.Thereforetheactionin

B10will bebaclend(FAR2,15s).

F5 hasan InitPoint-Startrelationshipwith time. This relationshipis handledusing the
masterslave rule, sinceV1 is notthe containerof T1. Thetime will beassociateavith the
actionin thebackwardrule B6. This backwardrule is generatedisinga realizationevent.
SinceTlistheslavein F5,it will alsobetheslavein thebackwardrule. ThelnitPointevent
is corvertedto arealizationevent. The eventexpressiorbecomed/1(realization0.5s)and

theactionexpressiorbecomedaclend(T1).

F6 containanEndPoint-Stantelationshipwith time. Theeventexpressiorwill beV2(InitPoint)
andthe actionexpressionwill be backward(V1,2s)in backwardrule B6. F9 alsocontains
anEndPoint-Startelationshipasin F6 but withouttime. Therewill benotimein theaction

expressiorof B9.

F7 containsanEndPoint-Endelationship.Thedualeventfor actionend(SEQ1)s SEQ1(EndPoint)
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andthedualactionfor eventV2(EndPoint)s backward(V2). F8alsocontainsanEndPoint-
Endrelationshipandthe backwardrule B8 is generatedh the sameway. F8is relatedwith
the terminationof PAR1 andits elements.It has3 EndPoint-Endelationships.In nom-
inal presentationthe elementf PAR1 (Al, SEQ1,andT1) endat differenttimes. The
timeswhenPAR1 andits elementsendcanbe detectedrom the timeline (Figure 8.3.8).
Al endsat 3 secondsindPAR1 endsat 6 secondsAl will bebackwardedafter3 seconds
after beginning backwarding PAR1. F11 containstwo EndPoint-Endelationships.The
dual eventfor actionend(FAR2) is PAR2(EndPoint). The dual actionsfor V3(EndPoint)
andA2(EndPoint)arebackward(V3)andbackward(A2). However, in theforward presen-
tation V3 ends4 secondsarlier The differenceis addedto the actionpartastime. Thus
the actionswill be backward(V3,4s)and backward(A2). F12 is anotherexample of an

EndPoint-Endelationship.
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Figure9.3.6: Backward synchronizatiomules.

~

SNOILOVYHTLINIEFSN 6431LdVHO

€LT



CHAPTERY. USERINTERACTIONS 174

9.4 Summary

The backward rules are generatecautomaticallybasedon author propertiesandforward
presentation. In this chapter not only forward temporalrelationshipsare corvertedto
reversetemporalrelationshipsbut also the relationshipsbetweeneventsand actionsare

consideredor backward presentation.



Chapter 10

Model Checking of the Synchronization

Model

Themodelingandveri cation of e xible andinteractve multimediapresentationareim-
portantfor consistentpresentation®ver networks. There hasbeenqueryinglanguages
proposedwhetherthe speci cation of a multimedia presentatiorsatisfy inter-streamre-
lationships. Sincethesetools are basedon the intenal-basedrelationshipsthey cannot
guarantedhe veri cation in real-life presentations.Moreover, the userinteractionsthat
changethe courseof the presentatiorike backward and skip are not consideredn the
presentationlt is very crucial whetherthe modelsatis esthe requirement®f the multi-

mediaauthor Althoughtherehave beenconceptuaimodelsproposedisingPetri-Netsijt is

175
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very dif cult for anordinaryauthordesignPetri-Netsandverify the requirementslJsing
PROMELA/SPIN, it is possibleto verify thetemporalrelationshipbetweerstreamsising
our modelincludinguserinteractionghatchangethe courseof the presentationSincethe
model considerghe delay of data,the authoris assuredhat the requirementsare really

satis ed.

A multimediapresentatioris a presentatiomf multimediastreamsn a synchronizedash-
ion. Therehave beenmodelsproposedor the managemendf multimediapresentations.
Thesynchronizatiorspeci cationlanguagedike SMIL [88] have beenintroducedo prop-
erly specifythe synchronizatiomequirementsMultimediaquerylanguagesredeveloped
to checktherelationshipsie ned in the speci cation[42]. Thesetools checkthe correct-
nessof the speci cation. However, somesynchronizatiortools have somelimitationsand
donotsatisfyall therequirementsThepropertieghatarespeci edin thespeci cationmay
not be satis ed by the synchronizatiortool. Moreover, the speci cationdoesnot include
userinteractions.The previous query-basederi cation techniqguesannotverify whether

thesystemis really in a consistenstateaftera userinteraction.

Thereare alsoveri cation tools to checkthe integrity of multimediapresentation$66].
Theuserinteractionsarelimited andinteractiondik e backwardandskip areignored.This
kind of interactionss hardto model. The Petri-Netsarealsousedto verify the speci ca-

tion of multimediapresentationf73]. But Petri-NetmodelingrequiresmmensePetri-Net
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modelingfor eachinteractionpossible. Authors usually do not have much information

aboutPetri-Nets.

The mostcommonmethodsfor veri cation of nite-state concurrenisystemsare simula-
tion, testing,anddeductve reasoning.lt is not possibleto considerall the casesn simu-
lation andtesting. If thereis a severeproblem,it may even be costly to verify by testing
andsimulation.Deductve reasoningisuallyrequiresexpertsto verify andevensometimes
they may not be ableto verify. The majoradwantage®f modelcheckingarethatit is au-
tomaticandusuallyfast. The counterexamplesare producedoy the modelcheckingtools.
We believe thatmultimediamodelsshouldconsidemodelchecking rst beforeimplemen-
tation of thereal system.We usePROMELA [45] asthe speci cationlanguageand SPIN
[44] astheveri cation tool. Thesetoolsarepublicly availableandLinear TemporallLogic
(LTL) formulascanbeveri ed. Thecorversionof rulesto PROMELA is brie y explained

in [10].

PROMELA/SPINis apowerful tool for modelingandveri cation of softwaresystemg44].
SincePROMELA/SPIN tracesall possibleexecutionsamongparallelrunning processes,
it providesa way of managingdelayin the presentatiorof streams.In this chaptey we
discusghepropertieghatshouldbesatis edfor amultimediapresentationWe analyzethe
complity introducedby userinteractions.The interactionghatchangethe courseof the

presentatioik e backward andskip arealsoinvesticated. The experimentsareconducted
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for parallel,sequentialandsynchronizegresentations.

Model checkingconsistsof threephasesmodeling,speci cation,andveri cation. In our
system,the user the userinterface,streamscontainersyecevers, controllersand actors
have to be modeledrstly . In the modelingphase the modelshouldbe kept simpleand
avoid unnecessargetails. The unnecessargetailsincreasethe amountof computation
for veri cation. More importantlythey may causdalseresults.Therefore we make some
abstractionso ensurghecorrectnessf themodel. Themajorcomponentsf themodelare
events,conditions,actions,recevers,controllers,actors,the presentatiomandthe streams.

Theabstractions performedon the streamsandthe userinterface.

This chapteris organizedas follows. The modelingand speci cation are explainedin
Section10.1and10.2,respectrely. Section10.3reportsour experimentsandanalysison

modelchecking.Section10.4summarizeshe chapter

10.1 Modeling

10.1.1 Presentation

The presentatiorcanbe in the Idle, Initial, Play Forward, Backward, Paused,and End

stateqFig. 10.1.1(a)). The presentatiors initially in the Idle state.Whenthe userclicks
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START button,thepresentatiorntershe Playstate. The presentatioentershe Endstate,
whenthe presentatiorendsin the forward presentationThe presentatiorentersthe Initial
statewhenit reachests beginning in the backward presentation.The usermay quit the
presentatiorat ary state. Skip canbe performedin play, forward, backward, initial, and
endstates.If the skipis clickedin the Play, Forward, and Backward statesjt will return
to the samecurrentstateafter skip unlessskip to the Initial or End stateis not performed.
Therefore,if the stateis Play beforeskip, the statewill be after skip. If the presentation
stateis in the Endstateor in thelnitial state skipinteractionwill putinto thepreviousstate
beforereachingthesestateqFig. 10.1.1(b)). The presentatiorthangestatesasthe user

clicks onthebutton. The mostimportantstatevariableof the presentatioris the direction.

10.1.2 Containersand Streams

A containemay enterfour stateslt is in IdlePointstateinitially. Oncestartedacontainer
is at InitPoint statein which it startsthe containersandstreamghatit contains.After the
InitPoint state,a containerentersits RunPointstate.In RunPointstate,a containerknows
thatit hassomestreamshat are being played. Whenall the streamst containsreaches
to their endor whenthe containeris noti ed to end, it stopsexecutionof the streamsand
signalsits endandthenentersidle stateagain. In the backward presentationthe reverse

pathis followed(Fig. 10.1.2(a)).
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(@)

(b)

Figurel0.1.1: Thepresentatiostates(a) generakbtatetransitiongb) statetransitionsfor
skip.
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(@)

(b)

Figure10.1.2: (a)Containerstateqb) streamstates



CHAPTER10. MODEL CHECKING OF THE SYNCHRONIZATION MODEL 182

A streamis similar to the container Sincethe numberof stategyrows exponentially some
abstractionsiave to bemadeon modelinga stream.Sincewe areinterestedn inter-stream
relationshipsthe pointsthataffect the inter-streamrelationshipsareconsideredFromthe
modelingpoint of view, if the displayingor playing a speci ¢ sggmentof a streamdoes
not affect the playoutof the presentationthereis no needto handleeachsegmentof the
stream.The streamsonly affect the modelby the eventsthataretriggeredby the streams.
The(dis)playof astreamelementis in themodelif it triggersanevent. If avideostreamhas
100 frameswithout aneventfor a frame,displayinga frameat aninstantis notimportant
if it doesnottriggeranevent. Theslow displayof framescorrespondso adelayin playing

thestream.

If astreamdoesnotsignalary eventexceptits startandend,thestreamenterghesamefour
statesasacontainerIf astreamhasto signalanevent,anew stateis addedo RunPointstate
perevent. Soafterthestreansignalgts event,it is still in theRunPointstate(playingmode)
(Fig. 10.1.2(b)). Sincetherealizationfor backward presentatiorns alsoconsideredthere
is anotherevent (alsostate)for the backward presentationin this sensegachrealization
eventaddstwo states.Oneis usedfor forward presentatiorandthe otheris usedfor the

backwardpresentationThefollowing is a PROMELA codefor playingastream.

1 proctype playStream (byte stream)
2 #if (FC==3 || FC==4 || FC==5| FC==6)

3 progressldleStreams:
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12
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14
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16

17

18
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20

21

22

23

24

25

26

27

#endif
do
#if FCl=4
atomic  (eventHandled && getState() == RUN) &&
(getStream(stream) == InitPoint) ->
printf("Starting stream %d",stream);
setStream(stream, RunPoint);
if
(stream==A1)->timelndex=1;
else -> skip;
fi;
atomic  (eventHandled && getState() == RUN) &&
(getStream(stream) == RunPoint) ->
printf("Playing stream %d",stream);
setStream(stream, EndPoint);
atomic  (eventHandled && getState() == RUN) &&
(getStream(stream) == EndPoint) ->
to _.end:  printf("Ending stream  %d",stream);
setStream(ldlePoint);
signalEvent(stream,EndPoi nt)
#endif
#if (FCI=3 && FCI=5 && FC!=6)
atomic  (eventHandled && getState() == BACKWARD)&&

(getStream(stream) == InitPoint) ->

183
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29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

to _init: printf("Ending backwarding  stream %d",stream);

setStream(ldlePoint);

signalEvent(stream,InitPo in t);
atomic  (eventHandled && getState() == BACKWARD)&&
(getStream(stream) == RunPoint) ->
printf("Playing stream %d backward",stream);
setStream(stream, InitPoint);
atomic (eventHandled && getState() == BACKWARD)&&
(getStream(stream) == EndPoint) ->
to _backward: printf("Backwarding stream  %d",stream);

if
(stream==A1)->timelndex=1;
else -> skip;

fi;

signalEvent(stream,EndPoi nt);
setStream(stream,RunPoint );
#endif
atomic  (eventHandled && getState() == QUIT) ->
to _playStream _quit: goto playStream _quit;
else -> skip;
od;

playStream _quit: skip;

184
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The #if directvesare usedfor hard-codedairnessconstraints.Therearethreestatesfor
forwardandbackward presentationThe casesatlines7, 14 and15 correspondo forward
presentationThecasestlines26,31and35 correspondo thebackwardpresentationThe
caseatline 45is requiredto quit the process.The elsestatemenatline 49 correspondso
ldlePointstate.Streamssignaleventsasthey reachto the beginningandend(lines23 and
30). The variableeventHandleds usedto checkwhetherthe systementersa consistent
stateafter a userinteraction. The atomiccommandenablesexecutionof statementsn a
single stepthusreduceghe complity andincreasesafety The checkingandupdating
the streamstatehasto be performedin a single stepsincethe streamstatemay also be
updatedoy the systemafteranuserinteraction.Labelsliketo_init, to_end,playSteamquit
areaddedo createL TL formulasrelatedwith thesepointsof the presentationPROMELA

may proceedo ary stateseparateavith :: in ado loop.

10.1.3 Recevers, Controllers and Actors

A recever is setwhenit recevesits event. As long asthereis no userinteraction,a
receverwill stayatthisstatefor therestof the presentationThusacontrollerthatrequires
a receiptof this event can be satis ed later Whena controlleris satis ed, it activates
its actors. And to disablethe reactvation of the actors,the controlleris reset. An actor

is eitherin idle or running stateto startits action after sleeping. Onceit wakes up, it
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startsits actionandentersthe idle state. The following is a codefor recever de nition
(lines51-52), controllersatishction (lines 54-59) and actoractivation (lines 61-64). The
expressiorirecevedReceier(recever_ Main_INIT)” (line 52) corresponds$o thereceiptof
theeventwhenthemaincontainerstarts. TheexpressiorisetActorState(...,BN_POINT)”
activatestheactors(line 58-59). TheexpressiorfactivateActor(actotMain_START)” (line

63) elapseghetime andtheactionfollows (line 64).

51 #define  Controller _Main _START.Condition

52 (receivedReceiver(receiver _Main _INIT) && (direction==FORWARD))
53

54 atomic (eventHandled

55 && (satisfiedController(controller _Main _START))

56 && Controller  _Main _START.Condition) ->

57 setController(controller _Main _START);

58 setActorState(actor _A1_START,RUNPOINT);

59 setActorState(actor _A2_START,RUNPOINT)

60

61 atomic (eventHandled

62 && getActorState(actor _Main _START) == RUNPOINT) ->
63 activateActor(actor _Main _START);

64 setContainerState(Main,INIT _POINT);
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10.1.4 Userand User Interface

The userinterface provides seven buttons: START, PLAY, PAUSE, FORNARD, BACK-

WARD, SKIPR, andQUIT. Eachbuttonmayentertwo statesn themodel.A buttonis either
in enabledor disabledstate. As the presentatiorthangesstates the statesof the buttons
maychangeFig. 10.1.1shavsthepossiblestatetransitionswith enableduserinteractions.

Theuserinterfaceis basedn the modelpresentedt [22].

For example,if askipis requestedio themid (12 secondsf thepresentatiohatis shavn
in Fig. 8.3.2,thetimelineis followedin Fig. 8.3.8. ReceversR2, R3, R4, R5, R6, R7,
R8, R9, andR10 areassumedo receve their events. ReceversR11,R12,andR13 are
assumedhatthey did not receve their events. ControllersC2, C3, C4, C5, C6, C7, C8,
C9, andC10 areassumedo be satis ed. C11andC12 areassumedo be not satis ed.
A satis ed controller cannotnotify its controllers. It is assumedhat it alreadynoti ed
its actors. At the middle point, thereis no sleepingactor The actorsAll andAl12 are
activated.So,all theactorsshouldbe setto their original time. MAIN containershouldbe
setto runningpoint. V1, T1, V2, andAl shouldbeidle. PAR1 shouldbeidle too. PAR2
shouldbe setto its InitPoint so that it canstartthe streamghatit contains. V3 and A2

shouldalsobesetto theldlePoint.

Therearein nite numberof skipsthatcanbeperformedby theuser Thetimelineshovnin
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Fig. 8.3.8is dividedinto pieceswherethe streamgerformsimilar behaior in eachpiece.
Thereare21 piecesthataredeterminedy startingandendingactorsandactions.So, it is

only possibleto perform21 skips.

Onthe otherhand,the backward modi es the directionof the presentationThe synchro-
nizationmodelneedsto synchronizeafter changingdirectionsincestreamsamay proceed
at differentspeeds.To synchronizethetime at thatinstantshouldbe known. We de ne a
time index which is initially 0 andcanbe maximumthe numberof pieces.Somespeci ¢
streamsareallowedto increaseor decreasafterthetime index andthe currenttime index
canbe determinedlines 12,19). The necessaractors,actions,recevers,andcontrollers

aresetandresetafterchanginghedirection.

10.2 Speci®cation

Speci cation consistsof the propertiesthata modelshouldsatisfyoncethe modelenters
somespeci ¢ states.SPIN automaticallycheckswhetherthe elementdik e user streams,

andcontainergeachtheir possiblestatesIf not, thisis reportedoy thetool.

Therearetwo basicpropertieghatshouldbe checled: safetypropertiesandlivenessprop-
erties. Safetypropertiesassertthat the systemmay not enterundesiredstate. Liveness

propertieson the otherhandassurethat systemexecutesas expected. Livenessncludes
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the progressfairness,reachabilityand terminationof the system. Progressorresponds
whetherthe systemwill eventuallyentera state. Absenceof progresss consideredas
stanation. Fairnessdeterminesvhetheran actionis eventually executed. Reachability
addressesomespeci ¢ statesare reachablgrom anotherstate. Terminationis related
whetherthe programterminates.Linear TemporalLogic formulasare propertiesof paths
ratherthanpropertiesof states.ThereforeanLTL formulais interpretedwith respecto a
x edpath.Theoperators , andU correspondo globally, eventually anduntil, respec-

tively. We presenthefollowing propertiesabouta multimediapresentation.

FairnessConstraint 1 Theuseris only allowedto click START button and clicks START
button and no user Interaction is allowed after that. This constaint is expressedas:

useSart nolnteracion

FairnessConstraint 2 Theuseralwaysclicksenabledbutton. Thisis expresseds

uselClickButton buttonEnabled

If apropertyis statedasundesirablethe systemshouldnotallow it. We rst startwith the

propertiesabouttransitionsthatareallowed by buttons.

Property 1 Clickingbuttonfor STARTenablesuttonsfor PAUSE,FORWNARD,andBACK-

WARD, andit changesthe presentatiorstateto RUN. (requiresfairnessconstaint 2)
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Property 2 Clicking buttonfor PAUSEenablesuttonsfor PLAY, FORWARD,and BACK-
WARD and it changesthe presentatiors stateto PAUSED. (requires fairnessconstaint

2)

Property 3 Thebuttonsfor BACKWARDandSKIPare enabledandthebuttonsfor START,
PLAY, PAUSE,and FORWARD are disabledafter the presentatiorreadesits end. (re-

quiresfairnessconstaint 2)

Property 4 Theuserinterfaceshouldignore if theuserclicksa disabledbutton. (requires

fairnessconstaint 2)

Property 5 Thebuttonfor PAUSEIs enabledonly whenthe presentations in RUN, FOR-

WARD, or BACKWARD states.(requiresfairnessconstaint 2)

Property 6 Thebuttonfor SKIPis enabledwhenthe presentatioris in RUN, FORWARD,

BACKWARD,INITIAL, or END states.(requiresfairnessconstaint 2)

Property 7 The buttonsfor PLAY, FORWARD, and BACKWARD are enabledwhenthe

presentations in PAUSEDstate (requiresfairnessconstaint 2)

Property 8 Thebuttonfor STARTIis enabledonly whenthe presentatioris in IDLE state

(requiresfairnessconstraint 2)
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Property 9 Thebuttonfor PAUSEIs enabledoutsideRUN, FORWARD,andBACKWARD.

(undesiable requiresfairnessconstaint 2)

Property 10 Buttonsfor START, PAUSE,PLAY, FORNARD, and BACKWARD are in en-

abledconditionat anyparticular time (undesiable requiresfairnessconstaint 2)

Somere nementsareneededo convert the propertieso LTL formulas. In the following
formulas,actionButtonCligedcorrespondso successfutlicking Buttonwhenthebuttonis
enabledactionToStatecorrespond$o statetransitionto State ButtonEnableatorresponds
to Buttonis enabled.UserButtoncorrespondso clicking of Buttonby the user Someof
thespeci cationpatternsarepresentedh [29, 71]. Thesespeci cationpatterncanbeused

in theveri cation. For eachproperty thefollowing LTL formulasaregenerated.

LTL 1 acdionSartClicked adionToRun

LTL 2 adionPaus&€licked adionToPaused.

LTL 3  badkwardEnabled skipEnabled !sartEnabled !playEnabled !pausemabled

I forwardEnabled stateEnd

LTL 4 1. uselSart !sartEnabled ‘!evertHandledU uselnterfacelgnore
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2. usePause !pauselabled !evertHandedU uselnterfacelgnore
3. usePlay !playEnabled !evertHandedU uselnterfacelgnore
4, usef~orward !forwardEnabled 'everiHandedU uselnterfacelgnore

5. useBadkward !'badkwardEnabled !evertHandedU usednterfaceignore

6. useikip !skipEnabled 'everiHandedU useilnterfacelgnore

7. useiQuit !quitEnabled !evertHandedU useilnterfacelgnore

LTL 5 gatelnitial stateEnd satePaused dateldle !'pausemabled

LTL 6 sgateRun dateForward <ateBakward sateEnd sk pEnabled

LTL 7 dateRaused playEnabled forwardEnabled badwardEnabled

LTL 8 gateRun <ateEnd datePaused sateForward — sateBadkward

gatelnitial IsartEnabled

LTL 9 gatelnitial stateEnd  !pausemabled

LTL 10 dartEnabled pausetlabled playEnabled forwardEnabled badkwardEnabled
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A livenesgropertythatshouldbechecledwhetherthe presentatiomeacheso its endonce

it starts.

Property 11 Thepresentatiorwill eventuallyend.(requiresfairnessconstaints1 and?2)

LTL 11 gateRun sateEnd

Therearealsosomepropertieghatshouldbe satis ed for streams.If a streamis in Run-
Pointstate,the streamcannotbe startedby otherstreams.This is assumedo be a wrong
attempt.So,awarningshouldbe signaledo the author In the sameway, a streamcannot

beterminatedf it is alreadyidle. The propertiesareasfollows:

Property 12 A streamcanbestartedif it is alreadyactive (undesiable requiresfairness

constaints1 and?2)

Property 13 A streamcan be terminatedif it is alreadyidle. (undesiable requiresfair-

nessconstaints1 and?2)

ThelLTL formulasare:

LTL 12 sreamRunBint U streamhitPoint
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LTL 13 greamdlePoint U sreamBnhdPoint

It needgo beveri ed thata streamwill actuallybe playedor not. Onceit is ensuredhat
streamawill beplayed,furthercheckscanbe performedbasedon therelationshipsaamong

streamsBasednAllen'stemporarelationshipsthefollowing propertiesnaybechecled:

Property 14 StreamA is befole streamB. (requiresfairnessconstaints 1 and?2)

Property 15 StreamA startswith streamB. (requiresfairnessconstaints1 and2)

Property 16 StreamA endswith streamB. (requiresfairnessconstrints1 and?2)

Property 17 StreamA is equalto streamB. (requiresfairnessconstaints 1 and 2)

Property 18 StreamB is during streamA. (requiresfairnessconstrints1 and2)

Property 19 StreamB overlapsstreamA. (requiresfairnessconstaints1 and?2)

LetP dreamAlnitSate, Q dsreamAEndSate, R dsreamAldleSate, K sreamBlnitSate,

L <sreamBEndSate, M streamBldleSate. ThelLTL formulasareasfollows:

LTL14 QU R M UK
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LTL15 P K

LTL16 Q L

LTL 17 P K Q L
LTL 18 P K Q L
LTL19! Q K L Q

In [66], somepropertiehetweertwo consecutie userinteractionsasedntime areveri-
ed. In adistributedsystemtheseconstraintsannotbe satis ed dueto delayof data.For
example,pauseoperationfor a streammay be performedwithin t secondsfterthe startof
the presentatioowhere0 t d andd is the durationof the stream.In our model,user
cannotchangethe stateof a streamdirectly but he/shecanchangehe stateof the presen-
tation thuschangingthe stateof a streamindirectly. Sincetherearerelationshipsamong
streamsandcontainersthesecanstartandendeachother In our case time is associated
with actors.Sincethereis no delayin passingf time, theactorelapsests time right avay

onceit is actvated.

Since SPIN doesnot supporttime explicitly, time proceedsin the presentatioras the

streamgproceed.In otherwords,if noneof the streamscanbe played,it is assumedhat
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time doesnotproceed Thestreamsipdatehetime index asthey start,endandareactually
played.Thereare21 (from 0 to 20) time indicesfor Figure8.3.8. For example,streamV?2
startsat time index 10, which corresponds$o 9 seconds.A streamonly updateghe time
index, if thecurrentindex at thatinstantis lower thanits time index. Otherwise jt means
thatthereis a delayin the play of the stream. For example,we would like to checkV2
starts3 secondsfterV1 ends.Thetimeindex whenV1 endsandV?2 startsaret; andty. A
timearrayis keptto maptime indicesto realtimes. We needto check timet, timet;

whenV2 starts.Thisis addedastimeCondition in theformulas.

Property 20 StreamAist secondbefore streamB (requiresfairnessconstaints1 and?2).

Property 21 StreamB startst secondsfter streamA starts(requiresfairnessconstaints

1 and?2).

Property 22 StreamB endst secondsfter streamA ends(requiresfairnessconstaints 1

and2).

Thecorresponding. TL formulasareasfollows:

LTL20 QU R M U K timeCondition

LTL 21 P K timeCondition
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LTL 22 Q L timeCondition

Notethatdelaymayalwaysoccur Soit is meaningles$o checkthatA2 starts10 seconds
after A1 ends. However, it is moremeaningfulto checkthat A2 startsl secondafter V3

startssincethereis no delayin time.

Oneof the basicqueriesis whetherall streamsareplayedor not. If oneof the streamsds
not played,this may be consideredasan undesirabléehaior andthe authormay correct

it.

Property 23 StreamA is played.(requiresfairnessconstaints 1 and 2)

LTL23 P Q

For a multimediapresentationthe statesof streamghat are possibleto visit in the back-
ward presentatiorshouldalsobe reachablen the forward presentationWe call this prop-
erty asbadkward consistencyf a presentatiorandterm sucha presentatioras badkward
consistenpresentationlf we shawv the existenceof a statethatis notreachablen forward

presentationvhile it is reachablen backward presentationi is not backwardconsistent.

Therearea coupleof wayswriting the LTL formulato checkthe backward consisteng of

apresentationThemajorproblemis the statethatis reachablen the forward presentation



CHAPTER10. MODEL CHECKING OF THE SYNCHRONIZATION MODEL 198

may alsobe given (if exists)asa contradictoryexample.This complicateghe veri cation
sincewe alsoneedto distinguishthe stateshatarereachablen the forward presentation.
Anotherproblemis thatthe presentatiommay enterin aninconsistenstateafterbackward
operationand the desiredstatemay be reachabldan the forward presentatiorfrom that

inconsistenstate.So,the propertyis statedastwo fold.

Property 24 1. Thestateis not readablein forward presentationrequiresfairness

constaints1 and2)

2. It is possibleto readt the statein the badkward presentation. (requires fairness

constaint 2)

Noticethat rst partrequiresthe existencecheck.Thecorrespondindg. TL formulasareas

follows:

LTL 24 1.! date

2. date

If the rst partis right, thenthe secondpartis veri ed. The numberof statesthat need
to be checledis m" wherem is the numberof statesthat a streammay enterandn is
the numberof streams. Eventually we needto corvert the following propertyinto the

following one:
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Property 25 1. The stateis not reatable in forward presentation(undesiable re-

quiresfairnessconstaints1 and?2)

2. It is possibleto reat the stateafter userinteractions. (requiresfairnessconstaint

2)

ThepreviousLTL formula,in fact,correspondso this property Fig. 10.2.1shonvstheuser

interfacefor veri cation.

Model checkingis performedby generationof never claimsfrom LTL properties. The

systemis checled at eachstatewhetherthe undesiredstateoccursor not.

10.3 Experiments and Analysis

We have rstly developedacomplex modelto handlethe userinteractions.Sincethis user
interfaceincreaseshe numberof initial statessigni cantly, we removedthe userinterface
during veri cation. Only buttonschangetheir statesas part of the userinterface. The
forward (fast) interactionis not allowed to reducethe compleity of the modelsincewe
arenotinterestedn the speedf the presentationWe areratherinterestedn thedirection

change Thebackwardandplay interactionsareenoughto verify the model.

Differentkindsof presentationbave beenusedto checkthecorrectnessf thepresentation
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Figure10.2.1: Theuserinterfacefor veri cation.



CHAPTER10. MODEL CHECKING OF THE SYNCHRONIZATION MODEL 201

Presentation| # Streams| Depth | States| Transitions| Memory(Mbyte) | Time (in seconds)
single 1 67 177 306 15 0.03
sequential 2 99 432 865 15 0.04
sequential 3 143 | 1021 2321 1.6 0.08
sequential 4 209 | 2347 5868 2.0 0.25
parallel 2 101 | 488 1021 15 0.05
parallel 3 139 | 1699 4642 1.8 0.13
parallel 4 173 | 6678 26132 2.8 0.76
synchronized 2 73 185 334 15 0.03
synchronized 3 78 201 398 15 0.05
synchronized 4 83 233 542 15 0.04

Table10.3.1: Experimentsvithoutinteraction.

model. We consideredhe numberof streamsand their organization. The streamsare
presentedn a sequentiabrderor in parallel. If the streamsarepresentedn parallel,they

may alsobe presentedn a synchronizedashion.

Thefairnessconstraintsarehard-codedn the presentationFor eachinteraction thereis a
fairnessconstraintandtheseare hard-codedn the model(lines 2,6,25). FC==3,FC==4,
FC==5, FC==6 and FC==7 correspondo interactionswhereonly start, only backward,

pause-resumeakip, andbackward-playareallowed, respecitiely.

We rst investigatedthe compleity of the numberof streamsandthe organizationwhen
no interaction(exceptto startthe presentationjs allowed. Theresultsaregivenin Table

10.3.1.

Whena new streamis addedinto the sequentiapresentationthereare phasesvherethe

new streamstarts,plays, and ends. The endingof streamdoesnot add ary compleity
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sincethey will all beidle at the endof the presentation.Sinceeachstreamadds3 more
phasesthe numberof statess nearlytripled aftereachadditionof a streamin a sequential
presentationThe complity of numberof statess O m" wheren is the numberstreams
in thesequentiapresentatiomndm is onelessthanthenumberof stateghata streammay
enter(to excludeidle state). In our experimentsm s 3. Therunningtime andthe depth

alsoincreasan the sameway.

For a parallelpresentationtherearemorecombinationf playingstreamsIn the parallel
presentationghe streamanay beinterleaved. The numberof possibleinterlearings for n

streamghathave m statess

2n !
m! n

(10.3.1) I nm

This explainsthe steepincreasen runningtime, memory states transitions,and depth.
Neverthelessthe runningtime is still within a secondfor 4 streams.The veri cation can
beperformedor apresentatiomaving afair numberof parallelpresentationgOntheother
hand,a synchronizegarallelpresentatiors compleity is O n for depth,transitionsand

runningtime but O 2" for thestates.

To evaluatethe effect of userinteractionswe testeduserinteractionsseparately The ex-

perimentswith pause-resumateractionsare given in Table 10.3.2. The pause-resume
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Presentation| # Streams| Depth | States| Transitions| Memory (Mbyte) | Time (in seconds)
single 1 94 279 487 15 0.04
sequential 2 168 718 1435 1.6 0.06
sequential 3 304 | 1814 4060 1.8 0.12
sequential 4 559 | 4564 11341 2.5 0.36
parallel 2 178 | 829 1810 1.6 0.07
parallel 3 258 | 3519 11174 2.1 0.32
parallel 4 423 | 22913| 101443 6.1 2.76
synchronized 2 106 | 287 517 15 0.03
synchronized 3 111 | 303 591 15 0.04
synchronized 4 122 | 335 749 15 0.06

Table10.3.2: Experimentswvith Pause-Resume

interactionsincreasethe compleity in linear time. Therefore,the presentationfiaving

pauseandresumeinteractionsdo not addmore complity andthis is anexpectedresult.

But theseinteractiongncreasedheinitial numberof statesdepth,andcomplexity.

The experimentswith skip interactionaregivenin Table 10.3.3. The skip interactionin-

creaseghe time compleity morethan pause-resumdueto possiblenumberof skipsat

eachinteraction.Thetime compleity of synchronizegbresentations O 2" . Ontheother

hand thecompleity of statedor parallelpresentationmcreasedrom O 4" to 10" . The

compleity of statedfor sequentiapresentationsicreasedrom O 3" to O 4" .

The experimentswith backward interactionare givenin Table 10.3.4. The play interac-

tion is allowed alongwith the backwardinteraction.Thetime compleity of synchronized

presentationss O 2" . On the otherhand,the compleity of statesfor parallel presenta-

tionsincreasedrom O 4" to 10" . Thecomplity of statesfor sequentiapresentations
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Presentation| # Streams| Depth| States | Transitions| Memory | Time
sequential 1 156 | 4476 7219 2.0 0:00.17
sequential 2 380 | 20622 34946 4.8 0:00.81
sequential 3 1085 | 102309 179545 21.7 | 0:04.80
sequential 4 2436 | 438514 784559 100 0:24.01
parallel 2 347 | 26914 44746 5.6 0:00.98
parallel 3 677 | 233890, 402438 43.8 | 0:09.96
parallel 4 1356 | 2.34K 4.15K 473 | 2:00.59
synchronized 2 166 | 5020 8179 2.2 0:00.20
synchronized 3 176 6108 10171 2.5 0:00.27
synchronized 4 186 8284 14299 3.0 0:00.38

Table10.3.3: Experimentswith Skip

Presentation| # Streams| Depth | States | Transitions| Memory | Time
sequential 1 216 8358 14898 2.6 0:00.31
sequential 2 561 | 34201 62691 7.1 0:01.45
sequential 3 1437 | 140408| 260996 29 0:07.11
sequential 4 3157 | 596432 1.12K 136 | 0:34.40
parallel 2 359 | 55780 | 101419 10 0:02.24
parallel 3 948 | 528264| 978800 97 0:24.63
parallel 4 2031

synchronized 2 228 9548 17254 2.9 0:00.39

synchronized 3 239 | 11912 22098 3.5 0:00.55

synchronized 4 250 | 16640 32154 4.7 0:00.81

Table10.3.4: Experimentswith Backward

increasedrom O 3" to O 4" . Theseresultsshav that the compleity of backward is
similarto theskip. Sincethedirectionof the presentatiomaychangean thebackwardpre-
sentationthe numberof initial statesdoubledandthis causedserereexponentialincrease
in the runningtime. To realizethe effectsof interactions experimentswhereall interac-
tionsareallowedareconducted.The complity of sequentialparallel,andsynchronized

presentations similar to the backward andthe skip.
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Presentation| # Streams| Depth | States | Transitions| Memory | Time
sequential 1 745 | 24586 46364 4.8 0:00.92
sequential 2 1954 | 103197| 200756 18,5 |0:04.71
sequential 3 5717 | 424039| 846276 85 0:23.13
sequential 4 18676| 2.21K 450K 500 2:27.68
parallel 2 1509 | 184092 351747 31 0:07.87
parallel 3 3571 | 1.75K 3.42K 318 | 1:30.09
synchronized 2 823 | 30299 57461 6.1 0:01.30
synchronized 3 869 | 38179 74420 8.3 0:01.86
synchronized 4 871 | 53939 | 109319 12 0:02.75

Table10.3.5: Experimentswith all interactionsallowed

To realizethe effects of interactions,experimentswhereall interactionsare allowed are
conductedThe compleity of sequentialparallel,andsynchronizegresentations simi-

lar to thebackwardandthe skip (Table10.3.5).

Theeffectsof interactionson typesof presentationaredepictedn Figure10.3.1.

10.3.1 Improving the Speci®cationof Multimedia Presentations

Differentauthorsmay provide differentspeci cationfor the samepresentatioriin nominal
presentation)Sincetheremaybeproblemsn the network, thesatishctionof synchroniza-
tion requirementsn realtime is animportantissue. Theauthoris usuallyconsideredsthe
expertfor thebestspeci cation. For example theauthorrequireghatstreanB shouldstart
after streamA. During the veri cation phasethe authorrealizesthat streamB may start

beforeendof A dueto delayin the presentatiorf streamA. This caseis presentedby the
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(@)

(b)

(€)

Figurel0.3.1: Elapsedimefor veri cation of propertieon(a)parallel,(b) synchronized,
and(c) sequentiapresentations.
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tool. Theauthorrealizesthatthereshouldbe a dependengbetweenstreamA andstream
B. If thesystenmdoesnot provide suchinformation,theauthorwill beunavareof thelossof
synchronizationThis informationis not visible in the speci cationsincethe speci cation
usually considersa perfectpresentationIf in the speci cationtheir correspondingimes
areequvalent, it is assumedhat the systemwill presentat the correspondindgimesthat
may notbetrue. This modelcheckingenforcegheveri cation atthemodelandthe author

canbeassuredhatthe presentationvill be presenteaorrectly

Theseveri cation resultsgive an upperboundon the veri cation of properties. These
resultsconsidethenon-progressyclesandotherpossibleerrors.Veri cation of properties
takeslesssinceonly aspeci ¢ conditionis checledin themodel. For thepresentatiogiven

in Fig. 8.3.2,theveri cation for Allen's temporalpropertietakeslessthan3 seconds.

10.3.2 Evaluation

The previous work on checkingthe integrity of multimediapresentationslealswith pre-
sentationghat are presentedn nominal conditions(i.e., no delay). SPIN veri er takes
into accounteachpossiblestatethatthe processeandelementof a presentatioomay en-
ter. Sincethe processesnay iterateat different statesaslong asthey are enabled,this
introducegrocesseproceedingt differentspeedsFromthe perspectie of amultimedia

presentatiornthis maycorrespondo delayof datain thenetwork. TheSPINveri er checks
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the propertiesof a presentatioralsoat the worstcase. The unexpectedfalsepresentations

arereportedoy contradictoryexamples.

SPINenablesreri cation of LTL formulas.LTL formulasrequiretracingall the execution
paths.For example,it may be possiblethattwo streamsnay startat the sametime. What
we arereally interesteds whetherthesetwo streamswill eventuallystartatthe sametime

in all occasionsThe never-claimsexpressionprovide the contradictoryexamples.

The detectionof non-progressycleswhenall the userinteractionsare allowed yields a
generalstatusof the presentatiormodel. In reality; it is not possibleto performall the
interactionsat all possibleoccasions.During the initial modelingphasesf our model,
SPIN veri er detecteda casethat naturallyis lesslikely to occur In this case,the user
startsthe presentatiomndthenclicks the BACKWARD buttonjust beforethe presentation

proceedsThis leadsto anunexpectedstatewherethe presentationtersanin nite loop.

After the userstartsa presentatiorand just beforethe presentatiorproceedsf the user
attemptgo backwardthe presentationthe presentatiothenentersanunexpectedstateand

staysin this stateforever.
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10.4 Summary

The synchronizatiormodelis incorporatednto the NetMedia[108] systema middlevare
designstratgy for streamingmultimediapresentation distributed ervironments. It is

necessaryvhetherthe systemwill presenia consistenpresentatiorafterthe userinterac-
tions. In this chapter we have shaved a way of verifying multimediapresentationghat
alsoincludebackwardandskip. Firstly, thesynchronizatioomodelis developedto respond
thesefunctionalities.Thentheuserinteractionsareallowedandthespeci cationis veri ed.

SPIN's tracingof all possiblestatesprovidesa way of modelingof delayfor multimedia

presentations.

This techniqueis betterthantestingand simulationsinceall the statesthata modelmay
enteris considered.The systemmay be veri ed whetherit conformsto the speci cation.
If apropertyis not satis ed, a counterexampleis provided by the SPINtool. Therehave
beenmethodgproposedor temporalqueryingof presentationsBut it is nottestedwvhether
the model really satis es the authorspeci cation. The PROMELA code also supports
delayedpresentationThusit is possiblewhetherthe systemsatis esthe speci cation. In

thechapterwe alsoconsideredgatistctionof Allen's temporalrelationships.



Chapter 11

Conclusionand Futur e Work

In this dissertationyve have proposedsolutionsfor effective spatio-temporabrowsing of
multimediapresentationdn the rst partof thedissertationmethoddor generatingprites
in compressedomainandincreasingesolutionof spritesarecovered.In the secondhalf,
theincorporationof modelcheckingfor multimediapresentationbave beenexplainedfor
arobustand e xible synchronizatioomodelthatcanhandleuserinteractionghatcanalso
changehe courseof a presentationAs aresultof thesemethodswe have developedtwo
systemsMdeoCruise(a spatialbrowser)andRuleSynga robustand e xible synchroniza-

tion model). Thesetwo systemsareintegratedinto NetMediasystem[108].

210
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11.1 Conclusion

In this dissertationwe have startedwith methodsthat are necessaryor effective spatial
browsing. We have realizedthat mostof the previous video is in compressedorm us-
ing DCT blocks. We have proposedmethodsto generateeffective featuresto be used
in compressedlomainfor stationarybackgroundgeneratiorand video objectsegmenta-
tion. By only usingDC coefcients of DCT blocks,we areableto generatehe stationary
backgroundn compressedomain. We alsohave extractedboundaryfeaturesrom DCT

compressedblocks. We have shavedthat DC coefcient, smoothnesshoundaryvisibil-

ity, boundarytype, and darknessare good featuresto determinesigni cant blocks. The

boundaryfeaturesareusedto eliminatetheinsigni cant blocksfor videoprocessing.

Spriteis consideredas a big picture of the ervironment. Sinceone goal is video com-
pressionto decreasehe bandwidth,static sprite hasto be generatedrom the sequence
of framesin a video shot. The static sprite generatiorrequiresmotion detection,image
alignment,andresidualestimation. Multiresolution sprite generations signi cant if the
camerahaszoomedspeci ¢ regionsof the ervironment. We have presented methodfor
highresolutionspritegeneratiorfrom video. Motion estimations performedietweereach
consecutre framenotto missvisible areasn thesequencéor spritegenerationTemporal

integrationandwarpingintroducesblurring in spritegeneration.The problemcausedy
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temporalintegrationis reduceddy histemporallter . Theblurring causedy warpingis re-
ducedby increasingheresolution(detail) of the spriteandwarpingatintenals. Although
high resolutionsprite warpingincrease®lapsedime, this is compensatetly warping at

intervals. We introducedconservativespriteto reducethe blurring in the sprite.

We have alsopresentethespritepyramidfor videosandimageshaving nite-depthscenes.
In applicationdik e distancedearning,zoom-inand zoom-outare commoncameraopera-
tions. The original spriteis only appropriatefor applicationshaving no zooming. Tra-
ditional mosaicingtechniquesusuallyignore thesebasicoperationsand causeblurred or
very large mosaics.This problemis resohed by mappingthe frameson a pyramidwhere
layersshaw differentresolution. More importantly this sprite pyramid modelallows the

regeneratiorof thevideoframesandobjectsat the resolutionthey werecaptured.

Dependingon the improvementsand methodsthat are speci ed in the previous chapters,
we have developeda spatialbrowvsersystem VideoCruise The VideoCruiserequireshigh
quality spritegeneration High quality spritegeneratiorcanonly be achiezed by accurate
global motion estimator Our experimentsshowv thataveragePSNRis not alwaysa good
indicator of quality by itself. PSNRdoesnot considerblurring in the sprite. Sharpness
measureas an indicator of blurring in the sprite. We obtaineddifferent sharpnessnea-
suresfor the sameaveragePSNR.We demonstrate@xamplesfrom standardVIPEG test

sequencesOncethe motion vectorsand the sprite are generatedVideoCruiseprovides
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interactive spatialbrowsing. VideoCruiseprovides panning,tilting andzoominginterac-
tions. VideoCruiseallows the useto gain and releasethe cameracontrol at ary frame
display Whenthe cameracontrolis gained,all framesaremappedaccordingto the frame

which cameracontrolis gained.In additionto browsing, it enablesamerastabilization.

After discussinghe contentsof a spatialbrowser we have introduceda robustand e xi-
ble synchronizatiormodel,RuleSync The RuleSyncsynchronizatiormodelis developed
to supportthe NetMedia[108] systema middlevaredesignstratey for streamingmulti-
mediapresentationgn distributed environments. The synchronizations handledby syn-
chronizationrulesbasedon event-condition-actiofECA) rules. The backward rulesare
generatecautomaticallybasedon author propertiesand forward presentation.Not only
forwardtemporalrelationshipsareconvertedto reversetemporalrelationshipgut alsothe

relationshipsbetweereventsandactionsareconsideredor backward presentation.

Themodelcheckingtechniques usedfor veri cation of themodel. This techniquds bet-
ter thantestingand simulationsinceall the statesthat a modelmay enteris considered.
The systemmay be veri ed whetherit conformsto the speci cation. If a propertyis not
satis ed, a counterexampleis provided by the SPINtool. Therehave beenmethodspro-
posedfor temporalqueryingof presentationsBut it is nottestedwhetherthe modelreally
satis estheauthorspeci cation. We have alsoconsideredatistctionof Allen's temporal

relationships.During the real time presentatiothoseconstraintghat are checled at the
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speci cationlevel may not be satis edin arealtime ervironment. The speci cationmay
in factleadto falsepresentationdueto delayandthe synchronizatioomodel. This model
enableghe authorto checkwhetherthe systenreally satis estherequirementsn thereal
life. Hence theauthormaybetterspecifythe presentatiomsingthis modelcheckingsince

extra-ordinaryconditionsareconsidered.

11.2 FutureWork

Although we have achieved satistctory resultsfor spatio-temporabrowsing, thereare
improvementsthat are necessaryor further applicationsbothin the spatialandtemporal

domain.In the spatialdomain,below is alist of improvementghatwill be helpful.

We have proposeda methodto improve the resultsto generatdhe stationaryback-
groundusing motion vectors. The motion vectorsneedto be extractedfrom the
compressediataand motion vectorsdependon the performanceof the MPEG en-
coder Insteadof extractingmotionvectors existenceof motionatamacroblockcan

beutilized andevaluatedwithin a groupof pictures(GOP).

If thereis atemporalexturelike wavy sea, re andoceann thescenethegenerated
spritewill only shav aninstanceof the generalpicture. It is hardto usethe sprite

repeatedlyThetemporaltexturein the spritecanbe modeledyielding a morerobust
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sprite. The objectsegmentatiorcanincreaseontent-basetiinctionalitiesfor further

research.

The boundarytypesthat are coveredare vertical, horizontal,and diagonal. Other
typesof boundariedik e curved boundariecanalsobe detectedusingotherAC co-
ef cients but this is left asa further research.In thosecasesthe boundarytypeis

representedvith theindex of the highestAC coefcient.

If sprite pyramid representatiofis includedin MPEG-4,it allows the regeneration
of video objectsat higherresolutions. Therearetwo waysto incorporatethis into
MPEG-4: to considereachlayer of the sprite pyramid as a separatesprite or to
introducesprite pyramid into MPEG-4. We will work on ef cient incorporationof
spritepyramidinto MPEG-4. In addition,moreexperimentswill be conductedrom

otherimageandvideoresourcedike nevs andmovies.

Oneof the applicationsof VideoCruises distanceeducationapplication. The stu-
dentswill beableto follow thelectureasif they arein theclassroomThestudentan
follow the instructorandthe board. An index will be createdfor importantobjects
in the erwvironment. The usercanfollow the desiredobjectsby just clicking on the

indexedobjects.
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The featuresof the VideoCruisewill be enlagedto improve video editing. Some-
times,the cameras unstableasin 'foreman’ sequencandthis candistractthe au-
dience.The cameracanbe stabilizedby just clicking the cameragain control. The
userwill be ableto sare the documentas he/shebrowsesit or stabilizethe cam-

era.In sportsgames sometimeshe cameramagcannotrackthefastmoving objects

properly

We have developedarobustand e xible synchronizatiomodelandveri ed thecorrectness
of the propertiesusingmodelchecking. Especially featuresprovided by modelchecking

canbeimproved.

Therearealsolimitationsthatare put forward by the modelchecking.For example,
it is not possibleto checkthe meetrelationshipusing SPIN. Thereis morethanone
statebetweenendinga streamand startinga new stream. This is alsotrue in real

applications.

The systemshouldprovide a bettersynchronizatiorspeci cationto satisfythe vio-

latedconstraints.

The PROMELA languagedoesnot provide time in the modeling. Thusit is not
possibleto incorporatetime directly in the model. RT-SPIN enablesthe declara-

tion of time constraintandchecksacceptanceycles,non-progressyclesandsome
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livenesgproperties.The rst problemis someguardsmaybeskippeddueto lazy be-
havior of RT-SPIN.In our casemostof thetime constraintsareequalityconstraints.
Also theinteractiondik e pauseresumeskip, andbackwardrequiretheguardcondi-
tion to be updatedaftertheseinteractionsavenwhenwaiting for the guardcondition
to be satis ed. Othermodelcheckingtools needto be usedandevaluatedfor multi-

mediasynchronization.
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