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Abstract

Emerging applicationslike asynchronousdistant learningand collaborative engineering

requireorganizationof mediastreamsasmultimediapresentations.Thebrowsingof pre-

sentationsenablesinteractive sur�ng of the multimediadocuments.We proposespatio-

temporalbrowsingof multimediapresentationsin thesensethatbrowsingcanbeperformed

bothin thespatialandtemporaldomain.

Thespatialbrowsingis providedby incorporationof cameracontrolslike panning,tilting,

andzooming. Panoramicimagesenablea kind of browsing by storingthe imageat high

resolutionsfrom variousangles.However, thegenerationof highresolutionsprite(mosaic)

from digital videois not aneasytask.Sincethevideodatamayalsoexist in a compressed

format,new featureslike boundarieshave to beextractedfrom thecompressedvideo. We

considercompresseddatathat is generatedby DiscreteCosineTransform(DCT), which

hasbeenusedin MPEG-1,MPEG-2,MPEG-4,andH263.1. Global Motion Estimation

(GME) hasbeenimproved for videoswheremotion doesnot occur frequently. Motion
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sensors,whicharesensitivepixelsto motion,areproposedto indicatetheexistenceof mo-

tion andyield quick approximationto the motion. Motion sensorsreducethe amountof

computationsof thehierarchicalevaluationof low-pass�ltered imagesin iterative descent

methods.The generatedspritesareusuallymoreblurredthanoriginal framesdueto im-

agewarpingstageanderrorsin motionestimation.Thetemporalintegrationof imagesis

performedusingthe histemporal �lter basedon the histogramof valueswithin an inter-

val. Theinitial framein thevideosequenceis registeredat a higherresolutionto generate

high resolutionsprite. Insteadof warpingof eachframe,the framesarewarpedinto the

spriteat intervalsto reducetheblurring in thesprite.Wealsointroduceanew spritecalled

conservativespritewherenew pixelsareexclusively mappedonthespriteduringtemporal

integrationphase.Thespritepyramidis introducedto handlespriteatdifferentresolutions.

To measurethequalityof thesprite,anew measurecalledsharpnessis usedto estimatethe

blurring in thesprite.Thegeneratedspriteis usedfor spatialbrowsing.

On theotherhand,temporalbrowsingis closelyrelatedwith thesynchronizationof differ-

entstreams.Thepower of synchronizationmodelsis limited to thesynchronizationspec-

i�cations and userinteractions. The proposedsynchronizationmodel is an event-based

modelthat canhandletime-basedactionswhile enablinguserinteractionslike backward

andskip. Thesynchronizationmodelprocessesthesynchronizationrulesbasedon Event-

Condition-Action(ECA) rules. Sincethe structureof a synchronizationrule is simple,

the manipulationof the rules can be performedeasily in existenceof userinteractions.
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ThesynchronizationmodelusesReceiver-Controller-Actor (RCA) schemeto executethe

rules. In RCA scheme,receivers,controllers,andactorsareobjectsto receive events,to

checkconditions,andto executeactions,respectively. Thesynchronizationrulescaneasily

be regeneratedfrom SMIL expressions.The deductionof synchronizationrulesis based

on author's speci�cation. A middle layer betweenthe speci�cationandthe synchroniza-

tion modelassiststhe synchronizationmodel to provide userinteractionswhile keeping

the synchronizationspeci�cationminimal. We call this middle layer asmiddle-tier. The

middle-tierfor multimediasynchronizationhandlessynchronizationrulesthat canbe ex-

tractedexplicitly from theuserspeci�cationandsynchronizationrulesthatcanbededuced

implicitly from explicit synchronizationrules.Thesynchronizationmodelalsogeneratesa

virtual timelineto managetheuserinteractionsthatchangethecourseof thepresentation.

Theveri�cation andcorrectnessof schedulesarealsoimportant. Thegeneralmethodsto

checkthecorrectnessof aspeci�cationaretheoreticalveri�cation, simulation,andtesting.

Model checkingis a techniquethat automaticallydetectsall the statesthat a modelcan

enterandchecksthe truthnessof well-formedformulas. Moreover modelcheckingcan

presentcontradictoryexamplesif theformulasarenotsatis�ed.PROMELA/SPIN[45, 44]

tool hasbeenusedfor modelcheckingto checkLTL (Linear TemporalLogic) formulas.

Theseformulascanautomaticallybegeneratedandveri�ed.

vii



List of Figures

3.1.1Macroblocksof MPEGframes.. . . . . . . . . . . . . . . . . . . . . . . . 37

3.2.12D DCT basisimagesandtheir zigzagnumbering. . . . . . . . . . . . . . 39

3.2.2Blocksthatcontainedges. . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.2.3Boundariesin a block. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

3.3.1Estimationof DC coef�cient of thereferencemacroblock. . . . . . . . . . 49

3.4.1VideoSequencesandBackgroundGeneration.. . . . . . . . . . . . . . . . 52

3.4.2Experiments.(a) frame43 (b) backgroundimage(c) decompressed(sig-

ni�cant) blocksfor edgedetection(d) thresholdedframe(e)videoobject. . 54

3.4.3EdgeLinking. (a) closeedgelinking, (b) distantedgelinking. . . . . . . . 56

viii



4.2.1Intersectinglines. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.2.2Squareandcircularmasks. . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.2.3Mobile & Calendarexamplefor motionsensorsa)originalframeb) motion

sensorsin the framefrom circular maskc) applicationof squaremaskd)

applicationof circularmask. . . . . . . . . . . . . . . . . . . . . . . . . . 66

4.3.1GlobalMotion EstimationAlgorithm. . . . . . . . . . . . . . . . . . . . . 70

4.4.1GlobalMotion Estimation. . . . . . . . . . . . . . . . . . . . . . . . . . . 72

5.1.1Histemporal�lter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

5.1.2Blurredspritegeneratedfrom frames260to 280of 'stefan'. . . . . . . . . . 81

5.1.3Conservativespritegeneratedfrom frames260to 280of 'stefan'. . . . . . . 82

5.1.4High resolutionsprite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

5.2.1Imagealignmentfor differentresolutions:(a) �rst image(b) new image(c)

mosaic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

5.2.2Regeneration.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

ix



5.2.3Thespritepyramid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

5.3.1OrdinarySprite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

5.3.2High resolutionspritefrom coastguard. . . . . . . . . . . . . . . . . . . . 89

5.3.3Spritegeneratedfrom 'foreman'. . . . . . . . . . . . . . . . . . . . . . . . 90

5.3.4PSNRfor foremansequence.. . . . . . . . . . . . . . . . . . . . . . . . . 91

5.3.5Zoomoperationsin a lecture(a) frame32400(beforezoom-in)(b) frame

32550(afterzoom-in)(c) frame32900(afterzoom-out). . . . . . . . . . . 92

5.3.6Af�ne motionparametera2 from avideoclip of adistanceeducationvideo. 94

5.3.7Comparisonof PSNRvaluesfor ordinaryspritegenerationandfrom sprite

pyramid. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

6.1.1Componentsof VideoCruise.. . . . . . . . . . . . . . . . . . . . . . . . . 100

6.2.1Userinterfacefor spatialbrowsing. . . . . . . . . . . . . . . . . . . . . . . 102

6.3.1Spritesfor 'stefan' (a) histogramsize=1anddetail=1(b) histogramsize=2

anddetail=4(c) conservative sprite. . . . . . . . . . . . . . . . . . . . . . 109

x



6.3.2PSNRfor stefanfor detail=1(a)histogramsize=1(b) histogramsize=2(c)

histogramsize=4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

6.3.3PSNRfor stefan detail=2 (a) histogramsize=1(b) histogramsize=2(c)

histogramsize=4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

6.3.4PSNRfor stefanusingconservative sprite. . . . . . . . . . . . . . . . . . . 113

6.3.5Spritefor 'foreman' videofrom frames190to 300. . . . . . . . . . . . . . 114

6.3.6PSNRfor foremansequencefrom frame190to 300(a)detail=1histogram

size=1(b) detail=1histogramsize=16(c) detail=2histogramsize=1(d)

detail=2histogramsize=16.. . . . . . . . . . . . . . . . . . . . . . . . . . 115

6.3.7Sharpnessfor stefan sequencewith detail=1(a) histogramsize=1(b) his-

togramsize=2(c) histogramsize=4(d) conservative sprite. . . . . . . . . . 117

6.3.8Sharpnessfor stefan sequencewith detail=2(a) histogramsize=1(b) his-

togramsize=2(c) histogramsize=4. . . . . . . . . . . . . . . . . . . . . . 118

6.3.9Positionof objectin x axis . . . . . . . . . . . . . . . . . . . . . . . . . . 120

8.2.1Theeventhierarchy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137

xi



8.3.1Theroleof middle-tier. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

8.3.2Samplepresentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

8.3.3TheSMIL expression. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

8.3.4Forwardsynchronizationrules. . . . . . . . . . . . . . . . . . . . . . . . . 145

8.3.5Theeventactionrelationshipsfor PAR1. . . . . . . . . . . . . . . . . . . . 146

8.3.6Thelayersof thesynchronizationmodel.. . . . . . . . . . . . . . . . . . . 148

8.3.7(a)A receiver object,(b) acontrollerobject,and(c) anactorobjectobject. . 150

8.3.8Thepresentationtimeline. . . . . . . . . . . . . . . . . . . . . . . . . . . 154

9.3.1Co-occurrence. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160

9.3.2Self-occurrence.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161

9.3.3Forward-backwardrelationshipswithout time. . . . . . . . . . . . . . . . . 162

9.3.4Forward-backwardrelationshipswith time. . . . . . . . . . . . . . . . . . 166

9.3.5Ambiguity in relationshipswith time. . . . . . . . . . . . . . . . . . . . . 168

xii



9.3.6Backwardsynchronizationrules. . . . . . . . . . . . . . . . . . . . . . . . 173

10.1.1 The presentationstates,(a) generalstatetransitions(b) statetransitions

for skip. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180

10.1.2(a)Containerstates(b) streamstates . . . . . . . . . . . . . . . . . . . . 181

10.2.1Theuserinterfacefor veri�cation. . . . . . . . . . . . . . . . . . . . . . 200

10.3.1 Elapsedtime for veri�cation of propertieson (a) parallel, (b) synchro-

nized,and(c) sequentialpresentations.. . . . . . . . . . . . . . . . . . . . 206

xiii



List of Tables

6.3.1AveragePSNRvaluesfor 'stefan' . . . . . . . . . . . . . . . . . . . . . . 110

6.3.2AveragePSNRvaluesfor 'foreman' . . . . . . . . . . . . . . . . . . . . . 110

6.3.3Averagesharpnessvaluesfor 'stefan' . . . . . . . . . . . . . . . . . . . . . 116

7.2.1Comparisonof existingmethods.. . . . . . . . . . . . . . . . . . . . . . . 130

10.3.1Experimentswithout interaction. . . . . . . . . . . . . . . . . . . . . . . 201

10.3.2Experimentswith Pause-Resume. . . . . . . . . . . . . . . . . . . . . . 203

10.3.3Experimentswith Skip . . . . . . . . . . . . . . . . . . . . . . . . . . . 204

10.3.4Experimentswith Backward . . . . . . . . . . . . . . . . . . . . . . . . 204

xiv



10.3.5Experimentswith all interactionsallowed . . . . . . . . . . . . . . . . . 205

xv



Contents

Acknowledgments iii

Abstract v

1 Intr oduction 1

1.1 SpriteGeneration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.2 MultimediaSynchronization . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.3 SpatialBrowsing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.3.1 Featuresfor CompressedDomainandAccurateSpriteGeneration . 8

1.3.2 VideoCruise:SpatialBrowserfor RecordedDigital Video . . . . . 10

i



1.4 TemporalBrowsing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.4.1 TacklingLimitationsin SynchronizationModels . . . . . . . . . . 11

1.4.2 RuleSync: A Flexible Rule-BasedSynchronizationModel with

ModelChecking . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

1.5 Spatio-TemporalBrowsing . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2 An Intr oduction to Sprite Generation 19

2.1 Motion Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.2 SpriteGeneration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.3 ObjectSegmentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3 CompressedDomain Processing 34

3.1 MPEGVideoStream . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.2 Extractionof CoarseBoundaryFeaturesfrom aDCT Block . . . . . . . . . 38

3.2.1 SmoothnessandPatterns . . . . . . . . . . . . . . . . . . . . . . . 38

ii



3.2.2 Boundaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

3.3 StationaryBackgroundGeneration. . . . . . . . . . . . . . . . . . . . . . 43

3.3.1 Clustering. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3.3.2 TheClusterSelection. . . . . . . . . . . . . . . . . . . . . . . . . 47

3.3.3 TheBackgroundMacroblockSelection . . . . . . . . . . . . . . . 48

3.3.4 Enhancementwith Motion Vectors. . . . . . . . . . . . . . . . . . 48

3.3.5 SampleResults . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

3.4 VideoObjectSegmentation. . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4 Global Motion Estimation with Motion Sensors 59

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.2 Motion Sensors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

4.2.1 Detectionof Motion Sensors. . . . . . . . . . . . . . . . . . . . . 64

iii



4.2.2 Optimizationin Detectionof Motion Sensors. . . . . . . . . . . . 66

4.3 GlobalMotion EstimationUsingMotion Sensors . . . . . . . . . . . . . . 67

4.4 GlobalMotion Estimationfor SpatialBrowsing . . . . . . . . . . . . . . . 71

4.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

5 High ResolutionSprite Generation 75

5.1 SpriteGeneration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5.1.1 HistemporalFilter . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5.1.2 ConservativeSprite . . . . . . . . . . . . . . . . . . . . . . . . . . 79

5.1.3 High ResolutionSpriteGeneration. . . . . . . . . . . . . . . . . . 82

5.2 SpritePyramid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

5.3 Experiments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

5.3.1 High ResolutionSprite . . . . . . . . . . . . . . . . . . . . . . . . 88

5.3.2 SpritePyramid . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

iv



5.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

6 VideoCruise: Spatial Browser for Video 97

6.1 SystemComponents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

6.2 SpatialBrowsing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

6.2.1 CameraStabilization . . . . . . . . . . . . . . . . . . . . . . . . . 103

6.2.2 CameraOperations. . . . . . . . . . . . . . . . . . . . . . . . . . 104

6.2.3 Datafor SpatialBrowsing . . . . . . . . . . . . . . . . . . . . . . 105

6.3 Experiments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

6.3.1 Accuracy of Sprite . . . . . . . . . . . . . . . . . . . . . . . . . . 106

6.3.2 PSNR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

6.3.3 Sharpness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

6.3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

6.4 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

v



6.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

7 An Intr oduction to Multimedia Synchronization 122

7.1 Reasonsfor LimitationsonUserInteractions . . . . . . . . . . . . . . . . 125

7.2 RelatedWork . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

7.2.1 Time-basedModels. . . . . . . . . . . . . . . . . . . . . . . . . . 127

7.2.2 Event-basedModels . . . . . . . . . . . . . . . . . . . . . . . . . 129

7.2.3 SynchronizationLanguages . . . . . . . . . . . . . . . . . . . . . 131

8 RuleSync:Robust Flexible Synchronization Model 132

8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

8.2 SynchronizationRules . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

8.2.1 Events,ConditionsandActionsfor aPresentation. . . . . . . . . . 135

8.3 TheSynchronizationModel . . . . . . . . . . . . . . . . . . . . . . . . . 139

8.3.1 TheMiddle-Tier . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

vi



8.3.2 Elementsof aMultimediaPresentationandSMIL . . . . . . . . . . 142

8.3.3 Receivers,ControllersandActors . . . . . . . . . . . . . . . . . . 147

8.3.4 Timeline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

8.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155

9 User Interactions 156

9.1 BasicUserInteractions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

9.2 SkipOperation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157

9.3 BackwardPresentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

9.3.1 Managementof Time in BackwardPresentation. . . . . . . . . . . 165

9.3.2 SynchronizationRulesfor BackwardPresentation. . . . . . . . . . 169

9.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

10 Model Checkingof the Synchronization Model 175

10.1 Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

vii



10.1.1 Presentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

10.1.2 ContainersandStreams. . . . . . . . . . . . . . . . . . . . . . . . 179

10.1.3 Receivers,ControllersandActors . . . . . . . . . . . . . . . . . . 185

10.1.4 UserandUserInterface . . . . . . . . . . . . . . . . . . . . . . . 187

10.2 Speci�cation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

10.3 ExperimentsandAnalysis . . . . . . . . . . . . . . . . . . . . . . . . . . 199

10.3.1 Improving theSpeci�cationof MultimediaPresentations. . . . . . 205

10.3.2 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

10.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

11 Conclusionand Futur e Work 210

11.1 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

11.2 FutureWork . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

viii



Chapter 1

Intr oduction

The managementof multimediapresentationshave gainedgreatsigni�cance asapplica-

tionssuchasvideoteleconferencing,video-on-demand,educationallearningandtutoring,

asynchronousdistantlearning,andcollaborative engineeringemerged. The�rst presenta-

tions weresimilar to TV broadcastwhereusershave to be readyat the beginning of the

presentationandcouldnot interactwith thepresentation.As the technologyfor themul-

timediadataimproved,themultimediapresentationsareableto bestoredandaccessedat

differenttimesby varioususers.Therehave beenchallengingproblemsconfrontedwhen

multimediapresentationsenableuserinteractionsandthemultimediadataaretransmitted

over networks sharedby many users. The lossof the dataover the networks requiresa

comprehensive speci�cation of the synchronizationrequirements.The userinteractions

1
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thatchangethecourseof apresentationeitherincreasedthecomplexity of thespeci�cation

or arenot allowed. Spatialbrowsingof videodocumentsenablestheviewersto visualize

interestingobjectsfrom their perspective. Spatialbrowsing requiresaccuratespritegen-

erationfrom video. Spritegenerationhasto be performedin compresseddomainif it is

possible.Low resolutionspritesandblurredspritesareresultsof traditionalspritegenera-

tion techniquesthatcannotbeappliedfor spatialbrowsing.

The browsing of multimediapresentationsin distributed environmentsis signi�cant to

presentcorrectpresentationseffectively. In this dissertation,browsing is consideredas

spatio-temporalbrowsing sinceit canbe performedin the spatialand temporaldomain.

Thespatialbrowsingprovidesbrowsingof videosandimagesin thepresentations.Spatial

browsing suppliesbrowsing of video without actuallystoppingandrewinding the video.

On the otherhand,temporalbrowsing enablesinvestigation of speci�c sectionswithin a

presentation.Spatialbrowsing dependson accuratesprite generationwhereastemporal

browsingrequiresrobustand�e xible multimediasynchronizationmodel.

1.1 Sprite Generation

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

presented.Video standardslike H263.1,MPEG-1,andMPEG-2have beenproposedto
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reducetheredundancy in videostreamsthatconcentrateon spatialredundancy in a single

frameandtemporalredundancy in consecutive frames.Theintroductionof MPEG-4[87]

hasrevealedthat thereis still redundancy in the objectdomain. MPEG-4hasincreased

themotivationfor thespritegenerationandvideoobjectsegmentation.A camerashotcan

only capturea window from a large scene.The processof generationof the big picture

from shotstaken consecutively or at intervals from calibratedor uncalibratedpoints is

calledspritegeneration. A spriteis animageof alignedpixelsbelongingto a videoobject

that is visible throughouta videoscene[74]. Oncethespriteis generatedandobjectsare

segmented,thevideoobjectscanbelayeredontheregionsof asprite.Thespritegeneration

andsegmentationof videoobjectsreducethesizeof videodatasigni�cantly.

MPEG-4usesa generaltermsprite insteadof mosaicfor thebig pictureof videoobjects.

Thetermbackgroundis alsousedinsteadof thetermmosaic.Therepresentationsof mo-

saicsareinvestigatedin [48]. A mosaicimageis constructedfrom imagesequencesgiving

a panoramicview of the scene.A static mosaicis obtainedby applyingsometemporal

�lters (mean,median).Staticmosaicrepresentsthewholepicturewithout themoving ob-

jects.Dynamicmosaicis thecurrentframewith themostrecentupdatedscene.Thiscanbe

consideredasanextensionof themostrecentframewith its surrounding.If themosaicalso

includestheobjectsof all theframes,it is calledsynopsismosaic. Synopsismosaicis used

to displayhow the moving objectsdisplacetheir locationsin the whole picture. Mosaic

generationis composedof imagealignment,imageintegration,and residualestimation.



CHAPTER1. INTRODUCTION 4

Mosaiccanbe constructedusingaveragetemporalintensity, temporalmedian,weighted

temporalmedianor average,or combinationof these.Imagealignmentmaybeperformed

usingthe2D motionmodelor 3D motionmodel. Theframesmaybealignedfrom frame

to frame,frameto mosaic,or mosaicto frame.

Thevideodatamayexist asraw datawhereframesconsistof pixel valuesor in compressed

form asin MPEG standards.Most of the previous compressionmethodsutilize Discrete

CosineTransform(DCT) [37]. Decompressingdataandprocessingin the pixel domain

requirehugeamountof processingdue to the sizeof videos. Compresseddataprovide

additionalfeaturesin thefrequency domainthatdecreasestheamountof processing.Since

mostof the compressionis performedusingDCT, extractionof featuresfor compressed

datausingDCT maydecreasetheamountof processingandprovide moreinformationfor

the spritegenerationandobjectsegmentation.The spritegenerationandobjectsegmen-

tation requirecameramotion detection.Cameramotion detection,spritegeneration,and

objectsegmentationhavebeencloselystudied.
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1.2 Multimedia Synchronization

Multimediasynchronizationdealswith thesynchronizationof mediastreamsin a presen-

tation. Synchronizationis classi�edasintra-streamsynchronizationandinter-streamsyn-

chronization. The intra-streamsynchronizationmanagesthe presentationsof streamsat

a requiredrate (e.g. playing video 30frames/second).The inter-streamsynchronization

managestherelationshipsamongthestreams.Therearetwo typesof inter-streamsynchro-

nization: �ne-grainedsynchronizationandcoarse-grainedsynchronization.Fine-grained

synchronizationrequiresatight synchronizationbetweeneachsegmentof two streamslike

a lip-synchronizationbetweenaudioandvideo. Most of theresearchin �ne-grainedsyn-

chronizationaimsat lip-synchronizationbetweenaudioandvideo [92]. Coarse-grained

synchronizationhandlesthe relationshipsamongstreamsand determineswhen streams

startandend.Synchronizationspeci�cationlanguageslike SMIL [88] focuseson thesyn-

chronizationrequirementsfor coarse-grainedsynchronization.

Therehavebeenvariousapproachesto dealwith modelingof multimediapresentationsand

managementof browsingcapabilities.Themodelsin thepreviouswork canbeclassi�ed

aseithertime-basedor event-based.Theadvantageof time-basedmodelsis theeasyspec-

i�cation of thetemporallayoutof themediaobjectsin a presentation.Thedisadvantageis

thelimitationswith thespeci�cationandapplicationof thesynchronizationrequirements.

Even if the complex synchronizationrequirementsareignoredin time-basedmodels,the
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userinteractionssuchaspause,play, resume,and(fast-slow) forward needto updatethe

starttimeanddurationsof streams.Themanagementof thebackwardpresentationsor skip

operationsis not very complex sincethe startandendingtimesof eachmediaobjectare

known. Thetime of mediaobjectsfor a backwardpresentation,andthemediaobjectsthat

areactive at a speci�c point canbe �gured out throughthe time relations. If time-based

modelsenforceconstraintsto satisfysynchronizationrequirements,theskipandbackward

functionsalsobecomedif�cult to handle.

1.3 Spatial Browsing

Spatialbrowsing for a recordedvideo enablesthe usersto view interestingscenesand

objectsin the environmentfrom the perspective of users. Although spatialbrowsing of

recordedvideo wasnot considered,therehasbeenresearchon building blocksof spatial

browsing. The fundamentalissueis accuratespriteor mosaicgenerationfrom the video.

Spriteshelpreducethesizeof original videostreamsthatarepresented.

In recentyears,cameracontrolhasbeenstudiedby usingdifferentstrategiesat hardware

andsoftwarelevel. Although temporalbrowsing of video is supportedby many applica-

tions, incorporationof spatialbrowsinghasbeendelayeddueto the late improvementsin

global motion estimation,spritegeneration,andmanufacturingof specialcameras.It is
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hardto determinethe most interestingobjectsandscenesthat arefavoredby all viewers

in the environment. In traditionalapplications,cameramenareresponsiblefor capturing

themostinterestingevents,activities,andscenes.Therefore,thestoredvideocontainsthe

scenerecordedfrom theperspective of thecameramen.It hasbeenrealizedthatwhathas

beenimportantto thecameramenis not necessarilythemostimportantobjector scenefor

all viewers. Therearea coupleof waysto handlethe cameracontrol: transformingto a

virtual environment,automatingthe camerato follow the pre-de�nedobjects,andusing

advancedcameralike panoramiccameraandthenextractingimportantregions.

Videoobjectsegmentation,whichemphasizesonpartitioningthevideoframesinto seman-

tically video objectsandthe background,hasbecomea signi�cant issuefor the effective

manipulationof MPEG-4andMPEG-7. However, therehasbeensigni�cant amountof

video that hasbeencompressedusing MPEG-1 and MPEG-2, which useDiscreteCo-

sineTransform(DCT) to compressdata.Decompressingdataandthenprocessingdecom-

presseddatais computationalintensive. It is importantto extractsomecoarsefeaturesto

reducedecompressionandto usethesefeaturesin processing.

Thespritegenerationmethodsbene�t from recentglobalmotionestimation(GME) meth-

ods,whichyield almostaccurateestimationof motionparameters.However, thegenerated

spritesareusuallymoreblurredthanoriginal framesdueto imagewarpingstageander-

rorsin motionestimation.Thetransformedcoordinatesresultingfrom GME aregenerally
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real numberswhereasimagesaresampledinto integer values. Although GME methods

generatepropermotion parameters,a slight error in motion estimationmay propagateto

subsequentspritegenerationsteps.

The ordinary sprite generationtechniquesfocus on cameramovement,accuratemotion

estimation,alignment,andintegration. Thesetechniquesignoretheresolutionof original

imagesand the regeneratedimagesfrom the sprite are likely to have lower resolutions

thantheoriginal ones.Especially, if thesceneshave �nite depthandzoom-inandzoom-

out operationsoccur, thesegmentsof thescenearecapturedat differentresolutions.The

traditionalspritegenerationmethodseitherblur thespriteby integratinglower resolution

segmentsor useunnecessarylarge storagefor the sprite. The previous approacheshave

not consideredtheaccurategenerationandef�cient storageof thesprite. Sincethesprite

generationmethodsarebasedon mosaicgenerationtechniques,thespritegenerationis a

lossyprocess.

1.3.1 Featuresfor CompressedDomain and Accurate Sprite Genera-

tion

The featuresextractedfrom the compresseddatacan be usedto identify signi�cant re-

gionsbeforethe segmentation.Sincethe compressiontechniquein MPEG-1,MPEG-2,
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andMPEG-4is DCT, weproposeareliablemethodto extractsigni�cant blocksby extract-

ing featuresaboutthesmoothnessandboundariesfrom DCT compressedblocks.Features

aboutsmoothnessandstructureof boundariesareevaluatedto determinethe signi�cant

blocksfrom compressedvideofor objectsegmentation.

The temporalintegration is one of the core partsthat introduceextra blurring in sprite

generation.The temporalintegrationof imagesis performedusingthe histemporal �lter

basedon thehistogramof valueswithin aninterval. Thehistemporal �lter is a generalized

�lter andkeepsthe histogramof valuesthat mapto a speci�c interval. The initial frame

in thevideosequenceis registeredata higherresolutionto generatehigh resolutionsprite.

Insteadof warpingeachframe, the framesare warpedinto the sprite at intervals. This

reducestheblurring in thesprite.

The sprite pyramid (or layered sprite) allows ef�cient storageof imagesor video clips

of overlappingscenesat differentresolutions.Moreover, the imagesor video framescan

be reconstructedfrom the spritepyramid at the necessaryresolutions.A sprite pyramid

allows the regenerationof the video at the properresolutions. Eachlayer of the sprite

pyramidcorrespondsto a differentresolution.Thespritepyramidallows theregeneration

of differentsegmentsat differentresolutionsasthey werecaptured.Thespritepyramidis

createdif thescenehas�nite depthandtherearezoom-inandzoom-outoperations.
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1.3.2 VideoCruise:Spatial Browser for RecordedDigital Video

Spatialbrowsing of video documentsenablesthe viewersto visualizeinterestingobjects

from their perspective. We have developeda system,termedasVideoCruise, to spatially

browsethevideodocuments.VideoCruiserequiresaccurateglobalmotionestimationand

accuratespritegeneration.Althoughtherehave beenmethodsdevelopedto performthese

operations,the outputof thesetechniquescan only be usedwith motion compensation.

VideoCruisemanipulatesthe sprite and the original framesto allow interactive spatial

browsing that enablespanning,tilting, and zooming. We do not assumethat the scene

is prede�ned. We considerscenesthat arecapturedusinga singlecamera.The usercan

browsethesceneby usingcameraoperationslike panleft andright, tilt up anddown, and

zoomin andout.

1.4 Temporal Browsing

Multimedia presentationmanagementresearchstartedwith organizationof streamsthat

participatein thepresentation,andVCR-baseduserinteractionsareincorporatedat differ-

ent levels at the later research.Initial modelsonly considersimpleinteractionslike play,

pause,andresume.Flexible modelsdo not enforcetiming constraintsandtemporalorga-

nizationis ratherperformedby relatingeventsin thepresentation.For example,streamA
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startsafter (meets)streamB. Thereis no enforcementon mediaclock time like streamB

hasto endat aninstantandat that instantstreamA hasto start. Sincetheremaybedelay

in the play of streamB, to startstreamA after streamB brings�e xibility by not enforc-

ing timing constraints.Speed-upandslow-down operationsareincludedat a laterstagein

initial models.Skip andbackwardinteractionscanbeincorporatedin time-basedmodels.

But �e xible modelscouldnot incorporatethesefunctionalitiesadequately. Thereareonly

few �e xible modelsconsideringskip operation.Thesemodelshave somerestrictionson

theapplicationof skip functionality.

The userinteractionsthat changethe courseof the presentationarenecessaryin applica-

tionswherea detailedinvestigationof a presentationis required.Distanceeducationand

sportspresentationsareexampleswherethis typeof userinteractionsis needed.Backward

andskip aretwo examplesof userinteractionsof this kind at thelowestlevel. Skip directs

to anew positionwheresomeconstraintsmaybeviolatedandthepresentationmayyield a

falsepresentation.Thebackwardpresentationontheotherhandrequiresmoreinformation

thatis usuallynotspeci�ed.We focusonVCR-baseduserinteractionsin thisdissertation.

1.4.1 Tackling Limitations in Synchronization Models

De�ning reversetemporalrelationshipsdependingon forwardtemporalrelationshipsdoes

not solve theproblem.For example,thereversetemporalrelationshipfor “A meetsB” is
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“B meetsA”. Therearea coupleof scenariosthat “A meetsB” holds. Endingof A may

startB, beginningof B mayendA, or an independenteventmayendA andstartB. This

kind of speci�cation is possiblein SMIL. In all cases,meetsrelationshipholds. Should

backwardingA terminateB in backwarddirectionor shouldendingof B in backwarddi-

rectionbackward A or shouldan independentevent endB andbackward A? Even for a

singlerelationship,therearemany options. “Which option is betterthanthe others?” is

oneof thequestionsthatwe try to answerfor event-basedmodels.

Therearetools that enablethe queryingof temporalrelationshipsin multimediapresen-

tations.Thesetoolscomparethe time intervalsof streamsandmaycheckthecorrectness

of the speci�cationat a level. Flexible modelsusuallydo not considertime instantsand

mayyield differentpresentationsfrom expected.Thesemodelsdonotaimto achievedead-

linesfor theplayoutof streams.In mostcasesin adistributedenvironment,theseexpected

deadlinesareviolated.Theauthoror theusermayreceiveanunsynchronizedpresentation.

Someof thequestionsthattheauthorshouldconsiderare“is thereabetterspeci�cationfor

thepresentation?”and“doesthesynchronizationtool really satisfythetemporalrelation-

ships?”.Thequeryingtoolsusuallyassumeperfecton-timepresentationsof streams.The

authorcannotverify whethertherequirementsarereallysatis�edby themodel.

Thepreviouswork haslimited userinteractions,not supportednecessarysynchronization

requirements,or hasassumptionson thestructureof themultimediapresentations.FLIPS
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[83] haspowerful synchronizationrequirementsbut cannotsupportbackward and it has

limited skip functionality. Hurstet. al. [46] requireat leastonemasterstreamthroughout

thepresentation.NSync[12] doesnotallow backwardandit canonly allow skipafteruser

alsospeci�estheoperationsfor eachinterval of skip. Eitherrobustsynchronizationmodels

with limited userinteractionsand/orcomplex speci�cationor lessrobustsynchronization

modelswhile enablingcomprehensive userinteractionswereproposed.Thebackwarding

or skipping is consideredat the modelinglevel usingPetri-Nets[73]. This requiresthe

authorto modeldifferentPetri-Netfor eachdifferentskip andbackwarding. Theauthors

usually do not have enoughinformation aboutPetri-Netsor they do not want to spend

so much time on detailedmodeling. In the previous (time-based)models,most of the

information given by the userwas satisfactory for the model and userinteractions. As

the synchronizationrequirementsarespeci�ed by events,constraintsor synchronization

expressions,the informationto the systembecameimplicit. To overcomethis, eitherthe

userhasto specifymoreinformationasin NSyncor the functionalitiesarelimited asin

FLIPS andPREMO[41]. It is still a questionwhat to specifyandhow muchto specify.

We considerSMIL expressionsas the level of speci�cationandshow how our model is

powerful. ThereasonusingSMIL expressionsis to show thecompatibilityof modelwith

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

Model Checking

It hasbeenshown that event-basedmodelshave beenmorerobust and �e xible for mul-

timediapresentations.A disadvantageof theevent-basedmodelsis the inapplicabilityof

themodelin casethereis a changein thecourseof thepresentation(like backwardingand

skipping).Mostof thepreviousmodelsarebasedonevent-actionrelationships.Thecondi-

tion of thepresentationandparticipatingstreamsalsoin�uence theactionsto beexecuted.

Thusevent-condition-action(ECA) rules[61], which have beensuccessfullyemployedin

active databasesystems,are appliedto multimediapresentations.Sincetheserules are

usedfor synchronization,they aretermedassynchronizationrules. Sincethestructureof

a synchronizationrule is simple,themanipulationof therulescanbeperformedeasilyin

existenceof userinteractions.ThesynchronizationmodelusesReceiver-Controller-Actor

(RCA) schemeto executetherules. In RCA scheme,receivers,controllersandactorsare

objectsto receiveevents,to checkconditions,andto executeactions,respectively. Thesyn-

chronizationrulescaneasilyberegeneratedfrom SMIL expressions.Theauthorsusually

detainfrom providing extra informationfor backward andskip operations.This kind of

informationshouldbededucedby themodelandcorrectedby theauthorif it is necessary.

Thisdeductionis basedonauthor's speci�cation.Weassumethattherearereasonsbehind

theway theauthormakesthespeci�cationanddeductionof the rulesareboundby these
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reasons.A middle layer betweenthe speci�cationandthe synchronizationmodelassists

thesynchronizationmodelto provide userinteractionswhile keepingthesynchronization

speci�cationminimal. We call this middle layerasmiddle-tier. Themiddle tier is previ-

ouslyde�ned asthe logical layer in a distributedsystembetweena userinterfaceor Web

client andthedatabase.It is a collectionof businessrulesandfunctionsthatgenerateand

operateuponreceiving information. Themiddle-tierfor multimediasynchronizationhan-

dlessynchronizationrulesthatcanbeextractedexplicitly from theuserspeci�cationand

synchronizationrulesthat canbe deducedimplicitly from explicit synchronizationrules.

The middle-tier reducesthe amountof userspeci�cation while increasingthe power of

thesynchronizationmodel.Thesynchronizationmodelalsogeneratesavirtual timelineto

managetheuserinteractionsthatchangethecourseof thepresentation.

Theveri�cation andcorrectnessof schedulesarealsoimportant.Mostly, it is theresponsi-

bility of theauthorto verify therequirementsin thespeci�cation. Todayany userwithout

sophisticatedinformationaboutveri�cation canspecifya multimediapresentation.The

generalmethodsto checkthesearetheoreticalveri�cation, simulation,andtesting.These

areusuallyhardfor theuser(author)tohandle.Modelcheckingis atechniquethatautomat-

ically detectsall thestatesthata modelcanenterandchecksthetruthnessof well-formed

formulas. Moreover modelcheckingcanpresentcontradictoryexamplesif the formulas

arenot satis�ed. PROMELA/SPIN [45, 44] tool hasbeenusedfor modelcheckingwhich
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checksLTL (LinearTemporalLogic) formulas.Theseformulascanautomaticallybegen-

eratedandveri�ed. We give examplesof how our model is built usingPROMELA and

truthnessof formulasis checkedby SPIN[44]. Theauthordoesnothave to know this tool

but needsto know whatto verify. We have developeda programthattheauthorcanverify

thetruthnessof theproperties.

1.5 Spatio-Temporal Browsing

In this dissertation,we presentsolutionsfor �e xible androbustspatio-temporalbrowsing

of multimediapresentations.Thedissertationis dividedinto spatialbrowsingandtemporal

browsing. A systemcalledVideoCruiseis developedto provide spatialbrowsing. A sys-

temcalledRuleSyncis developedto temporallybrowsethemultimediapresentationswhen

VCR-typeuserinteractionsareenabledin distributedenvironments.Thesetwo systemsare

integratedwith NetMedia[108] andallows �e xible androbustspatio-temporalbrowsing.

Wehaveachievedthefollowing goalsastheresultof my work:

� aspatialbrowserto view objectsor scenesby generationof accuratespritesfrom the

video

� a synchronizationmodelthat �e xibly supportsinteractive multimediapresentations
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in distributedmultimediasystemswith modelcheckingsupport,

� to integratethesefunctionalitiesin a framework.

TheChapters2 to 6 arerelatedwith spatialbrowsingandChapters7 to 10arerelatedwith

temporalbrowsing.Therestof thedissertationis organizedasfollows.

� Chapter2 givesa comprehensive introductionof the latestapproachesproposedin

thespritegeneration.

� Chapter3 explainsthestationarybackgroundgenerationandtheextractionof effec-

tive featuresfor videoobjectsegmentationfrom MPEGcompressedvideo.

� Chapter4 explainstheimprovementsin globalmotionestimationusingmotionsen-

sors.

� Chapter5 presentshow to generatemoreaccuratespritesby reductionof blurringand

discussestheissuesfor thegenerationof spritein videowherezoom-inandzoom-out

cameraoperationsoccurandemphasizesthenecessityof a spritepyramid.

� Chapter6 explainsthespatialbrowsingtool, VideoCruise, andreportstheresultsof

ourexperiments.

� Chapter7 givesa comprehensive introductionof the latestapproachesproposedin

multimediasynchronization.
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� Chapter8 presentsour �e xible androbustsynchronizationmodel,RuleSync.

� Chapter9 explainshow RuleSynchandlesVCR-typeuserinteractions.

� Chapter10 describeshow modelcheckingtechniquescanbeappliedto multimedia

synchronizationwhereuserinteractionsare allowed. The model checkingis per-

formedusingPROMELA/SPINandalsotheanalysisof theresultsis reported.

� Chapter11providestheconclusionanddiscussesthefuturework.



Chapter 2

An Intr oduction to Sprite Generation

Thenew videocodingstandardMPEG-4[87] enablesthecontent-basedfunctionalitiesby

introducingtheconceptof videoobjectplanes(VOP).Thecodingof videosequencesthat

aresegmentedbasedon videocontents;�e xible reconstruction,andmanipulationof video

contentsat thedecoderhave beentheprimaryobjective. Thus,videoobjectsegmentation,

whichemphasizesonpartitioningthevideoframesinto semanticallyvideoobjectsandthe

background,becomesa signi�cant issuefor the effective manipulationof MPEG-4and

MPEG-7.

Most of thealgorithmsfor spritegenerationandobjectsegmentationhave to estimatethe

motion.So,wewill startwith themotionestimationmethods.

19
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2.1 Motion Estimation

Therehavebeen2D and3D modelshavebeenproposedto describethemotionin a scene.

The problemis the estimationof the parametersin thesemodels. Motion estimationis

usuallyclassi�edasglobalmotionestimationandlocal motionestimation.GlobalMotion

Estimation(GME) detectsthemotionof acameraor hugeobjectsin thevideo.Ontheother

hand,local motionestimationis relatedwith themotionof objects.Thelocal movements

of objectsin thevideoaffectGME.

Therearedifferenttypesof motionmodelsthatareusedin GME dependingon thecamera

operationsandthe structureof the scene.The perspective cameramotion modelcanbe

parameterizedas:
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. Theelementary

cameramovementsarepanning,tilting, rotation,andzoomingof a camera.If themotion

modelre�ects theseparameters,it is easierto extracthow thecameramoves. To obtaina

reliablemodel,it is assumedthatthecapturedsceneis �at concerningthedepthalongthe
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opticalaxisandtherotationis small.

In matrix form, af�ne motionmodelmatrix is denotedwith
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To performperspective motion transformation,the Cartesiancoordinatesneedto be con-

vertedto homogeneouscoordinates.

Theerrorbetweentwo framescanbedeclaredas
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In matrix form, af�ne motionestimationcanalsobewrittenas
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Moregenerally, this canbewrittenas
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whereM containsthemotionparametersfor the�rst matrixandt containsthetranslational

parameters.Therelative motionis computedas
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wherev
� �

is the vector for the new transformedcoordinates;M
�

and t
�

hold the current

motionparameters;andM andt hold themotionparametersup to thecurrentframe.

To increasethe robustnessof motion estimation,M-estimators[28, 90] areusedandthe

erroris expressedas:
N

å r
�

ei
�

(2.1.7)

wherer
�

ei
�

� e2
i in theoriginal formulation.Sincethis functiongivesmoreweightto large

errors,it is biasedby local motion(which areoutliersfor globalmotion). To decreasethe

effectof outliers,thetruncatedquadraticmotionis used:

r
�

ei
�

���

e2
i �

if � ei ��� t

0
�

if � ei ��� t

(2.1.8)

wheret is a thresholdselectedaccordingto thehistogramof theerrors.

Laplacianpyramid [19] is frequentlyusedin hierarchicalmodels. Laplacianpyramid is

a hierarchicalway of representingan imageusuallyat low resolutionsat the high levels

and low resolutionsat the low levels. A coarse-to�ne iterative estimationof motion is

proposedin [13]. The motion model is �rst determinedfor low resolutionimages. The

motion model is re�ned after increasingthe resolutionfor the image. Most of the GME
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techniquesconcentrateon theaccuracy of motionparametersof thechosenmotionmodels

[28,90, 89]. Thesemethodsusuallyincludeaninitial estimationof thesubsetof themotion

parametersandthenadjustingof the motion parametersusinga hierarchicalpyramid of

low-pass�ltered images.

Insteadof usingall thepixels in theimage,featureshave alsobeenconsideredfor motion

estimation.The featuremodelsfor edges,corners,andverticesarepresentedin [15, 27].

A corneris representedby theamplitudeof thewedge,its apertureangle,anda parameter

to measurethesmoothnessof thewedge.Verticesarede�ned asa superpositionof corner

models.Triple junctionsarede�ned by 3 adjacentregions.

MPEG uses2D translationalmodel for matching16x16blocks. A block is assumedto

move horizontally, vertically, or both. Thedistancebetweenmacroblocksis usuallymea-

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

Optical �o w algorithmsdo not handleimagesequenceshaving largemotion. Themedian

radial basisfunction network is usedfor optical �o w estimationandmoving objectseg-

mentation[17]. Thenetwork is trainedusingtheinformationobtainedfrom theuserin the

�rst framesof thevideo. This requiresthe trainingof thenetwork for eachvideoor even

for eachshot.
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2.2 Sprite Generation

The introductionof the MPEG-4[87] video standardhasmotivatedmany research�elds

likeobjectsegmentationandspritegeneration.MPEG-4[87] enablesdecodingandencod-

ing of layeredspritesfor theobjectsandthebackground.Thespritegenerationhasinitially

beenstudiedasmosaicgeneration [47, 110, 23, 97]. Mosaicpresentsa wide pictureof

the environmentthat cannotbe capturedin a single frame. Mosaicsaremostly usedin

content-basedretrieval andvideo compression.The mosaicshouldincludeevery section

thatis visible throughoutthevideosequence.If thereis no apriori motioninformationfor

a videosequence,themotionhasto beestimatedbetweeneachsequentialframe.Thepre-

viousapproacheshave not consideredtheaccurategenerationandef�cient storageof the

mosaic. Sincethe spritegenerationmethodsarebasedon mosaicgenerationtechniques,

thespritegenerationis a lossyprocess.

Spritegenerationis closelyrelatedwith extractionof goodfeatures.Thesefeaturesmay

alsoneedto beextractedin thecompresseddomain.Featureextractionandedgedetection

in compressedDCT domainhave beenstudiedin [70, 3, 85]. Patternsof the �rst AC

coef�cients by zigzagorderinghavebeenusedfor coarseedgedetection[85]. Thenumber

of non-zerocoef�cients hasbeenstudiedin [3]. First two AC coef�cients areusedfor edge

andshapedetectionin [70]. Thegeneralproblemwith thecoarseedgedetectionproblems

is thatmostof theweight is given to coef�cients thatappear�rst accordingto thezigzag



CHAPTER2. AN INTRODUCTIONTO SPRITEGENERATION 25

ordering.

In traditionalmosaicingmethods,mosaicsaregeneratedby mappingontoapredetermined

singlespace.The orderof imagesis importantin mosaicgeneration.In mostcases,the

imagesare mappedaccordingto the �rst imagein the sequence.If the imagehasthe

lowestresolution,thena low resolutionmosaicis generatedandif the �rst imagehasthe

highestresolution,ahighresolutionmosaicis generated.In the�rst case,if theimagesare

generatedfrom themosaic,they will have lower resolutionsthanthoseof theoriginals. If

the �rst imagehashigh resolution,the �nal mosaicwill behugeto reserve theresolution

of the�rst imageaftertheimagesarealigned.

Therehave beenvariousmethodsproposedon mosaic,sprite,or backgroundgeneration.

Thesetermsareusuallyusedin thesamesensein theliterature.Sprite(mosaic)generation

methodsmostlydiffer in thewaysmotionestimationandfeaturesusedto createthemosaic.

Differentrepresentationsof mosaicslike static,dynamic,andsynopsismosaichave been

investigatedin [47]. A directmethodis usedto align imagesandto generatethemosaic.

Whenthe planarscenesarecapturedfrom differentanglesor from the samepoint with

rotationor zooming,the translationis calledhomography. 2D mosaicgenerationfrom a

setof imagesusinghomographiesis proposedin [110]. Theextractedcornersfrom images

areusedfor mosaicgeneration.A spritecreationmethodbasedon connectedoperatorsis
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presentedin [81]. Theimageis representedas�at zonesandprunedusinga max-treerep-

resentation.Theoutlier detectionis obtainedby comparingtheoriginal frameandcurrent

on thepixel level andthis caneliminatesomeregionserroneously.

Thereare different typesof mosaicdependingon the cameramotion. If the camerais

translatingsideways,aplanarmosaicis generated[47, 97]. Thecylindrical camerais used

for the panningcamera[110]. The sphericalmosaicis generatedwhen camerais both

panningandtilting [23]. Thesemethodsdonotconsiderforwardmotionor zoomingof the

camera.In [72], theforwardmotionof thecamerais modeledandthemosaicis generated

usingthe pipe projection. For example,the mosaicsareeffectively generatedfrom shots

taken from a planeor a car moving in the forward direction. In this kind of videos,the

depthof thescenecanbeconsideredasin�nite andprojectingthin stripsfrom imagesonto

manifoldsis effective in themosaicgeneration.If thescenedepthis �nite, anothermethod

hasto be appliedsincean imageis alreadyincludedin anotherimage. Projectingthin

stripsis not effective in this case.If thereis a zoomin a closedenvironmentasin distance

learningapplications,thepipeprojectioncannotbeappliedproperly. A detailedwork on

estimationof motion parametersandgenerationof spriteshasbeenpresentedin [90]. A

high resolutionmosaicis generatedby sliding themosaicandwarpingthenext frameinto

themosaic[89]. Sincewarpingoccursfor every frame,thegeneratedmosaiccanstill be

blurred. Temporalintegrationmethodsareusedaccordingto the type of the mosaicthat

will begenerated.Thetemporalintegrationmethodsalsocauseblurring in themosaic.
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Somemethodsusethe depthinformation obtainedusing a coupleof cameras[38, 30].

Thebackgroundis estimatedusingclusteringmethodto �t thedatawith anapproximation

of a mixture of Gaussians[38]. When the backgroundis estimated,they usethe color

information along with the range(depth) information obtainedfrom a pair of cameras.

A disparitybackgroundmodel is createdfrom video-ratestereosequencesin [30]. The

problemis that therearemany caseswhereonly onecamerais usedto capturethescene.

The depthinformationis obtainedby the locationof the projectionson the epipolarline

[94]. Assumingarigid bodymotion,thearealayingbehindtheobjectsthatarecloseto the

cameracanbegeneratedusingthedepthinformation.

Methodsbasedon existenceof error in capturingimagesor obtainingmotionparameters

have alsobeenpresented[82, 23]. A methodfor multi-imagealignmentandmosaicing

having lensdistortionis proposedin [82]. They alsousea hierarchicalcoarseto �ne itera-

tion usingGaussian-Laplacianpyramid.Sphericalmosaicsgenerationis obtainedby using

quaternionsanddensecorrelation[23]. They attemptto reducethe mismatchesbetween

pixelsthatcauseblurringandghostingdueto inaccurateestimatesof camerapose.

Backgroundgenerationbasedon Kalman�ltering andadaptive AR �lter usingpixelsval-

ueshasalsobeenproposedto extract the background[77, 14]. Kalman�ltering method

assumesthat thebestinformationof a systemstateis obtainedby anestimationthatcon-

sidersnoiseon themeasurementof thesystemvalues[77]. Thepixelsarenot updatedif
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they belongto thebackgroundwithout interveningof foregroundobjects[14]. Theexam-

ple for imagemosaicingdoesnot includemoving objects.An adaptive color background

model for real-timesegmentationof video streamsis generatedin Hue-Saturation-Value

domaininsteadof RGBspace.If thebackgroundcannotbedetectedbecauseof theocclud-

ing objects,theundetectedpart is generatedby morphingof thebackground[98]. Images

arecomparedwith a storedbackgroundmodel to decreasethe bandwidth[67]. The im-

agesaredivided into macroblocks.Eachmacroblockis comparedwith the macroblocks

of the backgroundto detectwhetherit belongsto a backgroundor foregroundobjectby

thresholding.

Thebackgroundmosaicis generatedby segmentingtheforegroundobjectsfrom theback-

groundobjectandthen�nding the globalmotion [31]. Thebackgroundis segmentedby

clusteringof thedominantmotion. Thealignmentof imagesis performedby using3 un-

knownsin rotationmatrix insteadof 8-parametermatrix [97]. This requirestheestimation

of thefocal lengthof thecamera.Sincethecamerafocal lengthcameracannotbealways

estimatedproperly, theremaybesomegapsin thepanoramicimagesgenerated.To handle

this, a closegapalgorithmis proposedby recalculatingthefocal length. The8-parameter

alignmenthasalsobeenusedin [49].
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2.3 Object Segmentation

Objectsegmentationis usuallyperformedusingregions,contours,andspecialfeatureslike

corners,edges,vertices,etc.Thereareapproachesthattry to distinguishshadowsfrom the

objects.Therearealsomethodsthatareproposedfor thecompresseddomainratherthan

pixel domain.

Onemethodfor extractionof objectsextractsregion information[80, 33,34, 26, 100, 106,

32, 60, 101, 35]. A genericpartitiontreefor theregionsthatappearin theimageis gener-

atedin [80]. Thisgenericpartitiontreecanbeusedfor unsupervisedandsupervisedspatial

segmentation,region-basedcoding,semanticregionsegmentation,andmotionspatialseg-

mentation. The binary partitioningtreebasedon regionsarealsousedin [33] andthey

useit for retrieval from databases.A merging algorithmis proposedcontainingmerging

order, merging criterion,andregion model[34]. Regionsin animagearerepresentedwith

a region adjacency graph(RAG). The regionsin I-framesaretracked comparingthe size

andtexture, motion informationandthe distanceof regions[26]. A video segmentation

algorithmbasedon watershedsandtemporaltrackingis proposedin [100]. The regions

areprojectedusingmotion parameters.The projectedregionsandregionsin the current

framearecompared.If the project region is overlappedby the currentregion a marker

is createdfor that region to be usedby watershedinformation. The watershedalgorithm

assignslabelsfor eachregion in the image. If the projectedregion doesnot coincidein
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anotherregion, thealgorithmfor watershedscannotbeusedproperly. Regionsarecreated

usingcolor boundariesandBayesianclustering[106]. Theprobabilitydensityfunctionof

assigningpixelsto regionshasto besubmittedto clusterusingBayes.A Markovianframe-

work associatedwith a Gaussianmodelingof thecolordistribution for eachregion is used

for color spatialsegmentation[32]. An imageis divided into regionsof pixels thatcorre-

spondto thosepixels that aredisplacedfrom the previous frame[60]. The performance

of the algorithmdependson the apriori probabilitiesandthe cost information. Kernel is

de�ned asagroupof neighboringmacroblocksconformingto a similarmotion[101]. The

algorithmreliesonMPEGmotionvectorsandgoodkernelextraction.

Thealgorithmsthatfollow contoursof objectsassumethattheobjectsdo not move fastin

consecutiveframes.Theobjectsmaybetrackedby checkingtheneighborsof borders.One

methodfor objectsegmentationis theboundaryextractionand/ortracking[16, 54, 21, 58,

39]. Theboundariesmaynot ful�ll theconstraintsof a region. Gap�lling approachesare

utilized to connecttheboundarysegments.Initial boundariesareobtainedvia pixel-based

segmentation[16]. The trackingof the boundariesareperformedat the boundarylevel.

The nodesat the intersectionof more thantwo regions; the boundaries,andregionsare

keptin a list to performthesegmentation.If thenodesarenot linked,they areconnectedto

theclosestlink with a segment.Thereareapproachesthatrequireinitial userinput before

processingof videodata[54, 21,58]. A semi-automaticobjecttrackingmethodfor spatio-

temporalsegmentationis proposedbasedontheconceptof snakesin [54]. After theimage
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is segmentedis regions,theuserinteractsto split erroneouslymergedregionsor to merge

regionsto createtheobject[21]. Theroughcontoursof theobjectsareacquiredfrom the

userin [58]. Thecontoursareusedto tracktheobjects.Oncetheboundariesareobtained

from theuser, a boundarytrackingalgorithmis proposedto follow theboundariesin case

of motion[39].

Feature-basedmethods�rst extractfeaturesfrom pixelsor selectpixelshaving distinctfea-

turesfrom others[25, 64, 52, 69, 62, 15, 27, 102]. Thefeaturemodelsfor edges,corners,

and verticesare presentedin [15, 27]. A corneris representedby the amplitudeof the

wedge,its apertureangleanda parameterto measurethesmoothnessof thewedge.Ver-

ticesarede�ned asa superpositionof cornermodels. The extractedinformationis used

in objectsegmentation.An imagetrackingalgorithmusingJacobianbasedon selective

pixels is proposedin [25]. If thereis a planarsurface,the pixels in the planarsurface

arenot includedasselectedpixels. An objecttracker matchesthebinary imagesof edges

againstsubsequentframes[64]. The model is updatedevery frameto accommodatefor

rotationandchangesin shapeof the object. A modelbasedon detectionandtrackingof

edgesdiscoversedgesby usingtheedgesin consecutiveframesandin thebackground[52].

Themethodproposedin [69] consistsof a motiondetectionphaseemploying higherorder

statisticsandaregularizationphaseto achievespatialcontinuity. VOPsaregeneratedfrom

anestimatedchangedetectionmask(CDM) in [62]. A buffer is usedto increasetemporal

stability by labelingeachpixel aschangedif it belongsto an objectat leastoncein the
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lastL changedetectionmasks.Algorithm proposedin [63] hasbeeninvolvedin Core Ex-

perimentsof the MPEG-4standardizationprocess.Theglobal motion is estimatedanda

scenecut detectoris usedto determinewhethertheinitial frameof theshotis considered.

Motion informationis usedto createa changedetectionmaskindicatingtheexistenceof

moving objects.Theshapeinformationis re�ned afterobtainingregionsbelongingto the

uncoveredbackground.Thesetypesof algorithmsmay detectfalseobjectsin scenarios

containingshadowsor re�ections.Themodelin [65] usestheedgepixelsin anedgeimage

detection. The model is updatedevery frameto accommodatefor rotationandchanges

in the shapeof an object. A segmentationalgorithmbasedon Hausdorff distanceby ex-

tractingedgesis proposedin [65]. A modelbasedon detectionandtrackingof edges[52]

discoversedgesby usingthe edgesin consecutive framesandin the background.Video

objectsegmentationmethods[65, 52] candetecttheedgesrelyingon themoving edgesof

theobjects.Thesemethodseitherrequiretheraw dataor needto decompresstheoriginal

data.Thevideoobjectscanbesegmentedusingthebackgroundmodel. Theblocksfrom

theframesandthebackgroundmodelarecomparedto extractobjects.

Thereare also approachesthat try to separateshadows from the objects[104, 78, 93].

P�nder [104] separatesshadows from humanbody in the sceneusing normalizationof

colorcomponentsby theluminance.They useapersonmodelto extractthepersonfrom the

image.Oncesomepixelsareassociatedwith anobject,amorphologicalgrowing operation

is appliedto createthepersonbody. In [78], they assumethat thevarianceamongpixels
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within shadow areawill belessthanthevarianceamongpixelsin theoriginal background

region. A methodbasedon detectionof thepenumbraandumbraof shadows is proposed

in [93]. This algorithmassumesa single light source,a stationarycamera,anda plane

background.

Therearemethodsthatperformtheir operationson theblock level ratherthanpixel level

thusdecreasingsensitivity to noisein theenvironment[109,84]. Therearealsotechniques

thatexploit thedatastructurein thecompresseddomainandsimplify the imagecontents

working in DC imagesobtainedfrom DiscreteCosineTransform[105]. DC imageand

AC energy of DCT coef�cients areusedfor initial segmentation[95]. Theentropy of AC

energy is usedto distinguishthe regionsbelongingto objectsand the background.The

entropy for objectis assumedto behigh. TheregionsaremergedspatiallyusingGaussian

randomvariable.



Chapter 3

CompressedDomain Processing

Thevideodatamayalsoexist in compressedform. Videosequencesusuallycontainenor-

mousdatafor video processing.Decompressingdataandthenprocessinguncompressed

datais computationalintensive. Moreover, this may yield erroneousresultsdue to pro-

cessingunnecessarydata. In this chapter, methodsfor stationarybackgroundgeneration

andvideoobjectsegmentationin compresseddomainareexpressedbrie�y . Thestationary

backgroundgenerationis performedby usingbasicfeaturesfrom DiscreteCosineTrans-

form (DCT) blocks. Thebackgroundis generatedusingclusteringbasedon temporalin-

formation[6]. Advancedcoarseboundaryfeaturesareextractedto eliminateinsigni�cant

blocksfor videoobjectsegmentation.Thefeaturesareextractedaboutthesmoothness,the

34
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boundaryvisibility, andtheboundarystructureof ablock[7]. SinceMPEG-1is astandard-

izedvideocompressionmethodandit usesDCT asotherstandardmethods,weperformed

someof ouroperationsonMPEG-1.

Thenew videocodingstandardMPEG-4[87] enablesthecontent-basedfunctionalitiesby

introducingtheconceptof videoobjectplanes(VOP).Thecodingof videosequencesthat

aresegmentedbasedon videocontents,�e xible reconstruction,andmanipulationof video

contentsat thedecoderhave beentheprimaryobjective. Thus,videoobjectsegmentation,

whichemphasizesonpartitioningthevideoframesinto semanticallyvideoobjectsandthe

background,becomesa signi�cant issuefor the effective manipulationof MPEG-4and

MPEG-7. However, therehasbeensigni�cant amountof videothathasbeencompressed

usingMPEG-1andMPEG-2,which useDCT to compressdata.Decompressingdataand

thenprocessingdecompresseddatais computationalintensive. It is importantto extract

somecoarsefeaturesto reducedecompressionandto usethesefeaturesin processing.

This chapteris organizedasfollows. Thefollowing sectiongivesbasicinformationabout

MPEG video streams.Section3.2 describesthe extractionof featuresfrom DCT com-

pressedblocks. Stationarybackgroundgenerationusingclusteringbasedon DC coef�-

cientsof blocks are explainedin Section3.3. The extraction of object boundariesand

objectsegmentationareexplainedin Section3.4. Thelastsectionsummarizesthechapter.
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3.1 MPEG VideoStream

An MPEG-1videostreamis composedof I, P, andB frames,wherePandB framesexploit

thesimilarity betweentheframes.P andB framesassumevery little changewith respect

to theirdependentframesandtheirmacroblocksaredecodedusingmacroblocksin I andP

frames.

In MPEG-1,eachmacroblockof I-Frameis composedof 6 blocks:4 luminanceblocksand

2 color components(Figure3.1.1). BlocksarecompressedusingDCT andeachblock is

representedwith DC andAC coef�cients. Ouralgorithmworksat thelevel of macroblocks

sincethecompressionis performedat thelevel of macroblocks.Let MBpq �

a
�

bethemac-

roblock at the pth row andqth columnof framea (Figure3.1.1. EachDC coef�cient of

MBpq �

a
�

canbe denotedasDCpq �

a
�

. MBpq �

a
�

may be representedwith its DC coef�-

cientsasfollows:

� Ypq
0

�

a
� �

Ypq
1

�

a
� �

Ypq
2

�

a
� �

Ypq
3

�

a
� �

Cbpq �

a
� �

Cr pq �

a
���

whereY0, Y1, Y2, Y3, Cb, andCr are

DC coef�cients of theblocksthatareshown in Figure3.1.1.
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Figure3.1.1:Macroblocksof MPEGframes.
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3.2 Extraction of CoarseBoundary Featuresfr om a DCT

Block

Therehasbeensigni�cant videodatathatarecompressedusingDCT. Thetraditionalmeth-

odsdecompressall theblocksandthenapplyvideoprocessingtechniques.This increases

computationalcomplexity dueto decompressingunnecessaryblocksandprocessingthese

insigni�cant blocks. Thesigni�cant blockscanbedeterminedby analyzingDCT blocks.

In this section,we proposeseveral featuresthat canbe extractedto comparetwo blocks.

A DCT compressedblock is obtainedfrom 8x8 rectangularregion of pixels. The major

featuresthatareextractedaresmoothness,thecomplexity of patterns,andtheboundaries

(or edges)insideablock.

3.2.1 Smoothnessand Patterns

Eachblock is composedof DC andAC coef�cients. DC coef�cient of a block carriesthe

mostinformationabouttheblockthatis the8 timesof theaverageof thepixel valuesinside

theblock. However, DC coef�cient providesno informationon thestructureof a block or

how pixels arespread. If only DC coef�cients areusedfor comparingblocks,different

blocksmaybeassumedto besimilarbecauseof theequalityin theaverageof thevaluesin

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

AC coef�cients mustbe usedeffectively to determinethe contentsof a block. EachAC

coef�cient is thecoef�cient of a basisimageshown in Figure3.2.1. Thenumberof non-

zeroAC coef�cients (NZAC) showshow complicatedtheblockpatternis [3]. If NZAC is 0,

the block patternis smooth. This alsoindicatesthe absenceof an edgein the block. As

NZAC increases,smoothnessin theblockdecreasesandsomepatternsbecomevisible.

The magnitudeof AC coef�cients is an indicatorof edgesor boundariesthat may exist

in the block. AC coef�cients are sortedin descendingorder accordingto the absolute

valueof theAC coef�cients. We sumup theabsolutevalueof M highestAC coef�cients,

andthe sumyields the block boundaryvisibility (BV). High valuesof BV indicateclear

boundarieswhereaslow valuesindicateweakboundaries.Wedonotuseall thecoef�cients

sincelow coef�cients determinetheshapeof theboundaryratherthanthevisibility. This

methoddoesnot rely on �rst coef�cients with respectto zigzagorderingas in [85, 70].
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Figure3.2.2:Blocksthatcontainedges.

Figure3.2.2showstheblocksthatcontainedgesfrom the�rst framesof 'Akiyo' and'Hall

Monitor' testsequences.
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3.2.2 Boundaries

The zigzagindex (Figure3.2.1)of the highestabsolutemagnitudeof AC coef�cient in-

dicatesthe boundarytype in the block. OrderedAC maintainsthe indicesof AC coef-

�cients in descendingorder accordingto their absolutevaluesand OrderedAC
�

i
�

points

the ith
�

0 � i � NZAC
�

highestindex. Thereis a vertical boundaryif OrderedAC
�

0
�

�

� 1
�

5
�

6
�

14
�

15
�

17
�

28
�

whereOrderedAC
�

0
�

is theindex of thehighestAC coef�cient. Ba-

sisimagesof theseAC coef�cients only haveverticalborders.Thereis ahorizontalbound-

ary if OrderedAC
�

0
�

�

� 2
�

3
�

9
�

10
�

20
�

21
�

35
�

. If OrderedAC
�

0
�

�

� 4
�

, thereis a diagonal

boundaryin theblock.

The orderof indiceswith respectto the absolutemagnitudeof AC coef�cients indicates

wheretheboundaryis in theblock. Thesignof theAC coef�cients indicatesthedarkand

light regionsin theblock. Thus,we canextractcoarseinformationby orderingof indices

andusingthesignsof AC coef�cients.

We extractedblocksthatcontainboundariesfrom the�rst imageof 'Akiyo' testsequence.

For example,OrderedAC
�

�

� 1
�

	

6 � denotesthattheindex of thehighestAC coef�cient

is 1 and it is negative, and the secondhighestindex is 6 and it is positive. We deduce

thattheleft partof theblock is darker thanits right sidebecausethehighestindex 1 hasa

negative coef�cient. Thesecondindex helpsuslocatetheboundary. ThesecondAC index
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is still a verticalAC index; thereforetheblock hasa verticalboundary. Sincethesecond

AC index is
	

6, if basisimagesof � 1 and
	

6 areoverlapped,theboundaryappearsto be

2nd � 3rd columnfromtheleft. Someexamplesfromtheblocksof 'Akiyo' testsequenceare

shown in Figure3.2.3.First two coef�cients usuallydeterminethepositionof theboundary

andthethird oneindicatestheslopein theboundary. SinceAC coef�cients having larger

magnitudesareeffective in determiningtheboundaries,this methodis morereliablethan

theothermethodsthatrely on thezigzagorderingof coef�cients.

OrderedAC = < -2, -1 , +4 >

OrderedAC = < -1, +6 >

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

Figure3.2.3:Boundariesin ablock.

Thefeaturevectorof a block is 5-tupleB ��� DC
�

NZ
�

BV
�

BoundaryType
�

Darkness
�

. The

comparisonof two blocksis performedby comparingtheir featurevectors.Thetypeof the

boundaryis importantto comparethesimilarity of blocks.Sometimes,ablockis compared

with neighboringblocksto checkthecontinuityof theboundary.
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3.3 Stationary Background Generation

The detectionof the backgroundcanbe accomplishedif the moving objectdisplacesits

location.In caseof displacement,thehiddenbackgroundbehindtheobjectcanbevisible.

In consecutive frames,thereis usuallyvery slight change.Therefore,the processof the

backgroundgenerationat intervalsof framesprovidesfasterspeed.PandB framesassume

verylittle changewith respectto theirdependentframesandtheirmacroblocksaredecoded

using macroblocksin I frames. So, I framesare bettercandidatesfor the background

constructionsincethereis enoughobjectdisplacementin videosequenceandthey do not

dependon any other frame. But, if the mobile objectsare small (i.e. that can �t in a

macroblock)andtheirdisplacementis alsosmall,thenfurtherprocessingis needed.In that

case,PandB framesneedto beprocessed.In thiswork, weaddresslargemobileobjects.

Thebackgroundgenerationhasthreesteps:

� Thegenerationof thebackgroundfrom avideoshot

� Merging of thesamebackgroundsthataregeneratedfrom differentvideoshotsthat

belongto thesamevideoscene

� Merging of thesamebackgroundsthatappearin differentvideoscenes

Our algorithm hasthreephases:the clusteringof the macroblocks,the selectionof the
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clusterthatmaycontainthebackgroundmacroblockandtheselectionof thebackground

macroblockfrom thecluster. Thealgorithmis thusasfollows:

Algorithm 3.3.1BackgroundgenerateStationaryBackground(Videovid)

// ClusterList
�

p
�

q
�

keepsall clustersof macroblocksthatappearedat pth row andqth

// column,
// cluster

�

p
�

q
�

is theselectedcluster(thathasprobablyhave thebackground
// macroblock)from theClusterList

�

p
�

q
�

,
// vid is thevideosequenceof stationaryframes
for eachI-framea of thevideosequencevid do

for eachmacroblockMBpq �

a
�

do
ClusterMBpq �

a
�

into ClusterList
�

p
�

q
�

end for
end for
for eachmacroblockMBpq do

Selectthecluster
�

p
�

q
�

from ClusterList
�

p
�

q
�

Selectthebackgroundmacroblockfrom cluster
�

p
�

q
�

end for
Combineall macroblocksselected

3.3.1 Clustering

Two methodologiesmaybeusedfor clustering:non-incrementalclusteringandincremen-

tal clustering.In a non-incrementalclusteringmethod,all themacroblocksmustbestored

until a shot changeoccurs. The macroblockscan be clusteredusing a non-incremental

clusteringmethodfor a videoshot. This methodis goodif the videoshotlengthis short

(lessthan5 seconds).But if the shot length is long and if it is possibleto generatethe

backgroundmacroblockearlier, thereis no needto �rst processand thenclusterall the

macroblocksin avideoshot.In this case,it is betterto useincrementalclustering.
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Let the backgroundmacroblockat location(p,q) needto be generated.All macroblocks

thatshowedupat this locationareclustered.Thefeaturevectorfor amacroblockis theDC

coef�cients of the blocks. In our case,we mapmacroblocksto a one-dimensionalspace

andorderthemaccordingto the distancefrom a speci�c point andthenclusterthemin-

crementallyasmacroblocksarrive. ThemacroblocksareclusteredusingNearestNeighbor

Rule (1-NNR). If thedistancefrom theexisting clustersis morethana speci�c threshold

(t ), anew clusteris createdfor themacroblock.Mostclusteringalgorithmsaresatisfactory

to clusterthemacroblocksthathave6 elementsin their featurevector. SincetheDC coef�-

cientsarealreadyapproximationto themacroblock,thedistancefunctionandhow features

areevaluatedgainsigni�cancein clustering.

DistanceFunction. In our work, two typesof distancemeasuresareconsidered:addi-

tive andselective. Additive distancemeasuresaccumulatethe differenceat eachfeature

(e.g. Manhattan,Euclidean).Selective distancemeasuresdependon theselectionof one

of thedifferenceof features(e.g. maximum,minimum). As anexamplefor additive dis-

tancemeasure,Euclideandistancemeasureis used.Bothmaximumandminimumdistance

measuresareconsideredfor theselective distancemeasure.

The featuresmay be evaluatedin several ways. Four methodsare statedhere. First

methodassignsequalweightsto eachDC coef�cient. Let MBpq �

a
�

andMBpq �

b
�

be the

macroblocksthatarecompared.Theabsolutedifferencebetweentwo DC coef�cients of
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MBpq �

a
�

andMBpq �

b
�

canberepresentedas � DCpq �

a
�

b
�

. ThentheEuclideandistance

betweenMBpq �

a
�

andMBpq �

b
�

is computedas
��

�

�

3

å
i � 0

� Ypq
i

�

a
�

b
�

2
	

� Cbpq
�

a
�

b
�

2
	

� Cr pq
�

a
�

b
�

2(3.3.1)

The secondmethodassignsthe sameweight to the chrominanceandthe luminanceand

takes the averageof the luminancecoef�cients. The averageof the luminanceDC co-

ef�cients of MBpq �

a
�

is denotedwith Ypq
avg

�

a
�

which is 1
4 å 3

i � 0Ypq
i

�

a
�

. This distanceis

computedas �

�

� Ypq
avg

�

a
�

b
�

2
	

Cbpq
�

a
�

b
�

2
	

� Cr pq
�

a
�

b
�

2(3.3.2)

TheDC coef�cient is 8 timestheaverageof thevaluesin theblock. So,aDC coef�cient is

thesmoothingof thevaluesin theblock. It maybebetterto keepthedifferencesasmuch

aspossible. Insteadof averagingluminancevalues,the maximumluminancedifference,

� Ypq
max

�

a
�

b
�

, which is maxi � 0 � 3Y
pq

i
�

a
�

b
�

, maybeevaluated.Thenthedistanceis
�

� Ypq
max

�

a
�

b
�

2
	

� Cbpq
�

a
�

b
�

2
	

� Cr pq
�

a
�

b
�

2(3.3.3)

Sometimes,it mayonly benecessaryto considersharpchangesin thesequence.Insteadof

computingthemaximumof luminancedifference,theminimumluminancedifferencecan

betaken, � Ypq
min

�

a
�

b
�

, which is mini � 0 � 3 � Ypq
i

�

a
�

b
�

. Thenthedistanceis
�

� Ypq
min

�

a
�

b
�

2
	

� Cbpq
�

a
�

b
�

2
	

� Cr pq
�

a
�

b
�

2

�

(3.3.4)

Maximumselectivemeasureis usedif thedifferencebetweentwo macroblocksneedsto be
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emphasizedasmuchaspossible.Thefunctionfor themaximumdistanceis:

max
�

� Ypq
max

�

a
�

b
� �

� Cbpq �

a
�

b
� �

� Cr pq �

a
�

b
� �

�

(3.3.5)

Thesharpchangesat a macroblockcanbedetectedusingtheminimumdistancemeasure

asfollows:

min
�

� Ypq
min

�

a
�

b
� �

� Cbpq �

a
�

b
� �

� Cr pq �

a
�

b
� �

�

(3.3.6)

3.3.2 The Cluster Selection

If the numberof clustersis morethanonefor a macroblocklocation, thereis a moving

objectatthatmacroblock.If thenumberof clustersis one,thenthereis nomovementatthat

macroblockandtheclusteris theonly candidatethatcontainsthebackgroundmacroblock.

Therearetwo basicfactorsthatareusedfor theselectionof thecluster:frequencyandcon-

tinuity. Thefrequency of aclusteris thenumberof elementsin thatcluster. Thecontinuity

of aclusterdenotesthemaximumlengthof thesequenceof macroblocksof theclusterthat

appearedsequentially. Theclustersare�rst chosenaccordingto their frequency. If there

is a tie, the clusterthat hasa highercontinuity is selected.Sometimes,theremay be no

or very little motion in succeedingI-Frames.All theseframeshave the effect of a single

frameon thefrequency andthecontinuityof theclusters.
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3.3.3 The Background Macroblock Selection

Thebackgroundis chosenfrom theclusterin fourways.Threeof themareaboutluminance

and the other one considersboth luminanceand chrominance. In the �rst case,if the

moving object absorbslight (non-shining),it causesdarknesson the background. It is

betterto choosethe candidatethat hasa higherluminance.Low luminanceis dueto the

object in the environment. In the secondcase,if the moving object is a light sourceor

re�ects light, it causesthe backgroundto shine. So, it is betterto choosethe candidate

that hasa lower luminance.High luminanceis causedby the object in the environment.

In thethird case,if thetypeof theobjectis unknown or it mayhave thepropertiesof both

shiningandnon-shiningobject,it may be betterto beneutral. So, the backgroundblock

that is closerto the meanis chosen.Finally, if the color is considered,the background

macroblockthatis closerto themeanof all theblockcoef�cients is thecandidate.

3.3.4 Enhancementwith Motion Vectors

The motion vector indicateswhetherthe macroblockmoves to otherpartsof the frame.

Although the term ”motion vector” is usedin MPEG streams,motion vectorsdo not ex-

actlyexpressthedisplacementof amacroblock.They rathergivethelocationof theclosest
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Figure3.3.1:Estimationof DC coef�cient of thereferencemacroblock.

macroblockin thepreviousor next frame. This is crucial if thereis a patternin theback-

ground.If themacroblockis previously locatedin anotherlocation,this usuallyshows the

partswheremoving objectsexist. If thereis a patternin theframe,it is alsopossiblethat

this macroblockpointsto anotherlocationsharingthesamepattern.We applytwo simple

methodsto detectthissituation.

Sincewe do our operationson themacroblocklevel, we do not have theexactDCT coef-

�cients of this block. Oneway to dealwith this is to checkall macroblocksthat intersect

with thismacroblock.If all of themhavethesamecharacteristicsasin thepredictedframe,

themacroblockhasnot moved. Anotherway is to estimatetheDC coef�cients of theref-

erencedblock. Theestimationof theDC coef�cients [105] is doneby giving weightsac-

cordingto themacroblockcoef�cients by theareathatsharewith thereferencemacroblock

MBref (Figure3.3.1):

DCref
�

4

å
i � 1

�

wi �

DCi
�

(3.3.7)
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whereDCi givestheDC valueof ablockin Figure3.3.1andwi is theratioof regioncovered

by MBi to theregionof thewholemacroblock(8x8=64pixels).

Let MBpq �

a
�

andMBpq �

b
�

representthe referencedmacroblockin the referencedframe

andin thecurrentframe,respectively. If

Distance
�

MBpq �

a
� �

MBpq �

b
� �

� t
�

whereDistanceis a distancefunctionandt is a threshold,this implies that the reference

block hasnot changedin thecurrentframe. Although themotionvectorinforms that the

macroblockmoved,it did not move. So, it maybeassumedthat referenceblock doesnot

containa moving object.

3.3.5 SampleResults

We have usedvideo streamsthat arerecordedin the lecturesandMPEG-4testsequence

“Hall Monitor”. Eachstreamis storedasa MPEG-1videostream.Thecodingpatternof

streamsis IBBPBBPBBPBBPBBandtheframerateis 15 framespersecond.Figure3.4.1

shows thephasesof how thebackgroundsaregenerated.The�rst rows displaytheframes

that are encountered.The secondrows show the phasesof the backgroundgeneration.

Figure3.4.1(a) shows a lectureexamplewherethe partsof the instructor's bodymaybe

occludedby theobjectsin theenvironment.Figure3.4.1(b)showsanexamplewheremore
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thanoneobjectmayappearandalsoobjectslike thebagmaybeoccludedby otherobjects.

For thisexample,�rst framesof theoriginal videosequenceareomitted.

Our observationsshowed that if the objectsmove enough,the backgroundcan be con-

structedin theearlyframesof theclip. In thelectureexample,thebackgroundis generated

afterprocessing13 I frames.120B and48 P framesareskipped.In thehall example,the

backgroundis generatedafterprocessing18 I frames.170B and68 P framesareskipped.

Ourresultsshowedthatchrominancemustbeincludedin thedistancecomputationandthe

selectionof thebackgroundmacroblockfrom thecluster. Thefalsemacroblocksthathave

colordistortionsmaybeselectedif only luminancecoef�cients areconsidered.

3.4 VideoObject Segmentation

The featuresextractedfrom the compresseddatacan be usedto identify signi�cant re-

gionsbeforethe segmentation.Sincethe compressiontechniquein MPEG-1,MPEG-2,

andMPEG-4is DCT, we have proposeda reliablemethodto extractsigni�cant blocksby

extractingfeaturesaboutthesmoothnessandboundariesfrom DCT compressedblocks.
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(a)

(b)

Figure3.4.1:VideoSequencesandBackgroundGeneration.
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Featuresaboutsmoothnessandstructureof boundariesareevaluatedto determinethesig-

ni�cant blocksfrom compressedvideofor objectsegmentation.

The generalmethodfor segmentationof video objectsis to detectthe boundariesof the

object. Therefore,if a region doesnot have a visible boundary, it is very unlikely that

theregion containstheboundaryfor theobject. Thebackgroundmodelcanbegenerated

automaticallyor presentedto thesystem.Thefeaturevectorsof blocksof theframesand

thebackgroundmodelarecomparedto eliminateinsigni�cant blocks.If thefeaturevectors

aredifferent,theframeblock is likely to containdataaboutanobjectandconsideredasa

signi�cant block. Thesigni�cant blocksaredecompressedandusedfor furtherprocessing.

Firstly, theblocksin thebackgroundmodelandtheframearecompared.Threethresholds,

t DC, t NZ, andt BV , areusedto compareDC coef�cients, the numberof non-zeroAC co-

ef�cients, andboundaryvisibility of featurevectors. Let f1 and f2 be featurevectorsof

two blocksto becompared.If � f1
�

DC
�

� f2
�

DC
�

� � t DC or � f1
�

NZ
�

� f2
�

NZ
�

� � t NZ, the

blocksareconsideredasdifferentblocks. If f1
�

BV
�

� t BV and f2
�

BV
�

� t BV , blocksare

assumedto have no visible boundaries.If only oneof the blockshasa visible boundary

(i.e.,
�

t BV), the blocksareconsidereddifferent. If two blockshave visible boundaries,

the boundarytype and the darknessof boundariesare compared. If both are the same,

they aretreatedassimilar. Thedifferentblocksareconsideredassigni�cant blocks.These

blocksaredecompressedandusedin further processing.The frame43 andbackground
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of 'Hall Monitor' testsequenceareshown in Figure3.4.2(a) and(b), respectively. The

signi�cant blocksthat areselectedby comparingcoarseboundaryfeaturesaredisplayed

in Figure3.4.2 (c). Two macroblocksaremisdetectedassigni�cant blocksdue to their

complex patterns.

(a) (b) (c) (d) (e)

Figure3.4.2:Experiments.(a) frame43 (b) backgroundimage(c) decompressed(signi�-
cant)blocksfor edgedetection(d) thresholdedframe(e)videoobject.

Secondly, edgesin thesigni�cant blocksareextractedto detecttheboundariesof a video

object.TheCanny [20] edgedetectoris usedto extract theedges.Themostdistinguished

featureof an edgeis its gradient,Ñg. Edgematrix E maintainsthe edgesin an image,

which is denotedby

E �

��

�

�

�

��

Exy
� 1 if thereis anedgeat (x,y)

�

Ñg
�

t Edge
�

Exy
� 0 otherwise

(3.4.1)

Let Eb andEF� representtheedgematrix for thebackgroundandframei. Thedifference

edgematrix(DEi) holdsthedifferentedgesthatexist in theframebut notin thebackground

whereDEi �

� �

EF� XOR Eb
�

� Eb
�

. DEi mayalsocontainnoisyedgesdueto theillumi-

nationchangein the environment. F
�

DEi
�

denotesthe edgesafter noiseremoved. The

removal of thenoiseis performedbasedon theimageproducedwith thresholding(Figure

3.4.2 (d)). It is possiblethat signi�cant blocksmay be missedin the initial comparison



CHAPTER3. COMPRESSEDDOMAIN PROCESSING 55

phase.A signi�cant blockmaybemissedbecauseof aweakboundarycloseto theborders

of ablock. Thiskind of ablockhassimilarDC, NZAC, andBV valueswith thebackground

model.If thereis anedgeon theborderof aninsigni�cant block, theinsigni�cant block is

alsodecompressedbeforefurtherprocessing.

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

thevideoobjectmayberemovedsincethey overlapwith thebackgroundedgesor maybe

removed asnoisemistakenly. If the gradientsof nodesarebelow the thresholdfor edge,

theedgesmayagainbedisconnected.Linking of edgescreatesnew edgesandis composed

of two phases:linking of closeedgesandlinking of distantedges.Let F
�

DE i
xy

�

� 1 and

F
�

DEi
pq

�

� 0 where
�

x
�

y
�

and
�

p
�

q
�

arecoordinates,x � 1 � p � x
	

1, andy � 1 � q �

y
	

1. Let Npq denotethe setof 8-connectednodesof a nodeat
�

p
�

q
�

. For simplicity,

assumethatE � F
�

DEi
�

. Epq is convertedto anedgeif

Exy
� 1 ��� p� q

�

Epq
� 0 ��� s� t

�

Est
� 1 �

�

Est
� Npq

�

����� u� v
�

Euv
� 1 �

�

Euv
� Nxy

�

�

�

Est
� Nuv

� �

(3.4.2)

is true. Informally, a nodeis convertedto an edgeif the nodeconnectsedgesthat are

not connecteddirectly or throughtheir neighbors.In this context, a nodeis anedgeif its

gradientis higherthanthe edgethreshold.For example,in Figure3.4.3(a), nodes4, 6,

8, 9 and14 denotetheedges.We want to link node6 to anothernode. The8-connected

neighborsof node6 arenodes1, 2, 3, 5, 7, 9, 10,and11. Node9 is alreadyanedge.Nodes

1 and2 do not connectnode6 to any otheredge. Thereforethesenodesareignored. If
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node3, 7, or 11 becomesanedge,thennodes4 and8 arereachablefrom node6. Nodes

10and11connectnode6 to node14but node14 is alreadyreachablefrom node6 through

node9. So, theonly candidatesarenodes3, 7, and11. Onceoneof nodes3, 7, or 11 is

chosen,all theedgesin the�gure arereachablefrom node6.

(a) (b)

Figure3.4.3:EdgeLinking. (a) closeedgelinking, (b) distantedgelinking.

Linking distantedgesis differentsincenoneof the neighborsconnectsthe edgesto the

distantedges.Assumethatwe wantto link sourcexy to destinationpq. Themainideais to

follow thenodeshaving high Ñg. Thereare2 signi�cant problems:1) if theedgeis also

connectedto a strongedgein the background,the trajectoryfrom the sourcemay stray,

and2) if we start from the sourceandtry to reachthe destinationby following the gra-

dientsof nodes,the edgesnearbythe destinationmay be misdetectedandthe real edges

maybeeliminated.We usea heuristicto solve the�rst problem.If thesourceis at
�

x
�

y
�

,

the destinationis at
�

p
�

q
�

, and
�

s
�

t
�

is an edgeon the trajectoryfrom the sourceto the
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destination,thenmin
�

p
�

x
�

� s � max
�

p
�

x
�

andmin
�

q
�

y
�

� t � max
�

q
�

y
�

. To solve the

secondproblem,insteadof startingfrom thesourceandreachingthedestination,a single

stepfrom the sourceto destinationand a single stepfrom the destinationto the source

is taken at eachiteration. A singlestepis to visit an neighborof an edge(Figure3.4.3

(b)). We usethe Manhattandistanceto measurethe distancebetweenedges. The con-

dition distance
�

sourcei � 1
�

destinationi � 1
�

� distance
�

sourcei
�

destinationi
�

mustbesatis-

�ed after eachiteration. The iterationcontinuesuntil the sourceandthe destinationare

8-connected.Thesnakemodel[51] is proposedto extractopenandclosedcontoursof ob-

jects. It needsinitial pointsfor thecontoursandrequiresweightsfor adjustingthecurves

of the contours. The distantedgelinking canalsobe performedusingthe snake model.

Finally, the regionswithin theboundaryof theobjectare�lled to obtainthevideoobject

(Figure3.4.2(e)).

In ourexperiments,weobservedthatsortedAC coef�cients aresigni�cant in detectionand

extractionof coarseboundaries.Since�rst two AC coef�cients areusuallythehighestAC

coef�cients, themethodsthatdependon thesecoef�cients mayalsoyield goodresultsin

somecases.However, duringcomparisonsof videoframes,therearealsoblocksthathave

othersigni�cant coef�cients thatcannotbedistinguishedusingthe�rst 2 AC coef�cients.

This increasedthe numberof blocksthat areassumedto be similar in the preprocessing.

NZAC is alsonotenoughto describethecoarseboundaryfeatureswhenNZAC is quitesmall

(i.e. lessthan6). If NZAC is high, it is likely that therearemany AC coef�cients having
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smallmagnitude.NZAC is usefulin comparisonsif thedifferencebetweenthenumberof

non-zeroAC coef�cients is signi�cant. By usingcombinationof theprestatedfeatures,we

obtainedsatisfactoryresults.

3.5 Summary

In this chapter, we have �rstly presenteda methodto extract coarseboundaryfeatures

from DCT compressedblocks.We have describedhow stationarybackgroundcanbegen-

eratedfrom MPEG-compressedvideo by usingDC coef�cients of blocks. This method

relieson the displacementof the objectsin the video. We have showed that DC coef�-

cient, smoothness,boundaryvisibility, boundarytype, anddarknessaregoodfeaturesto

determinesigni�cant blocks.Theboundaryfeaturesareusedto eliminatetheinsigni�cant

blocksfor videoobjectsegmentation.



Chapter 4

Global Motion Estimation with Motion

Sensors

Global Motion Estimation(GME) techniqueshave beendevelopedand usually applied

on video thatmotion takesplaceoften. Althoughthesemethodsproduceaccurateresults

wherefrequentmotion occurs,they turn out to be inef�cient if motion is not so often in

thevideoasin semi-dynamicvideos.In this chapter, we proposemotionsensorsthatwill

indicatethe existenceof motion and yield quick approximationto the motion. Motion

sensorsreducethecomputationsof thehierarchicalevaluationof low-pass�ltered images

in iterative descentmethods[8]. We alsoproposehow GME canbeperformedat intervals

accurately.

59
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4.1 Intr oduction

GlobalMotion Estimation(GME) techniquesplay animportantrole in videocompression

methods.GME is usuallyusedto describethe cameramotion in a video. The motion is

usuallymodeledwith perspective,af�ne, translation-zoom-rotation,or translationalmotion

models. Most of the GME techniquesdevelopedconcentrateon the accuracy of motion

parametersof the chosenmotionmodels[28, 90, 89]. Thesemethodsusuallyincludean

initial estimationof thesubsetof themotionparametersandthenadjustingof themotion

parametersusinga hierarchicalpyramid of low-pass�ltered images.Thesemethodsare

usuallytestedondynamicvideowherethereis almostalwaysmotionin thevideo.In semi-

dynamicvideoapplications,likedistanceeducation,themotiondoesnothappenoften.The

motionusuallyhappensat intervalsandthenthecamerastabilizes.

A hierarchicalgradientdescentmethodthat usesM-estimatorshasbeenusedto perform

GME [28, 90, 89, 57]. An initial matchingis necessaryto avoid being trappedin local

minima. The iterative descentis usedto adjustthemotionparametersat eachlevel of the

pyramid. Therearetwo drawbacksof this kind of approaches:error in initial estimation

andhierarchicalcomputationof iterativedescent.Firstdrawbackcausesthetechniqueto be

trappedin local minimaandthenext oneintroducessigni�cant computation.Tomasiand

Shi[86] presentsfeatureselectionprocessbasedonadissimilarityof featureselection.The

featuresareselectedbasedontheinitial frameandthecurrentframethusdependingonthe
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motionbetweentwo frames.Therearefeaturespresentedbasedonedges(highgradients),

corners,blockshaving highspatialfrequency. FeaturesareselectedusingtheLaplaceoper-

atorwith its FIR �lter coef�cients 1
�

� 2
�

1 [76]. This typeof featuresis selectedaccording

to theneighboringpixels.

In our system,GME is usedfor the sprite generationand spatialbrowsing. The sprite

shouldincludeevery part of the scenethat is visible throughoutthe video sequence.If

thereis noapriori motioninformationfor avideosequence,themotionhasto beestimated

betweeneachsequentialframe. If thereis a priori informationthemotionestimationcan

beperformedatanumberof frames.However, if theglobalmotionbecomessosigni�cant,

themotionmodelmaynotbeableto estimatethemotion.Theglobalmotionestimationat

intervals is importantto producea clearersprite. Therefore,theGME hasto betunedfor

increasingaccuracy.

In this chapter, we proposemotion sensors,which aresensitive to motion that may take

place. The motion sensorsareexpectedto displacetheir positionsin any type of motion

andshouldbeenoughto describethemotion. For example,4 motionsensorsshouldyield

informationaboutperspectivemotionand3 motionsensorsshouldyield informationabout

af�ne motion.For eachpixel within theinitial frame,ablocksearchis performed.Weused

two kinds of masks:squareandcircular. The motion sensorsarenot only edgeshaving

high gradients.They areobtainedby usingmoregeneralinformationthangradientsand
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carrymoreinformationin caseof motion.Theglobalmotionestimationis alsoperformed

at intervalsto reduceblurring in spritegeneration.

Thischapteris organizedasfollows. Section4.2following sectionexplainsmotionsensors.

TheGME with motionsensorsis discussedin Section4.3.Section4.4explainshow global

motionestimationis tunedfor spatialbrowsing.Thelastsectionsummarizesourchapter.

4.2 Motion Sensors

Our experimentsshowed that motion estimationmethodsthat processall the pixels that

areavailableareslow for video. So,rathera setof featurepointsis selectedandthey are

trackedin eachframe.Mappingfeaturepointsin two framesis noteasysincetheremaybe

severalfeaturepointsthatsharethesamecharacteristics.

This methodaimsto matchblocksthat have motion sensorsastheir centerpointsrather

than mappingfeaturepoints. This approachdoesnot requirethe exact mappingof the

featurepoint. Theerror functionusedin block matchingintroduces�e xibility in tracking

of themotionsensorspointseventhoughfeaturepointsarenotlocatedasthey areexpected.

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

expectedto displacetheir positionsin any typeof motion. 2 motionsensorsshouldyield
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informationabouttranslation-zoom-rotationmotionand1 motionsensorshouldbeenough

to detecttranslationalmotion.

Edgeshaving high gradientsarelikely to becandidatesfor motionsensors.Unfortunately,

gradientcontainsinformationwithin � 1 pixel distancethatis usuallynotenoughto detect

motiondueto existenceof patternsor apertureproblem.Anotherproblemwith theedges

is themappingof edgesin two frames.Anotheredgemaypossesssimilar informationto

thedesirededgeandmakesit dif�cult to detectthemotion.

It is very hardto �nd absolutemotionsensorsthatwill changetheir locationsafterevery

typeof motion. Thegoal is to �nd themotionsensorsthatwill displacetheir locationsin

mosttypesof motion. In Fig. 4.2.1,therearetwo linesintersectingeachother. Everypoint

lying on linesl1 andl2 is likely to displaceto their positionsaftera motion. Let theslopes

for l1 andl2 be m1 andm2, respectively. If thereis a motion in the directionof m1, the

pointslying on line l1 will beuselessandmoreover, make themotionestimationdif�cult.

Similar statementis alsotrue for line l2. Which pointscarry the highestinformationfor

motion? The answeris the intersectionof line l1 and line l2 becausethe p will always

changeits locationeitherthereis a motionin thedirectionof m1 or m2.

In realvideo,theexistenceof linesandtheir intersectionarenotguaranteed.Eventhough,

thelinesmayexist, they maynot bestraightlinesor maybehardto detect.Therefore,we

proposea methodthatwill work without detectionof linesandusinggradients(sincethey
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l l1
2

p

Figure4.2.1:Intersectinglines.

carrylimited informationaboutthesurroundingpixels).

4.2.1 Detectionof Motion Sensors

A featurepoint is distinguishableby its surroundingpixels. A block matchingprocessis

performedfor a block containingmotion sensormsas its centerwithin the sameframe.

Theblocksearchoperationis performedwithin distanceof d. Eachblocksizehasaheight

andwidth of n pixels. For the block searchoperation,n-stepsearchcanbe used. As an

errorfunction,weusethesumof absoluteerrordifferences(SAD)

e
�

Bp
�

Bt
�

p �� t
� Sn

i � 1Sj � n
j � 1 � Bms�

i
�

j
�

� Bt �

i
�

j
�

�(4.2.1)

whereBp representsthe block wherep is its centerandBt representsa block within the

searchdistanced. Let xp andyp denotethex andy coordinatesof apixel p. Thesensitivity

of apixel is determinedby s
�

p
�

which is computedby

min� xp �

d ��� xt �

� xp
�

d � �

� yp �

d ��� yt �

� yp
�

d �

�

e
�

Bp
�

Bt
� �

;(4.2.2)
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(a) (b)

Figure4.2.2:Squareandcircularmasks.

We have usedtwo differentmasksto detectmotion sensors:squareandcircular. Figure

4.2.2depicts8x8 squaremaskanda circularmaskof radius4. Squaremaskcontains64

pixelswhereascircularmaskhas61 pixels. Circularmaskis a betterapproximationthan

squaremasks,sincepixelswithin a radiusis considered.In realexamples,thedifference

is notdistinguishablewheneitherof thesemasksis used.Fig. 4.2.3showsmotionsensors

detectedfor a framefrom amobile& calendarframeby squareandcircularmasks.

Oneproblemin matchingof theblocksis thesigni�cant displacementbetweentwo frames.

In mostcases,themotionbetweentwo consecutive framesis nothuge.
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(a) (b)

(c) (d)

Figure4.2.3: Mobile & Calendarexamplefor motionsensorsa) original frameb) motion
sensorsin the framefrom circular maskc) applicationof squaremaskd) applicationof
circularmask.

4.2.2 Optimization in Detectionof Motion Sensors

Althoughmotionsensordetectionis performedat thebeginning,thecomparisonof blocks

is themostexpensive partandit shouldbeoptimized.Therearea coupleof optimizations

that canbe performed. Sincethe goal is not to �nd all the motion sensors,thereis no

problemif someof themaremissed. In mostcases,a motion sensorhasa neighboring

motionsensorandanordinarypixel hasa neighboringordinarypixel. Therefore,motion
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sensordetectioncanbe performedat intervals. To increasethe performance,every other

pixel is skippedduringdetection.

Notethatthedistancebetweentwo blocksis symmetric.If thedistancebetweentwo blocks

is alreadycomputed,thereis no needto computethe distancebetweenthosetwo blocks

again. If thesearchdistanceis d, thereareinitially
�

2d
�

2 � 1 SAD computations.Dueto

symmetry, this is reducedto d2 � 1.

Thesensitivity of apixel will behigh if it is amotionsensor. Otherwise,thepixel's region

is similar to its surrounding.If thesensitivity is low whencomparingtheblocks,thefurther

blocksdonotneedto becompared.Thatpixel canno longerbeamotionsensor.

4.3 Global Motion Estimation UsingMotion Sensors

Therearedifferenttypesof motionmodelsthatareusedin GME dependingon thecamera

operationsandthestructureof thescene.In this chapter, we detectcameramotion that is

parameterizedby perspective motionmodel:

x
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�
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�
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(4.3.1)

wherea0, a1, a2, a3, a4, a5, a6, and a7 are motion parametersand
�

x
�

i �

y
�

i �

is the trans-

formedcoordinatefor
�

xi
�
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�

. This modelturnsinto af�ne motionwhen
�

a6
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,
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translation-zoom-rotationmotionwhen
�
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Theerrorbetweentwo framescanbedeclaredas
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i

(4.3.2)
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is theintensityat
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in thepreviousframe,and

I
�
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x
�

i �

y
�

i �

is theintensityat thetransformedcoordinatein thecurrentframe.Error e is com-

putedfor pixelsoverlappingin two frames.

The iterative descentmethodsare likely to be trappedin local minima whenthey try to

minimizeEquation4.3.2. Thehierarchical(iterative descent)approachis usuallyapplied

to detectthemotionparameters.Initial estimationof translationalparametersis necessary

to avoid local minima. This methodrequiresgenerationof low-pass�ltering of a frame,

computationof gradientsandcomputinggradientdescentfor eachlayer. In our experi-

ments,motion sensorsapproximatelygive the motion parameterswithout generationof

hierarchicalpyramid.

Themappingof a motionsensoris computedusingblock matching.For �nding thebest

matchingblock, thefull searchingor n-stepsearchingcanbeapplied.Sincethenumberof

featurepointsis usuallyvery few, theprocessof full searchingis still fastandsometimes

is desiredif accuracy is needed. For perspective, af�ne, translation-zoom-rotationand
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translationalmotionat least4, 3, 2 and1 motionsensorsarerequired,respectively. Extra

motionsensorscanbeusedto checkthecorrectnessof motion.

In our implementation,wechoose3 motionsensorsto estimatethemotion.Since3 motion

sensorsareused,only the parametersfor af�ne motion canbe estimated.The parame-

tersfor translationalandtranslation-zoom-rotationaresubsetsof theseparameters.Since

perspective motion is sensitive to slight changesin the parametersand iterative descent

methodscanbe trappedin local minima, the initial guessof perspective motion parame-

ters is not performedby motion sensors.The generalstructureof the motion estimation

algorithmis depictedin Fig. 4.3.1.

If the motion detectionby motion sensorsis con�rmed, af�ne motion is estimatedusing

Levenberg-Marquardt(LM)iterative nonlinearminimizationalgorithm. Oncetheparame-

tersareestimatedfor af�ne motion, theseparametersareagain fed into LM algorithmto

estimatetheperspective motionparameters.

If the motion sensorscannotuniquelyidentify a global motion, the motion estimationis

determinedasin [28]. After themotionparametersareobtained,motionsensorsthatdonot

conformto globalmotionareeliminatedandnotusedin thesubsequentmotiondetection.

It is possiblethatthemotionsensorsmaybeoccludedby moving objectsor maydisappear

from the scenedue to cameramotion. In thosecases,motion sensorswill signi�cantly
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Figure4.3.1:GlobalMotion EstimationAlgorithm.

increasethe error in Equation4.3.2. The thresholdterror determinesthat the maximum

averagee2
i couldbebetweenconsecutive frames.In our testenvironmentterror is chosenas

100.Oncetheerrorexceedsterror, motionsensorsarerecomputedfor thenew frame.
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4.4 Global Motion Estimation for Spatial Browsing

The accuracy of the motion parametersis importantfor accuratespritegeneration.The

scenesmay have objectsat different depthand shapesor moving objects. The motion

parametersareaffectedby the moving objectsandapertureproblem. This causessome

deviation from the original valuesof motion parameters.Whenthe motion estimationis

performedfrom frameto frame,theerroraccumulatesandpropagatesto the latermotion

estimationandwarping. Sincethe scenemay not be modeledaccuratelyby the motion

model, it is not alwayspossibleto obtainthe actualmotion parameters.If the motion is

estimatedbetweeneachsequentialframe, the error is accumulatedfor spritegeneration

whenconsequentframesarewarped.Insteadof usingtheoriginal frame,we generatethe

framefrom thespriteto usein globalmotionestimation[90]. Therefore,therewill not be

erroraccumulation.Thisprocessis shown in Figure4.4.1.

The iterative descentmethodsare likely to be trappedin local minima. Our spritegen-

erationmethodskips someof the framesto reduceblurring in the sprite. The motion

estimationis performedbetweeneachsequentialframeandalsobetweenframesat spe-

ci�c intervals. Motion estimationbetweenfartherframesis moreproneto errorsdueto

theinitial estimationandpossiblelargedisplacement.Accumulatedmotionparametersor

relative motionwith respectto the initial framein the interval is a goodapproximationof

the motion parameters.We decreasethis entrapmentby consideringthe relative motion
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Figure4.4.1:GlobalMotion Estimation.
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betweenconsecutive frames. So, therewill not be an assumptionon the upper-boundof

translationalparameters.Werathermakeanassumptionon thespeedof thecameramove-

ment.For example,if displacementis 20pixelsat frame ft andthethresholdonthecamera

speedis 5 pixels, thenew expecteddisplacementwill be in [15,25]. This will reducethe

errorin initial estimationandremove theassumptiononmaximumdisplacement.

In matrix form, af�ne motionestimationcanbewrittenas
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(4.4.1)

Moregenerally, this canbewrittenas

v
�

� Mv
	

t(4.4.2)

whereM containsthemotionparametersfor the�rst matrixandt containsthetranslational

parameters.Therelative motionis computedas
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(4.4.3)

wherev
� �

is the vector for the new transformedcoordinates;M
�

and t
�

hold the current

motionparameters;andM andt hold themotionparametersup to thecurrentframe.

If thereis no segmentationmaskis usedandthe sceneincludesmoving objects,we use

M-estimators[28, 90] to increasethe robustnessof motion estimation. In this case,the
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erroris expressedas:
N

å r
�

ei
�

(4.4.4)

wherer
�

ei
�

� e2
i in theoriginal formulation.Sincethis functiongivesmoreweightto large

errors,it is biasedby local motion(which areoutliersfor globalmotion). To decreasethe

effectof outliers,thetruncatedquadraticmotionis used:
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�
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�
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0
�

if � ei ��� t
(4.4.5)

wheret is a thresholdselectedaccordingto thehistogramof theerrors.

4.5 Summary

In this chapter, we introduceda methodto performthe global motion estimationmethod

with motion sensors.If the video doesnot containcontinuousmotion, the existenceof

the motioncanbedetectedby motionsensors.Moreover, motionsensorsalsogive good

approximationto themotionmodelparameters.This initial estimationreducesthenumber

of computationat the levelsof pyramid. Although initial detectionof themotionsensors

is costly, it is usuallydoneonceat the beginning andcanbe optimizedby the methods

given in Section4.2.2. The GME canalsobe performedat intervals andaccurateresults

areobtained.



Chapter 5

High ResolutionSprite Generationwith

Sprite Pyramid

Thespritegenerationmethodsbene�t from recentglobalmotionestimation(GME) meth-

ods,whichyield almostaccurateestimationof motionparameters.However, thegenerated

spritesareusuallymoreblurredthanoriginal framesdueto imagewarpingstageander-

rorsin motionestimation.Thetransformedcoordinatesresultingfrom GME aregenerally

real numberswhereasimagesaresampledinto integer values. Although GME methods

generatepropermotion parameters,a slight error in motion estimationmay propagateto

subsequentspritegenerationsteps.In thischapter, weproposeamethodto generateclearer

spritesfrom video.Thetemporalintegrationof imagesis performedusingthehistemporal

75
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�lter basedonthehistogramof valueswithin aninterval [11]. Theinitial framein thevideo

sequenceis registeredat a higherresolutionto generatehigh resolutionsprite. Insteadof

warpingof eachframe,theframesarewarpedinto thespriteat intervals. This reducesthe

blurring in thesprite.We alsointroduceanew spritecalledconservativesprite.

The ordinary sprite generationtechniquesfocus on cameramovement,accuratemotion

estimation,alignment,andintegration. Thesetechniquesignoretheresolutionof original

imagesand the regeneratedimagesfrom the sprite are likely to have lower resolutions

thantheoriginal ones.Especially, if thesceneshave �nite depthandzoom-inandzoom-

out operationsoccur, thesegmentsof thescenearecapturedat differentresolutions.The

traditionalspritegenerationmethodseitherblur thespriteby integratinglower resolution

segmentsor useunnecessarylarge storagefor the sprite. The sprite pyramid (or layered

sprite)allows ef�cient storageof imagesor videoclips of overlappingscenesat different

resolutions.Moreover, the imagesor video framescanbe reconstructedfrom the sprite

pyramidat thenecessaryresolutions.

In thischapter, we�rstly proposeamethodfor generatinghighresolutionspritefromvideo.

Theframesareintegratedusingthehistemporal �lter . Thehistemporal �lter is a general-

ized �lter andkeepsthe histogramof valuesthat map to a speci�c interval. The initial

spriteis maintainedat a higherresolutionto reducetheblurring dueto real-valuedtrans-

formedcoordinates.The framesarewarpedinto thespriteat intervals. Sincewarpingof
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framesis performedusingbilinearinterpolation,alow-passeffect is introduced.Therefore,

ignoringunnecessaryframesyieldsclearspritegeneration.After developingour method,

experimentsareconductedonstandardMPEGtestsequences.

A sprite pyramid (or layered sprite) allows the regenerationof the video at the proper

resolutions.Eachlayer of the spritepyramid correspondsto a different resolution. The

spritepyramidallowstheregenerationof differentsegmentsatdifferentresolutionsasthey

werecaptured.The spritepyramid is createdif the scenehas�nite depthand thereare

zoom-inandzoom-outoperations.

This chapteris organizedas follows. High resolutionspritegenerationandhistemporal

�lter arepresentedin Section5.1. Section5.2explainsthestructureof thespritepyramid.

Theexperimentsandresultsarereportedin Section5.3. The lastsectionsummarizesthe

chapter.

5.1 Sprite Generation

5.1.1 Histemporal Filter

Thelineartemporal�lters likeaveraging,recursive�lters likeKalman�lter [77], andorder-

statistic�lters like median�lters have beenusedfor noisereductionor removal in image
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sequences.Temporalaveragingyieldsablurredsprite,if thevideoincludesmoving objects

or motioncannotbeestimatedaccurately. Median�lters requireenormousstorageto detect

the temporalmedian�lter . Moreover, temporalmedianmay yield erroneousresults,if

the expectedmediancantake several values.For example,the frequency of pixel values

100and101 is 20 and22 for a pixel coordinatein the sprite,respectively. Although this

differencemay result from the illuminancechangein the environment,they are treated

asdifferent. If the frequency of anotherpixel value is 25, this valuewill be chosenby

mistake. In fact, averaging(of 100 and 101) would yield a betterresult. Histemporal

�lter is a temporal �lter thatis basedon thehistogramof intensityvalueswithin a speci�c

interval.

The interval determinesthe precisionof temporalintegrationin spritegeneration.For a

8-bit perpixel gray-scaleimage,all thepixels lay in � 0
�

255� . Therewill be �

256
interval �

slots

in the histogram. If interval is 256, histemporal�lter becomestemporalaveraging. If

interval is 1, thetemporalinterval becomestemporalmedian�lter .

Two datastructuresareusedto obtainthehistemporal�lter: frequencyarrayandaverage

array. Frequencyarraykeepsthefrequency of eachinterval of thehistogram.As theframes

areprocessed,the frequency of an interval is increasedfor eachpixel valuebelongingto

theinterval. Averagearraymaintainstheaverageof thevaluesasnew valuesareprocessed

for eachslot. Histemporal�lter returnstheaveragevalueof theinterval having thehighest
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frequency. Figure5.1.1(a)showsahistogramwhereinterval is16. Theinterval � 81
�

96� has

thehighestfrequency. Figure5.1.1(b) displaysthefrequenciesof thevaluesthatlay in this

interval. Duringhistemporal�lter computation,theaverageof thesevaluesis computedas

they arrive.

5.1.2 ConservativeSprite

Differentrepresentationsof mosaicslike static,dynamic,andsynopsismosaichave been

investigatedin [47]. Directmethodsareappliedto alignimagesandto generatethemosaic.

A high resolutionmosaicis generatedby sliding the mosaicandwarpingthe next frame

into themosaic[89]. Sincewarpingoccursfor every frame,thegeneratedmosaiccanstill

beblurred. Moreover, temporalintegrationmethodsareusedaccordingto the typeof the

mosaicthatwill begenerated.Thetemporalintegrationmethodsalsocauseblurring in the

mosaic.

Thespritegenerationis a lossyprocessandtheresultingspriteis usuallymoreblurredthan

theoriginal sprite.This resultsfrom theinaccuracy of themotionestimationandwarping

stage.Especially, if thecamerain theactualsceneis moving fastasin betweenframes230

and270of 'stefan' MPEGtestsequence,thecameracannotcapturetheenvironmentat a

goodquality. Moreover, warpingblurs the original imageandintegrationof the blurred

imageinto thespriteworsensthesprite. Figure5.1.2shows anexampleof blurredsprite
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Figure5.1.1:Histemporal�lter .
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generatedfrom frames260 to 280 of 'stefan' video. Especiallynote the blurring in the

spectatorsarea.

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

Staticspritedisplaysthestationarypartsin thescene.Thedynamicspriteshows thesprite

with themostrecentframe. Synopsisspritecontainsshadows of themoving objects.All

thesespritegenerationtypescauseblurring of the image. We will de�ne a new type of

spritetermedas“conservativesprite” to avoid blurringof thesprite.However, conservative

spritegenerationrequiresthesegmentationmaskfor moving objects.In conservativesprite

generation,thenew pixel from thenew imageis integratedinto thespriteif no pixel was

integratedonto that locationbefore. Figure5.1.3shows theconservative spritegenerated

from frames260to 280of 'stefan' video.
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Figure5.1.3:Conservativespritegeneratedfrom frames260to 280of 'stefan'.

5.1.3 High ResolutionSprite Generation

Motion parametersthat are obtainedfrom Equation4.3.1 are usually real numbersand

yield real-valuedtransformedcoordinates.The original imagesaresampledinto integer

domain. The ordinary techniquescreatea spritehaving a resolutionof the initial frame

in thesequence.Thepixel locationsin thespritemaynot correspondto theinteger-valued

pixel locationsin thenew frame.Approacheslikebilinearinterpolationareusedto estimate

the pixel valueat the location. Bilinear interpolationtakes the weightedaverageof the

closestpixelsandblurstheimage.

A high resolutionvideomosaicingapproachis proposedin [91]. A high resolutionmosaic

is generatedwhereamosaicalsocontainshalf-peldata.Whenanew frameis processed,a

shift (diagonal,vertical,or horizontal)on themosaicis assumed,andtheframeis warped

into the correspondingareain the mosaic. This usuallypreservesthe original sharpness
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of the image. However, this approachdoesnot considerthe precisionof the transformed

coordinatesandwarpingstill occursat a low resolutionbecauseof shifting. In our case,

warping occursat high resolution(Figure 5.1.4). Every pixel in the warping region is

updatedduringwarping.

Figure5.1.4:High resolutionsprite.

Themotionparametersarealsoaffectedby themoving objectsandapertureproblem.This

causessomedeviation from the original valuesof motion parameters.Whenthe motion

estimationis performedfrom frameto frame,theerroraccumulatesandpropagatesto the

latermotionestimationandwarping. In addition,warpingat every framealsointroduces

blurring. Thus,insteadof warpingat every frame,theframesarewarpedinto thespriteat

intervals. But the motionestimationhasto be performedfor eachsequentialframe. The

previous frameis mappedfrom the spriteto avoid error accumulation.Threethresholds
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areused:maximumaccumulateddisplacement
�

mad
�

, maximumscalefactor
�

msf
�

and

maximuminterval length
�

mil
�

. Themotionbetweenconsecutive framesareaccumulated

until thedisplacementis lessthanmadandscale(zooming)factoris lessthanmsf . Oth-

erwise,themotionbetweenthe �rst frameandthe last framein the interval may increase

signi�cantly, andmotionestimationmethodsmayyield lessaccurateparameters.If there

is no signi�cant motion in the sequence,the relative motion is computedfor at mostmil

frames.Thisupperboundis neededto removetheobjectsfrom thebackgroundsprite.The

frameis alsowarpedinto thespritewhenthedirectionof cameramotionchanges.

5.2 Sprite Pyramid

In traditionalmosaicingmethods,mosaicsaregeneratedby mappingontoapredetermined

singlespace.The orderof imagesis importantin mosaicgeneration.In mostcases,the

imagesare mappedaccordingto the �rst imagein the sequence.If the imagehasthe

lowestresolution,thena low resolutionmosaicis generatedandif the �rst imagehasthe

highestresolution,ahighresolutionmosaicis generated.In the�rst case,if theimagesare

generatedfrom themosaic,they will havelowerresolutionsthanthoseof theoriginals.For

example,Figure5.2.1givesanexampleof suchanimagealignmentwherethe�rst image

hasa lower resolution.Figure5.2.2shows anexampleof imageregenerationfrom a low

resolutionmosaic.If the �rst imagehashigh resolution,after the imagesarealigned,the
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(a) (b)

(c)

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

�nal mosaicwill behugeto reserve theresolutionof the�rst image.Thegoalis to provide

amethodto generatemosaicwithout losingresolutionwhile maintainingef�cient storage.

A spritepyramidconsistsof L layers
�

0 � l � L
�

, wherethelowestlayercontainsthehigh-

estresolutionandthehighestlayercontainsthelowestresolution.Laplacianpyramid[19]

is a hierarchicalway of representinganimageusuallyat low resolutionsat thehigh levels

andhighresolutionsat thelow levels.Eachlayercontainsthesameimageatdifferentreso-

lutions.Sincethespriteis notviewableatall resolutions,somelayersof thespritepyramid
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� �

�

Figure5.2.2:Regeneration.

may containimageshaving holes. Irregular shapesoccurringasholesarecausedby the

rotationof thecamera.A holealsooccurswhena segmentof anobjectis not capturedat

that resolution.Existenceof theholesis themaindifferencefrom traditionalimagepyra-

midsusedin theliteraturewhereeachlayercontainsanimageatdifferentresolution.Each

layer l of pyramids hasa zoomingfactors l . Thestructureof a spritepyramid is shown

in Figure5.2.3.Theadvantageof this spritepyramidis that it keepsall thedatavisible at

its resolution.So,whena videoframeor imagehasto beregenerated,thevideoobjectis

generatedfrom thelayershaving closerzoomingfactors.

The generationof sprite pyramid from a group of imagescan be performedef�ciently

sincethenumberof imagesis few or thecameramotionis not contiguous.In a video,the

cameramotion is usuallycontinuous.Creatinga layer for eachframeis time consuming

andnot ef�cient. If zoomingis not signi�cant, framesaremappedonto thecurrentlayer.

If zoomingis greaterthan1 andsigni�cant, it is mappedontothelower layer. Otherwise,
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Figure5.2.3:Thespritepyramid.

it is mappedontotheupperlayer.

In most cases,the reasonof zoom-in is to focus on the interestingobject in the scene.

Therefore,mappingcanbe ignoreduntil thezoomingoperationstops.In thatcase,there

is aninterestingobjectandthatscenehasto bekeptat high resolution.If new partsof the

scenearevisible duringzooming,thoseregionsaremappedonto the currentlayer of the

sprite.

All the imagesarealignedat their own layers. The imagesarealsoalignedat the lowest

resolution.At level 0, thespritecontainsthelargestview of thescene.Thisspritemayalso

beusedto displaythebig pictureof theobject.
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5.3 Experiments

5.3.1 High ResolutionSprite

In ourexperiments,theresolutionof thespriteis twiceastheinitial frameof thesequence,

thusresultingin half-pelaccuracy. Themadandmil arebothselectedas10. Figure5.3.1

shows anordinaryblurredspritegeneratedfrom 'coastguard'MPEGtestsequence.If the

motion canbe modeledusing translationalmodel, the imagescan be warpedaccording

to the precisionof transformedcoordinates.MPEG-4testsequence'coastguard'canbe

modeledusing translationalmodel. Figure 5.3.2 shows the high resolutionbackground

spritegeneratedafter 300 frames. No segmentationmaskis usedin the generation.The

water texture is smoothedbecauseof temporaltexture, andhasbeenremoved from the

sprite.Theright sideof the�gure includespartsthatarenot �lled by frames.Thereforethe

right sidelooksdarker. Theselocationsare�lled with bilinearinterpolation.Thesmoothed

regionsin theordinaryspriteareclearlyvisible in thehigh resolutionsprite.

Figure5.3.1:OrdinarySprite.

Thereare no standardizedperformancetestsfor generatingsprites. The most common
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Figure5.3.2:High resolutionspritefrom coastguard.

methodis averagingPSNRvaluesfor a video. Although PSNRis a good indicationof

similarity betweenimages,averageof PSNRvaluesis notalwaysagoodmeasurefor video.

Figure5.3.3showsthespritegeneratedfor 'foreman' MPEGtestsequencefrom frames195

to 240.ThecorrespondingPSNRvaluesfor framesthataregeneratedfrom highresolution

spriteandordinaryspritearegivenin Figure5.3.4.We have usedaf�ne motionmodelfor

'foreman' sequence.

5.3.2 Sprite Pyramid

To show the effectivenessof the spritepyramid,we give an examplefrom a distanceed-

ucationapplication.Digital lecturescontainzoom-inandzoom-outoperations.Zoom-in

usuallyhappenswhentheinstructorpointsanimportantdataontheboardor theslideshow.

Whenzoom-inhappens,importantdataaredisplayed.Whenzoom-outhappens,thegen-

eral view is presented.Figure5.3.5shows threescenesfrom the lecturebeforezoom-in,

afterzoom-inandafterzoom-out.
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Figure5.3.3:Spritegeneratedfrom 'foreman'.
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Figure5.3.4:PSNRfor foremansequence.

Figure5.3.6displaysthe a2 parameterof af�ne motion modelwith respectto the initial

framein the clip. It is about20 secondsclip startingfrom frame32400to frame32900.

We only presenta2 sincea2 is nearlyequalto a5; anda3 anda5 is very closeto 0. In the

�gure, p1, p3, p5, andp7 arepeakpoints(localmaxima).At thesepoints,zoom-inreaches

its �nal point. Thesearethepossiblepointsthat thesigni�cant objectis beingcapturedat

the requiredresolution. In the �gure, p2, p4, p6, and p8 arethe local minima wherethe

zoom-outstops. In region R2, thereis a continuouszoom-in,so this part canbe ignored

in spritegeneration.In R4, thereis a continuoussigni�cant zoom-out.In region R3, p5 is

verycloseto theneighboringlocalminima,i.e., p4 andp6. Thereis nosigni�cant zoom-in

operationat this part. In region R3, p4 and p6 arevery closeto their neighboringlocal
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(a)

(b)

(c)

Figure5.3.5: Zoom operationsin a lecture(a) frame32400(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 thescene.In regionsR1 andR5, thegeneralview of theenvironmentis shown in

theclip.

Separatespritesaregeneratedfor R1, R3, andR5, and form the layersof the sprite. In

traditionalspritegeneration,singlespritewould begenerated.Sincetemporalintegration

is performedat differentresolutions,theresolutionof thespritesis not degraded(blurred)

by integrationof lower resolutionframes.In Figure5.3.6,a2 at p7 is nearlythreetimesof

a2 at p8. If thespriteweregenerated,the�nal spritewouldbe9 (3x3) timeslargerthanthe

original frame.In this case,therewill bethreelayersof sprite: for R1, R3, andR5. R2 and

R4 only contributesto thespriteif they coversomesegmentsthatarenotcoveredin R1, R3,

andR5. Sinceframesin R1, R2, R4, andR5 arenot integratedonframesin R3, thespritefor

R3 is notblurredby low resolutiondataintegration.

Duringourexperiments,wehavefacedproblemswhenusingtraditionalmosaicgeneration

methods.Spritegenerationfrom thewholesequenceis erroneoussincetheimage(at high

resolution)is consideredasa patternin a low resolutionimage.During errorcomputation

andmotionparameterestimation,therearecandidateregionsin low resolutionimagewhich

give lesserror thanthe original region. In that case,spritecannotbe generatedproperly

andlong-termspritegenerationmethods[90] fail. On theotherhand,frame-basedmotion

parameterestimationyields error accumulationin spritegeneration.Figure5.3.7shows
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Figure5.3.6:Af�ne motionparametera2 from a videoclip of adistanceeducationvideo.
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Figure5.3.7: Comparisonof PSNRvaluesfor ordinaryspritegenerationandfrom sprite
pyramid.

the comparisonPSNRvaluesfor the high resolutionsequenceof a video by usingsprite

pyramidandan ordinaryspritegenerationtechnique.This �gure shows the ef�ciency of

usingspritepyramid.

5.4 Summary

In this chapter, �rstly , we have presenteda methodfor high resolutionspritegeneration

from video. Motion estimationis performedbetweeneachconsecutive framenot to miss
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visible areasin the sequencefor spritegeneration.We introducea new spritenamedas

conservativespritethatis clearerthantraditionalsprites.Theblurring in thespritegenera-

tion is reducedby warpingat intervalsandatahigherresolution.Althoughhighresolution

spritewarpingincreaseselapsedtime, this is compensatedby warpingat intervals.

Wehavealsopresentedthespritepyramidfor videosandimageshaving �nite-depthscenes.

In applicationslike distancelearning,zoom-inandzoom-outarecommoncameraopera-

tions. The original spriteis only appropriatefor applicationshaving no zooming. Tradi-

tionalmosaicingtechniquesusuallyignorethesebasicoperationsandcauseblurredor very

largemosaics.This problemcanberesolvedby mappingtheframeson a pyramidwhere

layersre�ect differentresolutions.More importantly, this spritepyramidmodelallows the

regenerationof thevideoframesandobjectsat theresolutionthey werecaptured.



Chapter 6

VideoCruise:Spatial Browser for

RecordedDigital Video

Spatialbrowsing of video documentsenablesthe viewersto visualizeinterestingobjects

from their perspective. In this chapter, we introducea system,termedas VideoCruise,

to spatially browse the video documents.VideoCruiserequiresaccurateglobal motion

estimationandaccuratespritegeneration.Although therehave beenmethodsdeveloped

to performtheseoperations,theoutputof thesetechniquescanonly beusedwith motion

compensation.To measurethe quality of the sprite, a new measurecalledsharpnessis

usedto estimatethe blurring in the sprite. After motion parametersaredetectedandthe

precisespriteis generated,VideoCruisemanipulatesthe spriteandthe original framesto

97
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allow interactive spatialbrowsingwhich enablespanning,tilting, andzooming. We have

conductedexperimentson standardMPEG-4 testsequencesanddiscussedthe outputof

ourexperiments.

Although spatialbrowsing is enabledin virtual environments,the sceneis generatedby

usingcomputergraphicstoolsasin interactive walk throughapplications[103]. However,

theseapplicationsdonotgive thefeelingof browsingthroughrealimages.In reallife, it is

notpossibleto de�ne everykind of sceneby geometricprimitives.Anotherproblemis that

theenvironmenthasto bewell-de�ned. In [2], a spatialnavigationsystemis proposedby

modelingtheoriginal videousingVRML (Virtual RealityModelingLanguage).Theuser

will beableto navigateusingVRML andaccessspatiallocations.Therehavebeenintelli-

gentcamerasdevelopedto follow theprede�nedobjects.An intelligentcamerasystemis

developedto track lecturerandaudiencein [79]. Panoramiccamerasareusedto capture

theenvironmentin [96, 53]. Theregion of interestsaredetectedfrom thepanoramicscene

andthesepartsarepresented[96]. Thisapproachis notapplicableto previouslydeveloped

videos.A spatiallyindexedcamerais explainedfor navigationin [53].

Our goalis to enablespatialbrowsingof recordedvideo.We do not assumethatthescene

is prede�ned. We considerscenesthat arecapturedusinga singlecamera.The usercan

browse the sceneby using cameraoperationslike pan left and right, tilt up and down,

and zoom in and out. The backgroundmosaicor sprite hasto be extractedto provide



CHAPTER6. VIDEOCRUISE:SPATIAL BROWSERFORVIDEO 99

theseinteractions.However, theordinaryspritegenerationmethodshave somehandicaps

to be useddirectly in spatialbrowsing. For example, in MPEG-4 [87], the generation

andplaybackof thenew generatedvideodependon themotioncompensationalgorithms

sincethemotioncannotbeestimatedaccurately. Theusercanspatiallybrowsethevideo

andreleasebrowsing to seetheactualvideoat any framedisplay. We call this systemas

VideoCruise. In this chapter, wedescribethesystemandevaluationof theexperiments.

This chapteris organizedasfollows. In thefollowing section,thecomponentsof thesys-

tem areexplainedbrie�y . The spatialbrowsing issuesareexpressedin Section6.2. The

experimentsare explainedin Section6.3. Section6.4 discussesthe limitations and the

futurework. Thelastsectionconcludesourchapter.

6.1 SystemComponents

VideoCruisehas two components:preprocessingmoduleand spatialbrowsing module

(Figure6.1.1). In the preprocessingphase,the global motion estimationbetweenframes

andthegeneratedspriteis performed;andthespriteis generated.Sincethespriteis used

in spatialbrowsing,ourgoalis to generateahighresolutionspritewhile reducingblurring.

Themotion parametersfor eachframeis storedandmadeavailablefor spatialbrowsing.

Theusercanbrowsethevideousingpanning,tilting, andzoomingoperations.Theframes
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Figure6.1.1:Componentsof VideoCruise.

andthespritearemergedby adjustingmotionparametersandenablingbrowsing.

The videosthat we experimenthave color components.Eachpixel in a framehasYUV

components.We have performedGME only on luminancevalues(Y component).The

U andV componentsusuallydo not contributemuchto theGME andmoreover, it brings

additionalprocessingcost.
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6.2 Spatial Browsing

Spatialbrowsing requiresintegrationof spriteandthe frames. In [96], sincethe original

sceneis a panoramicscene,theregion of interestfrom thesceneis detectedandpresented

to theuser. In their case,thereis noneedto integrateframesandthebackgroundsprite.In

our case,thespriteis generatedusingtheframesandit is importanthow theseframesare

relatedspatially.

The video canbe seenin two waysat any time of the video: original displayandwith

cameracontrols. The usercangain the cameracontrol at any framedisplayat any time.

Theusercanalsoreleasethecameracontrolandthewatchtheoriginal video. Whenthe

usergains the cameracontrol, the cameracan be moved left, right, up, and down and

zoomedin andout (Figure6.2.1).Thisyieldscamerastabilizationandspatialbrowsing.

Spatialbrowsing canbe performedusing the segmentationmasksof the objectsif they

areavailableor usingthe completeframes. Whenobjectsareavailable,they arewarped

into the background.If the objectsarenot available,original framesarewarpedinto the

background.
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Figure6.2.1:Userinterfacefor spatialbrowsing.
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6.2.1 CameraStabilization

Whenthe usergainsthe cameracontrol, the camerais stabilized. In this case,sincethe

camerais static,theobjectmight enterandleave thesceneif theoriginal videois tracking

theobject.

Let fc framebetheframewheretheusergainedthecameracontrol. Sinceall themotion

parametersarekept accordingto the initial frame in the video, the relative motion with

respectto the fc hasto becalculated.Let Mm �

t
�

bethemotionparameterin frame ft with

respectto frame fm. For af�ne motion in Cartesiancoordinatesystem,theparametersfor

frame ft arecalculatedusing

Mc �

t
�

�

�

M0 �

c
� �

�

1
�

M0 �

t
�

(6.2.1)

If eachframe ft is warpedaccordingto thenew relative motionparameters,thecamerais

stabilized.
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6.2.2 CameraOperations

The usercanperformpanleft andright, tilt up anddown, andzoomin andout. These

operationsareperformedin the transformedcoordinates.We have 3 parametersto han-

dle panning,tilting andzooming: panLef tRight, til tU pDown, andzoomInOut. We also

have 3 thresholdsto determinethe strengthof the interaction: t p, t t , andt z. Whenever

the userclicks pan left button, panLef tRight � panLef tRight
	

t p. If the userclicks

panright button, panLef tRight � panLef tRight
	

t p. If the userclicks pantilt up but-

ton, til tU pDown � til tU pDown � t t . If the userclicks zoomin button, zoomInOut �

zoomInOut
�

t z. If theuserclickszoomoutbutton,zoomInOut � zoomInOut � t z.

Theenvironmentshouldbesetaccordingto thenew usersettings.Thebackgroundandthe

foregroundshouldbeupdated.Panningandtilting requiremodi�cation onthetranslational

parameters.Thetransformationmatrixbecomes

��

�

�

�

�

�

�

a0
2

�

c
�

� zoomInOut a0
3

�

c
�

� zoomInOut a0
0

�

c
�

� panLef tRight

a0
4

�

c
�

� zoomInOut a0
5

�

c
�

� zoomInOut a0
1

�

c
�

� til tU pDown

0 0 1

���

�

�

�

�

�

�

(6.2.2)
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6.2.3 Data for Spatial Browsing

Themotionparametersmustbeavailablefor thespatialbrowsing. In MPEG-4spritecod-

ing, thecoordinatesof trajectoriesaremaintainedfor generationof motionparameters.If

perspective,af�ne, translation-zoom-isotropicrotation,andtranslationalmotionareused4

points,3 points,2 points,and1 point arerequiredto generatethemotionparameters,re-

spectively. To supportrealtimeprocessing,thenumberof processesneedsto bedecreased.

Insteadof usingcoordinates,theoriginalmotionparametersaremaintained.

The upcomingframesarewarpedaccordingto the �rst framein the sequence.For each

frame,themotionparametersareestimatedandstoredin thedatabase.After warpingeach

frame,thecenterof theframein thespriteframeis alsomaintained.

Sincethe framesarewarpedonto the original frame, the relative motion parametersare

maintainedinsteadof the motion parametersbetweenthe sequentialframes.The motion

transformationcanbewrittenbrie�y as:

v
�

� Mv(6.2.3)

whereM containsthe motion parametersfor the �rst matrix; v is the coordinatein the

previousframe;andv
�

is thetransformedcoordinate.Therelative motionis computedas

v
� �

� M
�

v
�

� M
�

�

Mv
�

�

�

M
�

M
�

v(6.2.4)

wherev
� �

is the vector for the new transformedcoordinates;M
�

and t
�

hold the current
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motionparameters;andM andt hold themotionparametersup to thecurrentframe.

For eachframefi , wehavethefeaturesetFi
� � a0

�

a1
�

a2
�

a3
�

a4
�

a5
�

a6
�

a7
�

centerx
�

centery
�

whereai is themotionparametersandcenterx andcentery arethecentercoordinatesof the

framein thesprite.

6.3 Experiments

We have testedour tool on MPEG test sequences'stefan', 'foreman', 'coastguard'and

lectureexamples.For stefan,we alsohave thesegmentationmaskandusedit in thesprite

generationof 'stefan' sequence.Theaf�ne motionmodelis usedin themotionestimation

of 'foreman', 'stefan' andlectures.Translationalmotionmodelis usedin theestimationof

'coastguard'.We have usedthesemotionmodelsto becomparablewith otherwork in the

literature.

6.3.1 Accuracy of Sprite

Thecommonmethodto measurethequalityof aspriteis to regeneratetheframesfrom the

spriteandthento computethePSNR(PeakSignal-to-NoiseRatio)betweenthegenerated

framesandthe original frames.HigherPSNRmostly indicateshigherquality. However,
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PSNRmay not always be a good measurement.Usually PSNRis usedto measurethe

quality of a distortedimageby using the original image. Video canbe consideredasa

seriesof images.Thequality of a generatedspritein this caseis measuredby theaverage

PSNR.TheaveragePSNRobfuscatessomeproblemsin thespritegeneration.Humanscan

alsoevaluatethe generatedsprite. Sometimes,the sprite is generatedand the quality is

measuredby theviewer.

PSNRis basedon theerror functionbetweenimages(morespeci�cally Equation3). The

sprite is generatedbasedon the motion vectors. Thereare two factorsthat affect error

in the function. Firstly, during spritegeneration,pixels may be shifted in a wrong way.

Secondly, thespriteis blurreddueto warpingandtemporalintegration. Shifting problem

lowersPSNRwhereasblurring may increasePSNR.When the imageis blurred,all the

pixelsat a speci�c locationin all frameswill becloserto themeanvalue. If oneof them

wasselected,the imagewould not beblurred,but theerrorwould increase.We conclude

that PSNRaloneis not a goodmeasureof the quality of a sprite. Another factor is the

blurring of theimageor in contrast,how sharptheimageis. PSNRwith sharpnessof the

spritefor eachframeis abetterindicationof thespritequality.

In real life, blurring is usuallycausedby the distortionin the lensof a camera.We will

computethe sharpnessof the imageusing the gradientof the edges. Let � gt
i j be the

gradientat location
�

i
�

j
�

of frame ft . The gradientsare truncatedif they are lessthan
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the edgethresholdt e (gt
i j

� 0 i f � gt
i j � t e). Let ft be the framethat sharpnesswill be

computedand fo betheoriginal frame.Thesharpnessof a frame ft is determinedby

gt
�

å N
i å M

j � gt
i j

å N
i å M

j � go
i j

�

(6.3.1)

This equationmeasureshow muchtheoriginal edgesaresmoothed.Thenumberof edges

could alsobe usedin sharpnesscomputation;however, the gradientalsokeepsthe infor-

mationonhow muchtheedgeis smoothed.

During our experimentswe have computedmotionvectors,sharpness,andPSNRfor each

frame. We have generatedconservative spriteandstationaryspritefor differentspritede-

tails 1 and2, histogramsizes1, 2, 4, 8, and16 for the histemporal�lter . Due to space

limit, we will explain our resultson stefan sequencein detail andgive summaryof the

otherresults.

6.3.2 PSNR

Differentspritesgeneratedfor the'stefan' sequenceis shown in Figure6.3.1.We usedthe

segmentationmaskfor generationof the mask. Without segmentationmask,we alsoget

a similar spritesincethe foregroundobjectdisplacesits locationfrequently. Theaverage

PSNRsvaluesare listed in Table6.3.1. The PSNRsfor histogramsizes1, 2, and4 are
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(a)

(b)

(c)

Figure6.3.1: Spritesfor 'stefan' (a) histogramsize=1anddetail=1(b) histogramsize=2
anddetail=4(c) conservative sprite.

shown in Figure6.3.2.Whenthehistogramsizeincreases,thereis slight improvementon

the PSNR.Whenthe detail is increased,thereis a signi�cant increasein PSNR.Figure

6.3.3displaysthePSNRresultsfor detail=2.

The spritecanbe createdconservatively. Figure6.3.4displaysthe PSNRvaluesfor the

conservative sprite.

For the foremansequencethe spritecannotbe extractedsincethe backgroundis covered
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detail 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 theobject. However, after frame190theobjectdisappearsfrom thesceneandsprite

canbe generatedfrom frames190 to 300 (Figure6.3.5). Figure6.3.6depictsthe PSNR

values. The averagePSNRvaluesaregiven in Table6.3.2. For 'foreman' sequence,the

increasecausedby histogramsizeis moresigni�cant thandetail.Whenhistogramsizebe-

comes16,thePSNRapproximatelyincreaseby 2. Ontheotherhand,whendetailbecomes

2, thePSNRincreasesby 1.

6.3.3 Sharpness

To measurethe sharpnessof an image,the edgesin the original andthe generatedframe

have to beextracted.TheedgesaredetectedusingtheSobeloperator[37]. Thegradient

� g is obtainedby addinghorizontalgradient � gx andvertical gradient � gy. The edge
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Figure6.3.2: PSNRfor stefan for detail=1(a) histogramsize=1(b) histogramsize=2(c)
histogramsize=4.
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Figure6.3.3: PSNRfor stefandetail=2(a) histogramsize=1(b) histogramsize=2(c) his-
togramsize=4.
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Figure6.3.4:PSNRfor stefanusingconservative sprite.
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Figure6.3.5:Spritefor 'foreman' videofrom frames190to 300.
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Figure6.3.6: PSNRfor foremansequencefrom frame190 to 300 (a) detail=1histogram
size=1(b) detail=1histogramsize=16(c) detail=2histogramsize=1(d) detail=2histogram
size=16.
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detail 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:Averagesharpnessvaluesfor 'stefan'

thresholdt e shouldnot besohigh. If t e is high, only blurring at signi�cant edgesarede-

tected.In ourexperiments,wesett as30. Figure6.3.7displaysthesharpnessof generated

framesof 'stefan'. Theaveragesharpnessis given in Table6.3.3. Figure6.3.7shows the

sharpnessvaluesfor eachframein eachcase.Theaveragesharpnessfor conservativesprite

is 0.83. As canbe seenfrom Table6.3.3,both detail andhistogramsizeareeffective in

increasingsharpness.

6.3.4 Discussion

Accordingto Table6.3.1,thehistogramsizedid nothavesigni�cant contributionto PSNR.

However, accordingto Table6.3.3,thehistogramsizehasclearpositiveeffectonthesharp-

nessof thesprite.AlthoughhistogramsizemaynotcontributemuchtoPSNR,it contributes

to thesharpnessof theimage.Thispositive improvementis notdetectableby PSNR.

Thereis a strict relationshipbetweenthePSNRandthemotionof thecamera.Whenever

theobjectvisitsanew place,thePSNRstartsincreasing.Whenever theobjectvisitsprevi-

ouslyvisitedplace,PSNRstartsdecreasing.For instancefor frames0 to 30, theobjectis
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Figure6.3.7: Sharpnessfor stefan sequencewith detail=1(a) histogramsize=1(b) his-
togramsize=2(c) histogramsize=4(d) conservativesprite.
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visiting new places(Figure6.3.9).Fromframes30 to 80,again previously visitedpalaces

arevisited. Fromframes80 to 120,new placesarevisited. Fromframes120 to 180,old

placesarevisited.Fromframes,180to 210new placesarevisited.Fromframes210to 250

new placesarevisited. Fromframes250 to 290,new placesarevisited. We did not con-

siderthepositionin y directionsincethemotionin y directionis notsigni�cant. However,

the increaseanddecreasein PSNRarecloselyrelatedwith visiting thenew or old places.

In fact,this is relatedwith thenumberof visits to a speci�c position.As a futurework, to

increasethePSNR,the framesthat visit previously visitedplacesmaynot beusedin the

spritegeneration.

6.4 Limitations

Themoving objectsin thevideohave to becapturedcompletely. If avideoobjectdoesnot

appearcompletelyin a videoframe,duringspatialbrowsingtheinvisible partswill still be

invisible. Therearea coupleof waysto avoid this defect. Oneof themis to limit spatial

browsingwhenthevideoobjectis not capturedcompletely.

We assumethatthecameradoesnot make signi�cant rotationalmotionaroundits axis. In

sucha case,the generatedspriteshouldbe mappedto a cylindrical sprite. The approach

canalsobeappliedfor Video360
�

applications.In thosecases,thespritehasto bestatic.
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6.5 Summary

In thischapter, wehavepresentedaninteractivespatialbrowser, VideoCruise,for recorded

digital video. The VideoCruiserequireshigh quality spritegeneration.Our experiments

have showedthataveragePSNRis not alwaysa goodindicatorof quality by itself. PSNR

doesnot considerblurring in the sprite. Sharpnessmeasureis an indicatorof blurring in

thesprite.Wehaveobtaineddifferentsharpnessmeasuresfor thesameaveragePSNR.We

demonstratedexamplesfrom standardMPEGtestsequences.Oncethemotionvectorsand

the spritearegenerated,VideoCruiseprovidesinteractive spatialbrowsing. VideoCruise

providespanning,tilting andzoominginteractions.VideoCruiseallows theuseto gainand

releasethe cameracontrol at any framedisplay. Whenthe cameracontrol is gainedall,

framesaremappedaccordingto theframewhich cameracontrol is gained. In additionto

browsing,it enablescamerastabilization.



Chapter 7

An Intr oduction to Multimedia

Synchronization

Multimediasynchronizationdealswith thesynchronizationof mediastreamsin a presen-

tation. Synchronizationis classi�edasintra-streamsynchronizationandinter-streamsyn-

chronization. The intra-streamsynchronizationmanagesthe presentationsof streamsat

a requiredrate (e.g. playing video 30frames/second).The inter-streamsynchronization

managestherelationshipsamongthestreams.Therearetwo typesof inter-streamsynchro-

nization: �ne-grainedsynchronizationandcoarse-grainedsynchronization.Fine-grained

synchronizationrequiresatight synchronizationbetweeneachsegmentof two streamslike

122
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a lip-synchronizationbetweenaudioandvideo. Most of theresearchin �ne-grainedsyn-

chronizationaimsat lip-synchronizationbetweenaudioandvideo [92]. Coarse-grained

synchronizationhandlesthe relationshipsamongstreamsand determineswhen streams

startandend.Synchronizationspeci�cationlanguageslike SMIL [88] focuseson thesyn-

chronizationrequirementsfor coarse-grainedsynchronization.

Compositionof mediaobjectssuchasaudio,video,andimageplay an importantrole in

today's multimediasystemsanddatabases.A multimediapresentationmodelshouldsup-

port both event-basedandtime-basedactionsto satisfy�e xible speci�cationandpresen-

tation requirements.The complex synchronizationrequirementsshouldbe supportedby

themodelto maintaintheintegrity of thesynchronizationamongindividualmediastreams

in caseof delay or loss of dataover the network. The model shouldallow VCR-type

functionslike play, pause,resume,(fast-slow) forwardandbackward,skip andtheseuser

interactionsshouldbeprovidedfor browsingcapabilitiesof thepresentationandshouldnot

increasethecomplexity of thespeci�cationof themultimediapresentation.Thebackward

operationprovidesbrowsingandtheskip functionalityallowspresentingspeci�c segments

of thepresentations.Forwardandbackward(fastor slow) operationsenablequick scanof

thepresentation.For example,in aneducationmultimediasystem,theusermaynotunder-

standtheconceptsthatarestatedin a lecturevideo(andaudio)andhemayneedto replay

thatsectionuntil heunderstands.So,apresentationmayneedto bestartedfrom any point.
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If therelationshipsamongmediastreamsarespeci�edby usingconstraints,conditionstate-

ments,or eventrelationships,thesynchronizationcanbehandledin amoreconsistentway.

In event-basedmodels,no modi�cation on starttimesanddurationsof streamsis needed

for interactionssuchasplay, pause,resumeand(fast-slow) forward. But skip andback-

wardoperationsarecomplex, becausetheconstraints,conditionstatementsandeventsfor

thesefunctionalitiesmust alsobe available to the system. If the backward presentation

is supported,the lengthof thespeci�cationdoubles.So,event-basedmodelsdo not sup-

port backward presentations.Somesupportskip operationswith a lengthy speci�cation.

The event-basedmodelshave moresemanticsthantime-basedmodelsby imposingrela-

tionshipsamongstreams.Whenanevent is signaled,it meansthat thereis a relationship

betweenthe sourceandthe destination.Time-basedmodelsdo not have this kind of se-

mantics.In anevent-basedmodel,thestartof astreamdependsonaneventsignal.So,it is

unnecessaryto keepparameterssuchasstarttimeandduration,andto modify thesevalues.

Thus,usingeventsgive usmore�e xibility to modelthesynchronizationof a presentation.

Previouswork on event-basedmodelsassumesthat theeventswill certainlybegenerated.

So,they did notneedto investigatewheneventscanbesignaled.

Nevertheless,to ourknowledge,thereis noimplemented�e xible modelthatsupportsback-

wardfunctionality. Themaindif�culty behindbackwardandskip is thattheseinteractions

changethecourseof thepresentation.Althoughconceptualmodelshave beenproposedto

handlebackwardandskip [107,73], theimplementedsystemscouldnot usethesemodels
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sincethey requiretheauthorsto spendenormoustimeonmodeling.

7.1 Reasonsfor Limitations on User Interactions

Moregenerally, webelievethattheseimplementedsystemsignoredskipandbackwarddue

to following reasons:

1. Mostof thepresentationsincludedcompressedvideostreamlikeMPEG.Compressed

videois designedfor forwarddisplayandimportantframesappear�rst in thenomi-

nalpresentations.But they appearthelastin thebackwarddirectionthusmakingthe

backwardingvery dif�cult. If video cannotbe playedin backward direction,there

is no needto backwarda presentation.Skippingis not easysinceeachframein the

videohasa differentsize.It is not possibleto skip to a speci�c framesinceits exact

locationin thevideo is unknown. Nowadays,by usingbuffering andpreprocessing

techniquesit is possibleto performbackwardingandskipping to any point in the

video[108].

2. Most of thepresentationsalsoincludedaudio.Playingaudioin thebackwarddirec-

tion doesnotmakeany sense.Nowadays,audiois accompaniedwith closedcaption.

Eventhoughaudiois notplayed,thetext canbedisplayedin thebackwarddirection.

3. Inherentde�ciency of the modelscouldnot dealwith theseoperations.Especially,
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it is hardto managetheseuserinteractionsin event-basedmodelssincesomeevents

maybeskippedor signaledagainyielding incorrectpresentations.For thebackward

presentations,it is evenunknown whatto performin thebackwarddirection.

4. It is assumedthat managementof thesefunctionalitiesis easyandthey canbe in-

corporatedinto the systemeasily later. Managementof thesefunctionalitieslooks

easybut is actuallyhard.At �rst sight,it lookslike reversingtherelationshipsyields

the backward presentation,which is not true. Therehasbeena lot of time spent

for properspeci�cationof forward presentationsto capturethe synchronizationre-

quirements.Since,presentationsarenot deliveredin a perfectworld, eachminor

differencein thespeci�cationmayyield a differentpresentation.Froma givenfor-

wardpresentationspeci�cation,a numberof backwardpresentationsmaybespeci-

�ed. Theproblemis to determinethebestone,which is compliantwith theauthor's

forwardpresentation.

7.2 RelatedWork

Allen [1] introduced13 primitive temporalrelationshipsfor time intervals. This model

describeshow the time instantsandpresentationdurationsof two temporalintervals are

related. It doesnot quantify the temporalparametersfor time instantsand durationof
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temporalintervals. This work forms the basisfor most of the synchronizationmodels.

Little et. al. [56] extendedthesewith n-aryandreverserelationships.Then-arymodelhas

thesamepowerastheAllen'smodelbut it is easierto createcompositeobjects.Thereverse

relationshipscandeclarerelationshipsfor backwardpresentations.Overlaps,during, and

�nishes can only be expressedwith time valuesin thesemodels. The veri�cation of a

multimediapresentationusuallyconsistsof veri�cation of theserelationships.If thereis a

problemin presentingany mediaobject,it is notclearhow thepresentationof othermedia

objectswill be affectedif the temporalrelationsare de�ned by using before, overlaps,

during, and�nishes. Thiskind of temporalcompositionsof mediaobjectsis goodon local

systemswheredistributionovernetwork is notneeded.

7.2.1 Time-basedModels

Oneimportantfactor in modelingof presentationsis whetherthe modelis time-basedor

event-based.A lot of work hasbeendoneon time-basedmodeling.TimedPetriNetsare

�rst introducedfor multimediapresentationsin OCPN[55] andextendedwith userinterac-

tionsin [107]. Themodelingof userinteractionsusingPetriNetshasbeencoveredin [73].

Thebackwardandskip hasalsobeencoveredbut for eachpossibleskipandbackwardop-

eration(includingthecurrentpositionof presentationandwhereskip is performed),aPetri

Net hasto beconstructed.As thesePetriNetsarenot connectedto eachother, veri�cation
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andconsistency of thewholesystemis dif�cult to handle.So,amodelwhereall operations

canbeincorporatedandveri�ed is needed.Gibbs[36] proposeda way of composingob-

jectsthroughBLOB storedin thedatabasesandcreatedobjectsby applyinginterpretation,

derivation andtemporalcompositionto a BLOB. The temporalcompositionis basedon

the starttimesof mediaobjectson a timeline. Hamakawa et al. [40] hasan objectcom-

positionanda playbackmodelwheretheconstraintscanbede�ned only aspair-wise. A

time-basedsynchronizationmodelthatconsidersmaster-slave streamshaving at leastone

masterstreamis explainedin [46]. NSync[12] is a toolkit which managessynchronous

andasynchronousinteractions,and�ne-grainedsynchronization.Thesynchronizationre-

quirementsarespeci�edby synchronizationexpressionshaving syntaxWhen� expression
�

� action
�

. Thesynchronizationexpressionsemanticallycorrespondsto “whenever theex-

pressionbecomestrue,invoke thecorrespondingaction”. It doesnot allow backwardpre-

sentationsanddeclarationis harderthantypicaldeclarationssincetheauthorhasto specify

the necessaryinformationfor possibleskip operations.The speci�cationwith NSync is

complex, sincetheusermayneedto updatevariablessuchaspointersof thepresentation

thatcausestheuserto think aboutpointerupdatessothatthepresentationis consistentand

theusermayneedto specifymoreconditionsdueto skip functionality.

Time-basedmodelsusuallykeepthestarttimeanddurationof eachstreamandthesemod-

elsmodify thedurationandstarttimeaftereachinteractionof thesystemor theuser.
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7.2.2 Event-basedModels

It hasbeenshown thatevent-basedmodelsaremorerobustand�e xible for multimediapre-

sentations.A disadvantageof theevent-basedmodelsis theinapplicabilityof themodelin

casethereis achangein thecourseof thepresentation(likebackwardingandskipping).In

anevent-basedmodel,thestartof astreamdependsonaneventsignal.Eventsfor multime-

diaapplicationsarediscussedin [99] andamodelthatincludestemporalandspatialevents

is givenin [68]. SSTS[68] is a combinationof Fire�y' s [18] graphnotationandtransition

rulesof OCPN[55]. SSTShasAND-start,AND-end,OR-startandOR-endnodesto satisfy

thesynchronizationrequirementsof multiplestreams.Therelationshipsamongstreamsare

basedon binaryrelations.SSTSdoesnot cover any userinteractions.DAMSEL [75] has

anevent-basedmodelthat considersactivation of two eventssuchthat “occurrenceof an

eventwill causetheoccurrenceof anothereventt time units later”. Theoccurrenceof an

eventmayalsodefertheoccurrenceof anotherevent. Temporalconstraintsthatareused

in Madeus[50] arebasedon Allen's temporalrelations[1]. FLIPS[83] is anevent-based

modelthathasbarriersandenablersto satisfythesynchronizationrequirementsat thebe-

ginningandtheendof thestreams.It doesnothavecomplex userinteractionssuchasfast-

forwardandfast-backwardbut it hasa limited skip operationthatmovesto thebeginning

of anotherobject. The functionalitiesof an applicationareclassi�ed aspre-orchestrated

or event-basedin [99]. The pre-orchestratedactionsarethe actionsthat areknown prior
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Model Synchronization User
Requirements Interactions

Time Event Satisfaction Speci®cation Play, Pause, Backward
based based Complexity Resume,Forward 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 �

Hamakawa[40] � constraints Moderate Moderate � �

SMIL [88] � � High Moderate � �

RuleSync � � High Moderate � �

Table7.2.1:Comparisonof existingmethods.

to the presentationwhereasthe event-basedonesaretriggeredby events. A timeline ap-

proachwith event-basedmodelingis proposedin [43]. User interactionsareconsidered

but not VCR functionssuchasfast-forward, fast-backward,or skip. They emphasizethe

synchronousandasynchronousevents. PREMO[41] presentsan event-basedmodelthat

alsomanagestime. It hassynchronizationpointsthat may alsobe AND synchronization

points to relateseveral events. Time for mediais managedwith clock objectsand time

synchronizableobjectsthat containa timer. They do not discussany userinteractionsin

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

papersshow how synchronizationrequirementscanbemodeledusingECA rulesandform

the basisof ECA rule modelingin this paper. A hierarchicalsynchronizationmodelthat

haseventsandconstraintsis givenin [24].

Table7.2.1givesthecomparisonof thesomeof theexistingsynchronizationmethods.
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7.2.3 Synchronization Languages

SMIL [88] is a mark-uplanguagefor publishingsynchronizedmultimediapresentations

via the Internet. It is unclearhow the user's input affects the presentation.Marcusand

Subrahmanian[59] considerpresentationcreationdependingon the consecutive queries

andconstraintssubmittedby the user. The userspeci�es how the query resultswill be

presented.



Chapter 8

RuleSync:Robust Flexible

Synchronization Model Using

Synchronization Rules

In this chapter, we introducea synchronizationmodel,termedRuleSync, for management

of robust, consistent,and �e xible presentationsthat include a comprehensive set of in-

teractions. RuleSyncmanipulatessynchronizationrules that are managedby Receiver-

Controller-Actor (RCA) schemewherereceivers,controllersandactorsareobjectsto re-

ceive events,to checkconditionsandto executeactions,respectively.

132
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8.1 Intr oduction

Multimedia presentationmanagementhasdrawn greatattentionin the last decadedueto

new emerging applicationslike video teleconferencing,collaborative engineering,asyn-

chronouslearningandvideo-on-demand.Applicationslikevideoteleconferencingarelive

presentationsanduserinteractionsareusuallylimited in termsof accessingthepresenta-

tion. On the otherhand,applicationslike asynchronouslearningandcollaborative engi-

neeringmay exploit recordedpresentationsandusersmay later accessand interactwith

thesemultimediapresentations.Therehave beenchallengingproblemsconfrontedwhen

multimediapresentationsenableuserinteractionsandaretransmittedovernetworksshared

by many users.Thelossanddelayof thedataover thenetworksrequirea comprehensive

speci�cation of the synchronizationrequirements.The userinteractionsthat changethe

courseof a presentationeither increasethe complexity of the speci�cationor arenot al-

lowed.

Multimedia presentationmanagementresearchstartedwith organizationof streamsthat

participatein thepresentationandVCR-baseduserinteractionsareincorporatedat differ-

entlevelsat thelaterresearch.Initial modelsonly consideredsimpleinteractionslikeplay,

pause,andresume.Flexible modelsdo not enforcetiming constraintsandtemporalorga-

nizationis ratherperformedby relatingeventsin thepresentation.For example,streamA

startsafter (meets)streamB. Thereis no enforcementon mediaclock time like streamB
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hasto endataninstantandat thatinstantstreamA hasto start.Sincetheremaybedelayin

theplayof streamB, to startstreamA afterstreamB brings�e xibility by notenforcingtim-

ing constraints.Speed-upandslow-down operationsareincludedat a laterstagein initial

models.Skip andbackwardinteractionsareableto beincorporatedin time-basedmodels.

Flexible modelscouldnot incorporatethesefunctionalitiessinceit is not clearhow these

interactionsaffect the presentationin thesemodels. Thereareonly few �e xible models

consideringskipoperation.Thesemodelshavesomerestrictionson theapplicationof skip

functionality.

Thefollowing sectionexplainsthesynchronizationrulesby introducingevents,conditions,

andactionsfor multimediapresentations.Section8.3presentsthecomponentsof thesyn-

chronizationmodelwheremiddle-tier, receivers,controllers,actors,andtimelinearecov-

ered.Thelastsectionsummarizesthechapter.

8.2 Synchronization Rules

Synchronizationrulesform the basisof the managementof relationshipsamongthe syn-

chronizationrules. Eachsynchronizationrule is basedon the Event-Condition-Action

(ECA) rule.
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De�nition 8.2.1 A synchronizationrule is composedof an eventexpression,conditionex-

pressionandactionexpression,which canbeformulatedas:

on eventexpressionif conditionexpressiondoactionexpression.

A synchronizationrule canbereadas:Whentheeventexpressionis satis�ed if thecondi-

tion expressionis valid, thentheactionsin theactionexpressionareexecuted.

8.2.1 Events,Conditions and Actions for a Presentation

In amultimediasystem,theeventsmaybetriggeredby amediastream,user, or thesystem.

Eachmediastreamis associatedwith eventsalongwith its dataandit knowswhento signal

events.Wheneventsarereceived,thecorrespondingconditionsarechecked. If acondition

is satis�ed,thecorrespondingactionsareexecuted.

De�nition 8.2.2 Aneventexpressionmanagestherelationshipsamongtheeventsandcan

bede�nedin thefollowing format:

eventExpression = eventExpression && eventExpression

�

eventExpression
���

eventExpression

�

( eventExpression )

�

event;
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De�nition 8.2.3 Aneventis representedwithsource
�

event type�

�

event data�

�

wheresource

pointsthesourceof theevent,event type representsthe typeof theeventandevent data

containsinformationabouttheevent.

The event expressionenablesthe compositionof eventsmay be requiredto trigger ac-

tionsinsteadof a singleevent. Compositeeventscanbecreatedby booleanoperators&&

(AND) and � � (OR).TheAND compositionrequiresall eventsin thecompositionandnot

necessarilyat thesametime.

Thegoalin inter-streamsynchronizationis to determinewhento startandendstreams.The

startandendof streamsdependonmultimediaevents.Thehierarchy of multimediaevents

aredepictedin Fig. 8.2.1.Theuserhasto specifyinformationrelatedto thestreamevents.

Allen [1] speci�es13temporalrelationships.Relationshipsmeets,startsandequalsrequire

the InitPoint event for a stream. Relationships�nishes andequalsrequirethe EndPoint

eventfor astream.Relationshipsoverlapsandduringrequirerealizationeventtostart(end)

anotherstreamin themid of a stream.Therelationshipsbefore andafter requiretemporal

eventssincethegapbetweentwo streamscanonly bedeterminedby time. Temporalevents

maybeabsolutewith respectto a speci�c point in a presentation(e.g. thebeginningof a

presentation).Temporaleventsmayalsoberelativewith respectto anotherevent.

Eventsourcecanbetheuseror astream.Optionaleventdatacontainsinformationlikeare-

alizationpoint. Eventtypeindicateswhethertheeventis InitPoint, EndPoint or realization
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Figure8.2.1:Theeventhierarchy.

if it is astreamevent.Eachstreamhasa seriesof events.Userscanalsocauseeventssuch

asstart,pause,resume,forward,backwardandskip. Theseeventshavetwo kindsof effects

on thepresentation.Skipandbackwardchangethecourseof thepresentation.Othersonly

affect thedurationof thepresentation.In oursystem,evenastreammaybeplayedmultiple

times,eachinstanceof thestreamhasa differentidenti�er. If thereis no userinteraction,

eachevent is signaledonceduring the presentation.An event may be signaledmultiple

timesif userinteractionslike backwardandskipoccur.

De�nition 8.2.4 Theconditionexpressiondeterminesthesetof conditionsto bevalidated

whentheeventexpressionis satis�edandhasthefollowing form:

conditionExpression = conditionExpression && conditionExpression
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�

conditionExpression
� �

conditionExpression

�

( conditionExpression )

�

condition;

De�nition 8.2.5 A conditionin a synchronizationrule is a 3 tupleC � condition
�

t1
�

q
�

t2
�

where q is a relation fromtheset � �

�

�

�

�

�

�

�

�

�

�

�

�

andti is eithera statevariable that

determinesthestateof a streamor presentationor a constant.

A conditionindicatesthestatusof thepresentationandits mediaobjects.Themostimpor-

tant conditionis whetherthe directionof the presentationis forward. The receiptsof the

eventsmatterwhenthedirectionis forwardor backward.Othertypesof conditionsinclude

thestatesof themediaobjects.

De�nition 8.2.6 Theactionexpressionis thelist of theactionsto beexecutedwhencondi-

tion is satis�ed:

actionExpression = action
�

actionExpression;

De�nition 8.2.7 Anactionis representedwithaction type
�

stream�

�

action data�

�

sleeping time
�

where action typeneedsto beexecutedfor streamusingaction data asparameters after

waiting for sleeping time.Action datacanbetheparameterfor speeding, skipping, etc.
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An actionindicateswhat to executewhenconditionsaresatis�ed. Startingandendinga

stream,anddisplayingor hiding images,slidesandtext aresampleactions.For backward

presentation,backwarding is usedto backwardandbackendis usedto endin thebackward

direction. Thereare two kinds of actions: ImmediateAction andDeferred Action. Im-

mediateactionis an actionthat shouldbe appliedassoonasthe conditionsaresatis�ed.

Deferred actionis associatedwith somespeci�c time. Thedeferredactioncanonly start

afterthis sleeping timehasbeenelapsed.If anactionhasstartedandhadnot �nished yet,

thatactionis consideredasalive.

8.3 The Synchronization Model

Themiddle-tieris responsiblefor extractionof synchronizationrules.In thissection,�rstly

therole of themiddle-tieris explainedbrie�y . Theelementsof a multimediapresentation

areexplainedalongwith SMIL expressions.Therule generationfrom SMIL expressions

is coveredwith an example. Receivers,controllers,andactorsarebasiccomponentsof

thesynchronizationmodelandresponsiblefor managementof synchronizationrules.The

presentationtimeline is usedto keeptrackof expectedtime of actions,receiptsof events,

satisfactionof controllers,andactivation of actors. The presentationtimeline is mainly

usedfor userinteractionsthatchangethecourseof thepresentation.
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8.3.1 The Middle-T ier

Themiddle-tierfor multimediasynchronization�rst handlestherulesthatcanbeextracted

from the synchronizationspeci�cation. Synchronizationrequirementsarestoredin rules

sinceeachsynchronizationrule is simple andcanbe processedeasily to generateother

rules.Oncetherulesfrom thespeci�cationareextracted,thesynchronizationrulesfor the

backwardpresentationaregenerated.Theextractedrulesarefed into thesynchronization

model. The synchronizationmodelcontainsa rule managerto managetheserules. The

timelinefor eventsandactionsaregeneratedin casethecourseof thepresentationchanges

after userinteractionslike skip andchangedirection. Whenthe presentationmodulere-

ceivesan event from the useror oneof the streamhandlers,it informs the event andthe

currentconditionof the presentationto the synchronizationmodel. The synchronization

modeldeterminesif any of the rulesaresatis�ed and if a rule is satis�ed it informs the

necessaryactionsto thepresentationmodule.Theframework is shown in Fig. 8.3.1.
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Figure8.3.1:Theroleof middle-tier.
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8.3.2 Elementsof a Multimedia Presentationand SMIL

Thebasiccomponentof amultimediapresentationis astream.In ourmodel,amultimedia

presentationmayhave a containerconsistingof containersor otherstreams.This allows

groupingof streamsandcreationof subpresentations.ThecontainerscansignalInitPoint

andEndPointevents.This meansthat thecontainerinitiatesits presentationandthecon-

tainerendseitheroneor moreof its componentsendor is endedby othercontainersor

streams.

Explicit rulesaregeneratedby processingthesynchronizationspeci�cation. In SMIL 1.0,

thereare two kinds of grouping,parallel and sequential. The beginning of a group is

determinedby aneventsignaledfrom anothergroup,a streamor theuser. If thegroupis

the�rst groupthatis presentedin themultimediapresentation,theusereventUSER(Start)

determinesthebeginningof thepresentation.Theparallelgroupingcorrespondsto thelist

of all actionsthatwill startwhenthegroupstarts.Thus,if theparallelgroupingis like

� par�

� ... id=”id1” ...�

� ... id=”id2” ...� ...

� ... id=”idn” ...�

� /par� ,
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thesynchronizationrule is asfollows:

Rpar : on ... if direction=forward do start(id1)

start(id2)

...

start(idn)

In the sequentialgrouping,the end of a streamtriggersstart of anotherstream. If the

sequentialgroup hasn elements,thereare n-1 rules for the group. Thus, if sequential

groupingis like

� seq�

� ... id=”id1” ...�

� .. id=”id2” ...� ... � ... id=”id(n-1)” � � .. id=”idn” ...�

� /seq�

Thesynchronizationrulesthatwill begeneratedareasfollows:

Rseq1 : on ... if direction=forward do start(id1)

Rseq2 : on id1(EndPoint) if direction=forward do start(id2)

...

Rseq� n
�

1�

: on idn
�

1(EndPoint) if direction=forward do start(idn)
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Noticethatthedirectionis consideredasforwardin theconditionpartsincetheuserspec-

i�es the requirementsfor the forward presentation.If time is associatedwith a startof a

stream(e.g. starta streamafter 2 seconds),time is consideredpart of the action rather

thanpartof theevent. Includingtime in theeventexpressionincreasesthenumberof rules

signi�cantly (i.e. thesameeventmayalsotriggerotheractions).

Figure8.3.2:Samplepresentation.

A samplepresentationis depictedin Fig. 8.3.2. Thereare6 streamelements:A1, A2,

V1, V2, V3 andT1. A1 andA2 areaudioelements.V1, V2, andV3 arevideoelements

andT1 is a text element.Assumethat thepresentationis groupedaccordingto theSMIL

expressiongivenin Fig. 8.3.3.

Therearefour containersin thepresentation:sequentialpresentationof V1 andV2 (SEQ1),

parallel presentationof A1, T1 and SEQ1(PAR1), parallel presentationof A2 and V3

(PAR2) andsequentialpresentationof PAR1 andPAR2 (MAIN). We have the following

synchronizationrulesgiven in Fig. 8.3.4. The event-actionrelationshipsfor PAR1 con-

taineris depictedin Figure8.3.5.
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� seq�

� parendsync=ºlastº�

� audioid=ºA1ºsrc=ºcnn.aiff º/ �

� seq�

� videoid=ºV1ºsrc=ºcnn1.mpvºbegin =º1sº/�
� videoid=ºV2ºsrc=ºcnn2.mpvºbegin =º4sº/�

� /seq�

� text id=ºT1ºsrc=ºleadertitle.htmlºbegin =ºid(V1)(1s)ºdur=º10sº/�

� /par�

� par�

� videoid=ºV3ºsrc=ºcnn3.mpvºbegin =º2sº/�
� audioid=ºA2ºsrc=ºcnn2.aiff º begin=º4sº/�

� /par�

� /seq�

Figure8.3.3:TheSMIL expression.

(F1) on USER(Start) if direction=FORWARD do start(MAIN)
(F2) on MAIN(InitPoint) if direction=FORWARD do start(PAR1)
(F3) on PAR1(InitPoint) if direction=FORWARD do start(A1)

start(SEQ1)
(F4) on SEQ1(InitPoint) if direction=FORWARD do start(V1,1s)
(F5) on V1(InitPoint) if direction=FORWARD do start(T1,1s)
(F6) on V1(EndPoint) if direction=FORWARD do start(V2,4s)
(F7) on V2(EndPoint) if direction=FORWARD do end(SEQ1)
(F8) on (SEQ1(EndPoint)&& A1(EndPoint)

&& T1(EndPoint)) if direction=FORWARD do end(PAR1)
(F9) on PAR1(EndPoint) if direction=FORWARD do start(PAR2)
(F10) on PAR2(InitPoint) if direction=FORWARD do start(A2,4s)

start(V3,2s)
(F11) on (V3(EndPoint)&& A2(EndPoint)) if direction=FORWARD do end(PAR2)
(F12) on PAR2(EndPoint) if direction=FORWARD do end(MAIN)

Figure8.3.4:Forwardsynchronizationrules.
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8.3.3 Receivers,Controllers and Actors

Thesynchronizationmodelis composedof threelayers: the receiver layer, thecontroller

layer, andtheactorlayer(Figure8.3.6).Receiversareobjectsto receiveevents.Controllers

checkcompositeeventsandconditionsaboutthepresentationsuchasthedirection.Actors

executetheactionsoncetheir conditionsaresatis�ed.

De�nition 8.3.1 A receiveris a pair R �

�

e
�

C
�

, where e is theeventthat will bereceived

andC is a setof controller objects.

Receiver R canquestiontheeventsourcethroughits evente. Whene is signaled,receiver

R will receive e. Whenreceiver R receivesevente, it sendsinformationof thereceiptof e

to all its controllersin C. A receiver objectis depictedin Fig. 8.3.7(a).Thereis a receiver

for eachsingleevent.Thereceiverscanbesetandresetby thesystemanytime.

According to the synchronizationrules given in Fig. 8.3.4, thereare 13 receivers for

eachevent speci�ed in the event expression.ThesereceiversareR1: user(START), R2:

MAIN(InitPoint), R3: PAR1(InitPoint),R4: SEQ1(InitPoint),R5: V1(InitPoint),R6: V1(EndPoint),

R7: V2(EndPoint),R8: SEQ1(EndPoint),R9: PAR1(EndPoint),R10: PAR2(InitPoint),

R11: V3(EndPoint),R12: A2(EndPoint)andR13: PAR2(EndPoint).
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Figure8.3.6:Thelayersof thesynchronizationmodel.
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De�nition 8.3.2 A controller is a 3-tupleC �

�

ee
�

ce
�

A
�

where eeis an eventexpression;

ceis a conditionexpression;andA is a setof actors.

ControllerC hastwo componentsto verify, compositeeventseeandconditionsce about

thepresentation.WhenthecontrollerC is noti�ed, it �rst checkswhethertheeventcom-

position condition ee is satis�ed by askingthe receivers of the events. Oncethe event

compositionconditioneeis satis�ed,it veri�es theconditionsceaboutthestatesof media

objectsor thepresentation.After theconditionscearesatis�ed, thecontrollernoti�es its

actorsin A. A controllerobjectis depictedin Fig. 8.3.7(b).Controllerscanbesetor reset

by thesystemanytime.

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

nizationrule. So,wehave12controllers(C1,C2,...,C12)whicharelistedin Fig. 8.3.8.

De�nition 8.3.3 An actor is a pair A �

�

a
�

t
�

where a is an action that will be executed

after timet passed.

OnceactorA is informed,it checkswhetherit hassomesleepingtime t to wait for. If t is

greaterthan0,actorA sleepsfor t andthenstartsactiona. If t is 0, actiona is animmediate

action.If t � 0, actiona is adeferredaction.An actorobjectis depictedin Fig. 8.3.7(c).
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Event Source Event

Controller

Controller

Controller

Notification 
Questioning

RECEIVER

Timer

Receipt

Question

Sending Event

(a)

OR

Receiver

Receiver

Receiver Actor

Actor

AND

CONTROLLER

EVENT EXPRESSION CONDITION EXPRESSION

direction = FORWARD

and

stream is in PLAY state

Notification
Questioning

activation

(b)

Controller Stream

ACTOR

Timer

Notification 
action

execute
action

(c)

Figure8.3.7:(a)A receiver object,(b) acontrollerobject,and(c) anactorobjectobject.
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For thesynchronizationrulesgiven in Fig. 8.3.4,we have oneactorfor eachaction. So,

wehave15actors(A1,A2,...,A15)whicharelistedin Fig. 8.3.8.

8.3.4 Timeline

If multimediapresentationsaredeclaredin termsof constraints,synchronizationexpres-

sionsor rules,the relationshipsamongstreamsarenot explicit. They only keepthe rela-

tionshipsthataretemporallyadjacentor overlapping.Thestatusof thepresentationmust

be known at any instant. In our work, the presentationtimeline objectkeepstrack of all

temporalrelationshipsamongstreamsin thepresentation.

De�nition 8.3.4 A presentationtimelineobject is a 4-tupleT �

�

receiverT
�

controllerT
�

actorT
�

actionT
�

where receiverT, controllerT, actorT, andactionT are timelinesfor re-

ceivers,controllers,actors,andactions,respectively.

The timelinesreceiverT, controllerT, actorT, and actionT keepthe expectedtimes of

thereceiptof eventsby receivers,theexpectedtimesof thesatisfactionof thecontrollers,

the expectedtimesof the activation of the actors,andthe expectedtimesof the startof

the actions,respectively. Sinceskip andbackward operationsareallowed, alive actions,

receivedor not-receivedevents,sleepingactorsandsatis�edcontrollersmustbeknown for

any point in the presentation.The time of actionscanbe retrieved from the presentation
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timelineobject.

Theinformationthatis neededto createthepresentationtimelineis thedurationof streams

andtherelationshipsamongthestreams.Theexpectedtime for thereceiptof realization,

InitPoint, andEndPoint streameventsonly dependon durationof thestreamandthestart

timeof theactionthatstartsthestream.Sincethedurationof astreamis alreadyknown, the

problemis thedeterminationof thestarttimeof theaction.Thestartof theactiondepends

on theactivationof its actor. Theactivationof theactordependson thesatisfactionof the

controller. Theexpectedtimewhenthecontrollerwill besatis�eddependsontheexpected

time whentheeventcompositionconditionof thecontrolleris satis�ed. Algorithms8.3.1

and8.3.2�nd the time of the receiptof an event for a receiver andstart time of actions,

respectively.

Algorithm 8.3.1Time �ndReceiptOfEvent(Receiver R)

eventSource� sourceof evente (of receiver R �

�

e
�

C
�

)
if (eventSource=USERandeventType=START) then

startTime � 0
else

�nd theaction (startor display)for eventSource(stream)
startTime � computestarttimeof action
if (eventtype=END)then

startTime � startTime + durationof thestream
elseif (eventtype=REALIZATION) then

startTime � startTime + realizationtimeof thestream
end if

end if
returnstarttime
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Algorithm 8.3.2�ndStartTimeOfActions()

// Ct : expectedtimeof controllerC
// at : expectedtimeof actiona
for eachcontrollerC �

�

ee
�

ce
�

A
�

do
computeCt
for eachactorActor �

�

a
�

t
�

in A do
at � Ct + t

end for
end for

The expectedtime for �nding the satisfactionof a controller is the expectedtime of the

satisfactionof its eventexpression.Theexpectedtime for thesatisfactionof aneventcom-

positionconditionis handledusingthecompositiontype. In ourmodel,eventscanbecom-

posedusing&& and � � operators.Assumethatev1 andev2 aretwo eventexpressionswhere

time
�

ev1
�

andtime
�

ev2
�

givetheexpectedtimesof satisfactionof ev1 andev2, respectively.

Then,theexpectedtime for compositeeventsis foundaccordingto thepredictive logic for

WBT (will becometrue)in [12]:

time
�

ev1 && ev2
�

� maximum
�

time
�

ev1
� �

time
�

ev2
� �

time
�

ev1 � � ev2
�

� minimum
�

time
�

ev1
� �

time
�

ev2
� �

wheremaximumandminimumfunctionsreturn the maximumandminimum of the two

values,respectively. The presentationtimeline for receivers, controllers,and actorsfor

synchronizationrulesgiven in Fig. 8.3.3arelisted in Fig. 8.3.8. On top of the �gure the

receivers,thecontrollersandtheactorsfor thepresentationarelisted. Thefour timelines
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Figure8.3.8:Thepresentationtimeline.

areshown at thebottomside. Thereceiversandcontrollersareorderedaccordingto their

expectedsatisfactiontime. Only actorsthat have a sleepingtime greaterthan0 aredis-

played. The nameof the actorshows its activation (sleepingtime) andunderlinedactor

shows the endingof sleepingtime. The actionsarealsodisplayedin the sameway. The

nameof thecontaineror thestreamshows its startingtime andif it is underlinedit shows

theendingtime. At a time instant,if a streamor a containerhasthesamestartingtime as

its container, themaincontaineris shown in thepresentationtimeline.
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8.4 Summary

TheRuleSyncsynchronizationmodelis developedto supporttheNetMedia[108] system,a

middlewaredesignstrategy for streamingmultimediapresentationsin distributedenviron-

ments.Thesynchronizationis handledby synchronizationrulesbasedonevent-condition-

action(ECA) rules.Themiddle-tieris responsiblefor extractionandpreprocessingof rules.

Thesynchronizationrulescanalsobeextractedfrom SMIL expressions.



Chapter 9

User Interactions

Speci�cationasin SMIL usuallyconsidersforwardpresentationwithoutconsideringinter-

actionsthatchangethecourseof thepresentationlike backwardandskip. Also, manage-

mentof the presentationconstraintsbecomesharderwhenthe courseof the presentation

changes.This chapteris organizedasfollows. The following sectionexplainshow basic

VCR userinteractionsareperformed.Section9.2explainhow skip interactionsis handled.

Section9.3discusseshow backwardinteractionis managed.

156
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9.1 BasicUser Interactions

Thesupportof VCR functionssuchasplay, pause,resume,forward (fastor slow), back-

ward (fastor slow) andskip strengthensthe browsing andaccessof multimediapresen-

tations. Event-basedmodelscan handleplay, pause,resume,speed-up,andslow-down

operationseasierthantime-basedmodels.Time-basedmodelsneedto updatetheduration

and start time of all the objectsthat participatein the presentationfor the pre-speci�ed

operations.In event-basedmodels,theseinteractionsonly needto inform active streams.

In our case,the time is connectedto actors. The speedof the presentationis 1 in nom-

inal presentation. If the speedis greaterthan 1, it is a fast-forward operation. If the

speedis lessthan 1 but greaterthan 0, it is a slow-forward operation. If the speedis

negative, it is a backwardoperation.Whenanactoris noti�ed, it only needsto sleepfor

�

sleepingTime
�

� �

� speedOf Presentation �

�

. Speedingupor slowing down only requiresthe

updateof thespeedof thepresentation.

9.2 Skip Operation

A multimediapresentationhasalifetime. Theuserinteractionslikeskipor changingdirec-

tion (backwardingwhenplayingforwardor viceversa)needto behandledcarefully. When

skip-forwardis performed,someeventsmaybeskippedthatmaycauseignoranceof future
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streamsthatdependon thereceiptof theseevents.Theproblemcanbesolvedby usingthe

timelineof thepresentation.In thetimelineobject,theexpectedtimeof thereceiptof each

eventandthesatisfactionof eachcontrolleris known. Therefore,it is known whenevents

shouldhave beenreceived and when the controllersshouldhave beensatis�ed by trac-

ing the time-trackersof the timeline. It is not alwaysreasonableto starttheactorswhose

controllersaresatis�ed, sincetheir actionsmustalreadyhave �nished (to avoid restartof

actions). So, only the actionsthat will be active at the skip point arestartedfrom their

correspondingpoints.Theactorswhosesleepingtimehasnotexpiredareallowedto sleep

for theremainingtime.

For example,if askip is requestedto themid (12seconds)of thepresentationthatis shown

in Fig. 8.3.3,thetimelineis followedin Fig. 8.3.8.ReceiversR2,R3,R4,R5,R6,R7,R8,

R9andR10areassumedto receive theirevents.ReceiversR11,R12andR13areassumed

that they did not receive their events. ControllersC2, C3, C4, C5, C6, C7, C8, C9, and

C10areassumedto besatis�ed. C11andC12areassumedto benot satis�ed. A satis�ed

controllercannotnotify its actors. It is assumedthat it alreadynoti�ed its actors.At the

middlepoint, thereis no sleepingactor. TheactorsA11 andA12 areactivated.So,all the

actorsshouldbe setto their original time. MAIN containershouldbe active sinceit has

elementsthatarestill active. V1, T1, V2 andA1 shouldbeidle. PAR1 shouldbeidle too.

PAR2 shouldbesetto its InitPoint sothat it canstartthestreamsthat it contains.V3 and

A2 mustalsobeidle.
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9.3 Backward Presentation

If the directionof the presentationis modi�ed, thenreceiver conditions,controllers,and

actorsstill needto beupdated.For example,if thedirectionis convertedfrom forwardto

backward, the eventsthat have beenreceived areassumedto have not beenreceived and

theeventsthatwould have beenreceived latershouldbesetso that theearlieractions(in

nominalpresentation)canstartagain.

In our system,the event compositionandotherconditionsfor the backward presentation

are automaticallyderived from the declarationof the rules of the forward presentation.

So, the authordoesnot have to considerthe backward presentationor skipping,andthis

alleviatesthespeci�cationof thepresentationsubstantially. It isdesirablethatthebackward

synchronizationrulesarecompliantwith theforwardpresentation.Authorsusuallyspecify

therelationshipsamongstreamsfor somespeci�c reasons.Wecall thesereasonsas author

properties. AssumeA andB arestreams;C is a container;andev1 andev2 areeventsin a

presentation.The authorpropertiescanbelistedasfollows:

Author Property 9.3.1 DependencyIf A participatesin starting B, B can be usedfor

backwarding A. In this case, there is a dependencybetweenA and B. If streamsA and

B arenotoverlapping, dependencypropertyis used.

Author Property 9.3.2 Master-Slave If A in�uencesB by starting or ending, the author
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consideredA asa masterstreamover B. A shouldbemasterat this point in thebackward

direction.If A andB areoverlapping, master-slavepropertyis used.

Author Property 9.3.3 Hierarchy If C startsits elements,theendof its elementswill par-

ticipate in endingC in the backward direction. A containerendswhenall elementsare

played.

ev2 ev1

ev1 ev2

action

action

time

Figure9.3.1:Co-occurrence.

Author Property 9.3.4 Co-occurrenceIf (ev1 && ev2) in�uencesaction, their co-occurrence

is effectivein theforward direction.Thatis, theactionwill takeplaceafterbotheventsare

signaled(Fig. 9.3.1).Theactionshouldbeterminatedwhenoneof theeventsis signaledin

thebackward direction(Fig. 9.3.1). Thiscorrespondsto self-occurrencein thebackward

direction.
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ev1ev2

ev1 ev2action

time

action

Figure9.3.2:Self-occurrence.

Author Property 9.3.5 Self-occurrenceIf (ev1 ���

ev2) in�uencesaction, their self-occurrence

is effectivein theforward direction.Thatis, theactionwill takeplaceafteroneof theevents

is signaled(Fig. 9.3.2).Theactionshouldbeterminatedwhenbotheventsare signaledin

the backward direction(Fig. 9.3.2). This correspondsto co-occurrencein the backward

direction.

Author Property 9.3.6 RealizationA � realization � P� correspondsto therealizationevent

of P. P is an ascendingnumberfor a streamduring forward presentation.In a video,it

correspondsto whenframeP is displayed. If A � realization � P� in�uencesB in forward

direction, then realizationof P � 1 is important for B in the backward direction. This

correspondsto theendof playingP.

The following logic is usedfor thegenerationof the backward presentationbasedon the
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Figure9.3.3:Forward-backwardrelationshipswithout time.
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previousauthorproperties. Therelationshipsaredepictedin Fig. 9.3.3.

� EndPoint-Start Relationship. If the endof A participatesin startingB, whenB

reachesits beginningin thebackwardpresentation,it will participatein startingA in

thebackwarddirection (Dependencyproperty).

� EndPoint-End Relationship. If theendof A participatesin endingB, whenA starts

in thebackwarddirection,it will participatein startingB in thebackwarddirection

(Master-Slaveproperty).

� InitP oint-End Relationship. If thestartof A participatesin endingB, whenA ends

in thebackwarddirection,it will participatein startingB in thebackwarddirection

(Master-Slaveproperty).

� InitP oint-Start Relationship. If thestartof A participatesin startingB, whenA ends

in the backward direction,it will participatein endingB in the backward direction

(Master-SlaveRule). If thestartof containerC startsits elements, whenits elements

reachtheir beginningin thebackwardpresentation,they will participatein endingC

in thebackwarddirection(Hierarchyproperty).

� InitP oint and EndPoint Events in CompositeEvents. If an InitPoint eventor an

EndPointeventexistsin acompositeevent,they aretreatedindividually whetherthe

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

� Realization-Start Relationship. The realizationpointsaremonotonicallyincreas-

ingwithin astream.If A
�

realization
�

P
�

participatesin startingB, thenA
�

realization
�

P �

1
�

will participatein endingB in thebackwardpresentation.At �rst sight it seems

thatP shouldcausetheendof B which is not true. Considerthepresentationof an

imagealongwith slides. Eachslide hasa durationof 1 minute. The imageis dis-

playedwhenthesecondslideis displayed.On thetimeline,thedisplayof theimage

will beat thebeginningof the2nd minute.Theimagemustbeclosedwhenthe�rst

slideis displayedin thebackwardpresentationandmustbevisibleduringthesecond

slide (Realizationproperty).

� Realization-End Relationship. Assumethat the realizationpoint is P again. If

A
�

realization
�

P
�

participatesin endingB, thenA
�

realization
�

P � 1
�

will participate

in startingB in thebackwardpresentation(Realizationproperty).

� RealizationEventsin CompositeEvents.LetA
�

realization
�

P1
�

andB
�

realization
�

P2
�

berealizationeventsfor streamsAandB. If
�

A
�

realization
�

P1
�

&& B
�

realization
�

P2
� �

causessomeactionsin theforwardpresentation,A
�

realization
�

P1
� 1

�

� � B
�

realization
�

P2
�

1
�

will causeactionsin thebackwardpresentation.Becausetheactionsbecomeac-

tive whenbothof theeventsarerealizedin theforwarddirection,theactionsshould

be active as soonas one of the events is realizedin the backward direction. In
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this way, the integrity andthe consistency of the presentationcanbe protected.If

�

A
�

realization
�

P1
�

� � B
�

realization
�

P2
� �

causessomeactionsin theforwardpresen-

tation,
�

A
�

realization
�

P1
� 1

�

&& B
�

realization
�

P2
� 1

� �

will causeactionsin the

backwardpresentation(Co-occurrenceandself-occurrenceproperties).

9.3.1 Managementof Time in Backward Presentation

Themanagementof timerelationshipsfor backwardpresentationmayintroducesomeam-

biguities. Theseambiguitiescanbe solved by correctingthe speci�cationor makingas-

sumptionson the speci�cations. Figure9.3.3depictsthe relationshipsthat includetime.

EndPoint-StartandEndPoint-Endrelationshipscanbeconvertedto backwardrelationships

asshown in Figure9.3.3. BackwardingInitPoint-StartandInitPoint-Endrelationshipsis

not easyto handle. We denotedtime with t � for backward presentationif thereis ambi-

guity. In fact, t � shouldbe equalto t. However, it is hardto satisfy this equality in the

backwardpresentation.So,we will �rst explain theambiguityandthenproposea solution

usingrealizationevents.

Thereis ambiguityin usingtimein theliteratureandin synchronizationmodels.Assumea

videostreamhasdurationof 10 seconds.Thequestionis whetherexpressions“7 seconds

after the beginning” and“3 secondsbeforethe end” areequivalentor not. In a network,

the presentationof a video streammay have differentdurationsdueto delayandlosson
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Figure9.3.4:Forward-backwardrelationshipswith time.
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the network. It is even harderto �gure out when the video will end if the datahasnot

arrived yet. In the speci�cation, this may be consideredequivalent. The authorusually

usestime becauseof its simplicity. In mostcases,this kind of usagecorrespondsto the

realizationevent. This shouldbecleareitherby default by thespeci�cationor shouldbe

statedexplicitly. Theexpression“7 secondsafter thebeginning” oftenmeans“7 seconds

after thebeginning in nominaldisplay”. Thus,in this one,it is 70%of thevideostream.

This clari�cation shouldbemadefor the forwardpresentationso thatbackwardrulescan

beconvertedusingrealizationevents.AssumevideosV1 andV2 areplayedat 30 frames

persecond.If V2 hasto beplayed1 minuteafterV1 starts,this requirementis converted

to “V2 hasto bestartedafter frame1800of V1 is played”. In thebackwardpresentation,

V2 shouldbeterminatedwhenframe1799of V1 is playedto make it consistentwith the

forwardpresentation.

Therearetwo waysto handletheEndPoint-Endrelationshipwith time for backwardpre-

sentation.AssumestreamAandstreamBbothhavedurationof 5secondsat30frames/second

andt is 1 second.StreamA canbebackwarded1 secondafterstartingbackwardingstream

B. If they areoverlapping,a realizationevent canbe usedinsteadof time. In this case,

streamA canbebackwardedafter frame119of streamB is displayedin thebackwarddi-

rection. Frame120 is displayedafter1 seconddisplayof streamB in nominalbackward

presentation.A realizationevent is signaledat frame 119 insteadof frame 120 due to

realizationeventproperty. Thesamecaseappliesfor theInitPoint-Endrelationship.
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Figure9.3.5:Ambiguity in relationshipswith time.

Theproblemis evenclearerwhenrealizationeventsareusedwith actionshaving time. We

believe that if anactionhappensbasedon a time instantreferringto a realizationpoint, it

doesnotmakemuchsense.For example,videoV2 shouldbestarted10secondsafterframe

1800of V1 is played.In thebackwardpresentation,thereferencepoint to startcounting10

secondsbeforereachingframe1799of V2 is dif�cult to estimate.Thein�uencing stream

(V1) alreadyplays,andtherealizationpointmaybemovedto anew point insteadof using

time.

Time shouldbe usedif the referringstreamhasalreadyended.Thereis no otherchoice

in this case.EndPoint-Startrelationshipis anexampleto this. EndPoint-Endrelationship

mayutilize realizationeventin thebackwarddirection,sincethey areoverlapping.

If thereis acaselikein Figure9.3.5whereaneventstartsmany otherstreamswith different

startingtimes,thebackwardingof A is notclearsinceB andC maynot �nish backwarding

at theexpectedtimes.WesuggestthatstreamA maybebackwardedafterminimum
�

t1
�

t2
�

afterB andC �nish backwarding.
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The synchronizationrequirementsneedto be speci�ed moreaccurately. If two streams

areoverlappingandtime-basedrelationshipbetweenthemis speci�ed, it hasto bedistin-

guishedfrom a realizationevent. For backwardpresentation,it is favorableto userealiza-

tion eventsfor forwardpresentationif possibleinsteadof time. Whatever synchronization

rulesaregeneratedfor thebackwardpresentation,theauthormayhavedifferentbackward

presentation.Theauthorshouldalwaysbeallowedto updatetherules.

9.3.2 Synchronization Rulesfor Backward Presentation

Eachforwardsynchronizationruleisprocessedtogeneratebackwardsynchronizationrules.

Theeventsin theeventexpressionandtheactionsin theactionexpressionareextractedto

determinetherelationshipsgivenin theprevioussubsections.

In our system,InitPoint andEndPointeventshave dualactionsin thebackwardpresenta-

tion. Thedualactionsfor InitPoint andEndPointis backendandbackward, respectively.

In the backward direction,InitPoint andEndPointeventsaresignaledwhenbackendand

backward actionsareperformed,respectively. The actionsstart andendalsohave dual

events. The dual events for start and end actionsare InitPoint and EndPoint,respec-

tively. Actionshavealsodualactions.Theactionsstartandendhavedualactionsbackend

andbackward, respectively. Conditionshave alsodual conditions. The condition(direc-

tion=BACKWARD) is thedualconditionfor (direction=FORWARD).
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We will give exampleson how backward synchronizationrules in Figure9.3.6aregen-

eratedfrom forward synchronizationrules in Figure8.3.4. The synchronizationrule F1

declareswhat to do when the userstartsthe presentation.Therewill be a correspond-

ing rule for the backward presentation.This rule (B1) determineswhat to do when the

userbackwards the presentationfrom the end. For user(START) event in F1, there is

user(BACKWARD) event in B1. The actionis backward(MAIN) in B1 for start(MAIN)

actionin F1.

Thesynchronizationrule F2 hasanInitPoint eventanda startaction.This correspondsto

anInitPoint-Startrelationship.MAIN is thecontainerof PAR1 andbackwardrule will be

generatedusingthehierarchy rule. Thedualevent for start actionis InitPoint. Theevent

expressionwill bePAR1(InitPoint).Theactionexpressionwill bebackend(MAIN).All the

conditionexpressionswill bedirection=BACKWARD. Thecorrespondingbackwardrule is

B2 for F2. Thesynchronizationrule F4 alsocontainsa similar relationshipbut with time.

SinceV1 starts0.5secondsafter thebeginningof SEQ1in F4, thetime is includedin the

actionexpressionof B4 asbackend(SEQ1,0.5s).

F3 hastwo InitPoint-Startrelationships.Sincetherearetwo start actions(start(A1)and

start(SEQ1)),therewill be two eventsin the event expressionof the backward rule. The

eventexpressionwill beSEQ1
�

InitPoint
�

&& A1
�

InitPoint
�

. Theeventsarecomposedus-

ing AND compositionto ensurethat both actionscompletetheir executions. Whenever



CHAPTER9. USERINTERACTIONS 171

dualeventsaregeneratedfrom actionexpression,theseeventsarecomposedusingAND

composition.BecauseAND compositionis stricterthanOR composition,AND composi-

tion is preferred.Thereis no authorrule aboutthecompositionof dualevents.Theaction

expressionwill only have backend(PAR1)dueto InitPoint eventin F3. Thecorresponding

backwardrule is B3. F10containsanInitPoint-Startrelationship,which causesambiguity

in thebackwardrulegeneration.A2 andV3 start2 secondsand1 secondlaterthanPAR2,

respectively. Theminimumof 2 secondsand1 secondis 1 second.Therefore,theactionin

B10will bebackend(PAR2,1s).

F5 hasan InitPoint-Startrelationshipwith time. This relationshipis handledusing the

master-slave rule,sinceV1 is not thecontainerof T1. Thetimewill beassociatedwith the

actionin thebackwardrule B6. This backwardrule is generatedusinga realizationevent.

SinceT1 is theslavein F5,it will alsobetheslavein thebackwardrule. TheInitPointevent

is convertedto arealizationevent.TheeventexpressionbecomesV1(realization,0.5s)and

theactionexpressionbecomesbackend(T1).

F6containsanEndPoint-Startrelationshipwith time. Theeventexpressionwill beV2(InitPoint)

andtheactionexpressionwill bebackward(V1,2s)in backwardrule B6. F9 alsocontains

anEndPoint-Startrelationshipasin F6but withouttime. Therewill benotimein theaction

expressionof B9.

F7containsanEndPoint-Endrelationship.Thedualeventfor actionend(SEQ1)isSEQ1(EndPoint)
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andthedualactionfor eventV2(EndPoint)is backward(V2).F8alsocontainsanEndPoint-

EndrelationshipandthebackwardruleB8 is generatedin thesameway. F8 is relatedwith

the terminationof PAR1 andits elements.It has3 EndPoint-Endrelationships.In nom-

inal presentation,the elementsof PAR1 (A1, SEQ1,andT1) endat differenttimes. The

timeswhenPAR1 andits elementsendcanbe detectedfrom the timeline (Figure8.3.8).

A1 endsat3 secondsandPAR1 endsat 6 seconds.A1 will bebackwardedafter3 seconds

after beginning backwardingPAR1. F11 containstwo EndPoint-Endrelationships.The

dual event for actionend(PAR2) is PAR2(EndPoint).The dual actionsfor V3(EndPoint)

andA2(EndPoint)arebackward(V3)andbackward(A2). However, in theforwardpresen-

tationV3 ends4 secondsearlier. Thedifferenceis addedto theactionpartastime. Thus

the actionswill be backward(V3,4s)and backward(A2). F12 is anotherexampleof an

EndPoint-Endrelationship.
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(B1) on user(BACKWARD) if direction=BACKWARD do backward(MAIN)
(B2) on PAR1(InitPoint) if direction=BACKWARD do backend(MAIN)
(B3) on (SEQ1(InitPoint)&& A1(InitPoint)) if direction=BACKWARD do backend(PAR1)
(B4) on V1(InitPoint) if direction=BACKWARD do backend(SEQ1,1s)
(B5) on V1(Realization,1s) if direction=BACKWARD do backend(T1)
(B6) on V2(InitPoint) if direction=BACKWARD do backward(V1,4s)
(B7) on SEQ1(EndPoint) if direction=BACKWARD do backward(V2)
(B8) on PAR1(EndPoint) if direction=BACKWARD do backward(A1,6s)

backward(SEQ1)
backward(T1)

(B9) on PAR2(InitPoint) if direction=BACKWARD do backward(PAR1)
(B10) on (V3(InitPoint)&& A2(InitPoint)) if direction=BACKWARD do backend(PAR2,2s)
(B11) on PAR2(EndPoint) if direction=BACKWARD do backward(A2)

backward(V3,8s)
(B12) on MAIN(EndPoint) if direction=BACKWARD do backward(PAR2)

Figure9.3.6:Backwardsynchronizationrules.
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9.4 Summary

The backward rulesaregeneratedautomaticallybasedon author propertiesandforward

presentation. In this chapter, not only forward temporalrelationshipsare convertedto

reversetemporalrelationshipsbut also the relationshipsbetweeneventsand actionsare

consideredfor backwardpresentation.



Chapter 10

Model Checkingof the Synchronization

Model

Themodelingandveri�cation of �e xible andinteractive multimediapresentationsareim-

portantfor consistentpresentationsover networks. Therehasbeenqueryinglanguages

proposedwhetherthe speci�cation of a multimediapresentationsatisfy inter-streamre-

lationships. Sincethesetools arebasedon the interval-basedrelationships,they cannot

guaranteethe veri�cation in real-life presentations.Moreover, the userinteractionsthat

changethe courseof the presentationlike backward and skip are not consideredin the

presentation.It is very crucial whetherthe modelsatis�esthe requirementsof the multi-

mediaauthor. AlthoughtherehavebeenconceptualmodelsproposedusingPetri-Nets,it is

175
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very dif�cult for anordinaryauthordesignPetri-Netsandverify therequirements.Using

PROMELA/SPIN,it is possibleto verify thetemporalrelationshipsbetweenstreamsusing

ourmodelincludinguserinteractionsthatchangethecourseof thepresentation.Sincethe

modelconsidersthe delayof data,the authoris assuredthat the requirementsarereally

satis�ed.

A multimediapresentationis apresentationof multimediastreamsin asynchronizedfash-

ion. Therehave beenmodelsproposedfor the managementof multimediapresentations.

Thesynchronizationspeci�cationlanguageslikeSMIL [88] havebeenintroducedto prop-

erly specifythesynchronizationrequirements.Multimediaquerylanguagesaredeveloped

to checktherelationshipsde�ned in thespeci�cation[42]. Thesetoolscheckthecorrect-

nessof thespeci�cation. However, somesynchronizationtoolshave somelimitationsand

donotsatisfyall therequirements.Thepropertiesthatarespeci�edin thespeci�cationmay

not besatis�ed by thesynchronizationtool. Moreover, thespeci�cationdoesnot include

userinteractions.Thepreviousquery-basedveri�cation techniquescannotverify whether

thesystemis really in aconsistentstateafterauserinteraction.

Therearealsoveri�cation tools to checkthe integrity of multimediapresentations[66].

Theuserinteractionsarelimited andinteractionslikebackwardandskipareignored.This

kind of interactionsis hardto model. ThePetri-Netsarealsousedto verify thespeci�ca-

tion of multimediapresentations[73]. But Petri-NetmodelingrequiresimmensePetri-Net
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modelingfor eachinteractionpossible. Authors usually do not have much information

aboutPetri-Nets.

Themostcommonmethodsfor veri�cation of �nite-state concurrentsystemsaresimula-

tion, testing,anddeductive reasoning.It is not possibleto considerall thecasesin simu-

lation andtesting. If thereis a severeproblem,it mayevenbecostly to verify by testing

andsimulation.Deductivereasoningusuallyrequiresexpertsto verify andevensometimes

they maynot beableto verify. Themajoradvantagesof modelcheckingarethat it is au-

tomaticandusuallyfast.Thecounterexamplesareproducedby themodelcheckingtools.

Webelievethatmultimediamodelsshouldconsidermodelchecking�rst beforeimplemen-

tationof therealsystem.We usePROMELA [45] asthespeci�cationlanguageandSPIN

[44] astheveri�cation tool. Thesetoolsarepublicly availableandLinearTemporalLogic

(LTL) formulascanbeveri�ed. Theconversionof rulesto PROMELA is brie�y explained

in [10].

PROMELA/SPINis apowerful tool for modelingandveri�cation of softwaresystems[44].

SincePROMELA/SPIN tracesall possibleexecutionsamongparallel runningprocesses,

it providesa way of managingdelay in the presentationof streams.In this chapter, we

discussthepropertiesthatshouldbesatis�edfor amultimediapresentation.Weanalyzethe

complexity introducedby userinteractions.Theinteractionsthatchangethecourseof the

presentationlike backwardandskip arealsoinvestigated.Theexperimentsareconducted
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for parallel,sequential,andsynchronizedpresentations.

Model checkingconsistsof threephases:modeling,speci�cation,andveri�cation. In our

system,the user, the userinterface,streams,containers,receivers,controllersandactors

have to be modeled�rstly . In the modelingphase,the modelshouldbe kept simpleand

avoid unnecessarydetails. The unnecessarydetailsincreasethe amountof computation

for veri�cation. More importantlythey maycausefalseresults.Therefore,we make some

abstractionsto ensurethecorrectnessof themodel.Themajorcomponentsof themodelare

events,conditions,actions,receivers,controllers,actors,thepresentationandthestreams.

Theabstractionis performedon thestreamsandtheuserinterface.

This chapteris organizedas follows. The modelingand speci�cation are explainedin

Section10.1and10.2,respectively. Section10.3reportsour experimentsandanalysison

modelchecking.Section10.4summarizesthechapter.

10.1 Modeling

10.1.1 Presentation

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

states(Fig. 10.1.1(a)). Thepresentationis initially in theIdle state.Whentheuserclicks
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START button,thepresentationentersthePlaystate.ThepresentationenterstheEndstate,

whenthepresentationendsin theforwardpresentation.ThepresentationenterstheInitial

statewhenit reachesits beginning in the backward presentation.The usermay quit the

presentationat any state. Skip canbe performedin play, forward,backward, initial, and

endstates.If theskip is clicked in thePlay, Forward,andBackwardstates,it will return

to thesamecurrentstateafterskip unlessskip to theInitial or Endstateis not performed.

Therefore,if the stateis Play beforeskip, the statewill be after skip. If the presentation

stateis in theEndstateor in theInitial state,skip interactionwill put into thepreviousstate

beforereachingthesestates(Fig. 10.1.1(b)). Thepresentationchangesstatesastheuser

clickson thebutton.Themostimportantstatevariableof thepresentationis thedirection.

10.1.2 Containersand Streams

A containermayenterfour states.It is in IdlePointstateinitially. Oncestarted,acontainer

is at InitPoint statein which it startsthecontainersandstreamsthat it contains.After the

InitPoint state,a containerentersits RunPointstate.In RunPointstate,a containerknows

that it hassomestreamsthat arebeingplayed. Whenall the streamsit containsreaches

to their endor whenthecontaineris noti�ed to end,it stopsexecutionof thestreamsand

signalsits endandthenentersidle stateagain. In the backward presentation,the reverse

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

(b)

Figure10.1.1: Thepresentationstates,(a)generalstatetransitions(b) statetransitionsfor
skip.
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(a)

(b)

Figure10.1.2: (a)Containerstates(b) streamstates
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A streamis similar to thecontainer. Sincethenumberof statesgrows exponentially, some

abstractionshave to bemadeonmodelingastream.Sinceweareinterestedin inter-stream

relationships,thepointsthataffect theinter-streamrelationshipsareconsidered.Fromthe

modelingpoint of view, if the displayingor playing a speci�c segmentof a streamdoes

not affect the playoutof the presentation,thereis no needto handleeachsegmentof the

stream.Thestreamsonly affect themodelby theeventsthataretriggeredby thestreams.

The(dis)playof astreamelementis in themodelif it triggersanevent. If avideostreamhas

100frameswithout anevent for a frame,displayinga frameat aninstantis not important

if it doesnot triggeranevent.Theslow displayof framescorrespondsto adelayin playing

thestream.

If astreamdoesnotsignalany eventexceptits startandend,thestreamentersthesamefour

statesasacontainer. If astreamhastosignalanevent,anew stateisaddedtoRunPointstate

perevent.Soafterthestreamsignalsitsevent,it is still in theRunPointstate(playingmode)

(Fig. 10.1.2(b)). Sincetherealizationfor backwardpresentationis alsoconsidered,there

is anotherevent (alsostate)for thebackwardpresentation.In this sense,eachrealization

event addstwo states.Oneis usedfor forward presentationandthe otheris usedfor the

backwardpresentation.Thefollowing is aPROMELA codefor playingastream.

1 proctype playStream (byte stream)
�

2 #if (FC==3 || FC==4 || FC==5 || FC==6)

3 progressIdleStreams:
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4 #endif

5 do

6 #if FC!=4

7 :: atomic
�

(eventHandled && getState() == RUN) &&

8 (getStream(stream) == InitPoint) ->

9 printf("Starting stream %d",stream);

10 setStream(stream, RunPoint);

11 if

12 :: (stream==A1)->timeIndex=1;

13 :: else -> skip;

14 fi; �

15 :: atomic
�

(eventHandled && getState() == RUN) &&

16 (getStream(stream) == RunPoint) ->

17 printf("Playing stream %d",stream);

18 setStream(stream, EndPoint); �

19 :: atomic
�

(eventHandled && getState() == RUN) &&

20 (getStream(stream) == EndPoint) ->

21 to end: printf("Ending stream %d",stream);

22 setStream(IdlePoint);

23 signalEvent(stream,EndPoi nt ) �

24 #endif

25 #if (FC!=3 && FC!=5 && FC!=6)

26 :: atomic
�

(eventHandled && getState() == BACKWARD)&&

27 (getStream(stream) == InitPoint) ->
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28 to init: printf("Ending backwarding stream %d",stream);

29 setStream(IdlePoint);

30 signalEvent(stream,InitPo in t); �

31 :: atomic
�

(eventHandled && getState() == BACKWARD)&&

32 (getStream(stream) == RunPoint) ->

33 printf("Playing stream %d backward",stream);

34 setStream(stream, InitPoint); �

35 :: atomic
�

(eventHandled && getState() == BACKWARD)&&

36 (getStream(stream) == EndPoint) ->

37 to backward: printf("Backwarding stream %d",stream);

38 if

39 :: (stream==A1)->timeIndex=1;

40 :: else -> skip;

41 fi;

42 signalEvent(stream,EndPoi nt );

43 setStream(stream,RunPoint ); �

44 #endif

45 :: atomic
�

(eventHandled && getState() == QUIT) ->

46 to playStream quit: goto playStream quit; �

47 :: else -> skip;

48 od;

49 playStream quit: skip;

50 �



CHAPTER10. MODEL CHECKINGOFTHE SYNCHRONIZATION MODEL 185

The #if directivesareusedfor hard-codedfairnessconstraints.Therearethreestatesfor

forwardandbackwardpresentation.Thecasesat lines7, 14 and15 correspondto forward

presentation.Thecasesatlines26,31and35correspondto thebackwardpresentation.The

caseat line 45 is requiredto quit theprocess.Theelsestatementat line 49 correspondsto

IdlePointstate.Streamssignaleventsasthey reachto thebeginningandend(lines23 and

30). The variableeventHandledis usedto checkwhetherthe systementersa consistent

stateafter a userinteraction. The atomiccommandenablesexecutionof statementsin a

singlestepthusreducesthe complexity andincreasessafety. The checkingandupdating

the streamstatehasto be performedin a singlestepsincethe streamstatemay alsobe

updatedby thesystemafteranuserinteraction.Labelslike to init, to end,playStreamquit

areaddedto createLTL formulasrelatedwith thesepointsof thepresentation.PROMELA

mayproceedto any stateseparatedwith :: in a do loop.

10.1.3 Receivers,Controllers and Actors

A receiver is set when it receives its event. As long as there is no user interaction,a

receiverwill stayat thisstatefor therestof thepresentation.Thusacontrollerthatrequires

a receiptof this event can be satis�ed later. When a controller is satis�ed, it activates

its actors. And to disablethe reactivation of the actors,the controller is reset. An actor

is either in idle or running stateto start its action after sleeping. Onceit wakes up, it
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startsits actionandentersthe idle state. The following is a codefor receiver de�nition

(lines 51-52),controllersatisfaction(lines 54-59)andactoractivation (lines 61-64). The

expression“receivedReceiver(receiver Main INIT)” (line 52)correspondsto thereceiptof

theeventwhenthemaincontainerstarts.Theexpression“setActorState(...,RUN POINT)”

activatestheactors(line 58-59).Theexpression“activateActor(actorMain START)” (line

63)elapsesthetimeandtheactionfollows (line 64).

51 #define Controller Main STARTCondition

52 (receivedReceiver(receiver Main INIT) && (direction==FORWARD))

53

54 :: atomic � (eventHandled

55 && !(satisfiedController(controller Main START))

56 && Controller Main STARTCondition) ->

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 userinterfaceprovidesseven buttons: START, PLAY, PAUSE,FORWARD, BACK-

WARD, SKIP, andQUIT. Eachbuttonmayentertwo statesin themodel.A buttonis either

in enabledor disabledstate. As the presentationchangesstates,the statesof the buttons

maychange.Fig. 10.1.1showsthepossiblestatetransitionswith enableduserinteractions.

Theuserinterfaceis basedon themodelpresentedat [22].

For example,if askip is requestedto themid (12seconds)of thepresentationthatis shown

in Fig. 8.3.2,the timeline is followed in Fig. 8.3.8. ReceiversR2, R3, R4, R5, R6, R7,

R8, R9, andR10 areassumedto receive their events. ReceiversR11, R12, andR13 are

assumedthat they did not receive their events. ControllersC2, C3, C4, C5, C6, C7, C8,

C9, andC10 areassumedto be satis�ed. C11 andC12 areassumedto be not satis�ed.

A satis�ed controllercannotnotify its controllers. It is assumedthat it alreadynoti�ed

its actors. At the middle point, thereis no sleepingactor. The actorsA11 andA12 are

activated.So,all theactorsshouldbesetto their original time. MAIN containershouldbe

setto runningpoint. V1, T1, V2, andA1 shouldbeidle. PAR1 shouldbeidle too. PAR2

shouldbe set to its InitPoint so that it canstart the streamsthat it contains. V3 andA2

shouldalsobesetto theIdlePoint.

Therearein�nite numberof skipsthatcanbeperformedby theuser. Thetimelineshown in
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Fig. 8.3.8is dividedinto pieceswherethestreamsperformsimilar behavior in eachpiece.

Thereare21 piecesthataredeterminedby startingandendingactorsandactions.So,it is

only possibleto perform21 skips.

On theotherhand,thebackwardmodi�es thedirectionof thepresentation.Thesynchro-

nizationmodelneedsto synchronizeafter changingdirectionsincestreamsmay proceed

at differentspeeds.To synchronize,thetime at that instantshouldbeknown. We de�ne a

time index which is initially 0 andcanbemaximumthenumberof pieces.Somespeci�c

streamsareallowedto increaseor decreaseafterthetime index andthecurrenttime index

canbedetermined(lines12,19). Thenecessaryactors,actions,receivers,andcontrollers

aresetandresetafterchangingthedirection.

10.2 Speci®cation

Speci�cationconsistsof the propertiesthata modelshouldsatisfyoncethemodelenters

somespeci�c states.SPINautomaticallycheckswhethertheelementslike user, streams,

andcontainersreachtheirpossiblestates.If not, this is reportedby thetool.

Therearetwo basicpropertiesthatshouldbechecked: safetypropertiesandlivenessprop-

erties. Safetypropertiesassertthat the systemmay not enterundesiredstate. Liveness

propertieson the otherhandassurethat systemexecutesasexpected.Livenessincludes
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the progress,fairness,reachabilityandterminationof the system. Progresscorresponds

whetherthe systemwill eventuallyentera state. Absenceof progressis consideredas

starvation. Fairnessdetermineswhetheran action is eventuallyexecuted. Reachability

addressessomespeci�c statesare reachablefrom anotherstate. Terminationis related

whethertheprogramterminates.LinearTemporalLogic formulasarepropertiesof paths

ratherthanpropertiesof states.Therefore,anLTL formulais interpretedwith respectto a

�x edpath.Theoperators�

�

�

, andU correspondto globally, eventually, anduntil, respec-

tively. Wepresentthefollowing propertiesabouta multimediapresentation.

FairnessConstraint 1 Theuseris only allowedto click STARTbuttonandclicksSTART

button and no user Interaction is allowed after that. This constraint is expressedas:

�

�

userStart � � noInteraction
�

FairnessConstraint 2 Theuseralwaysclicksenabledbutton.Thisis expressedas

�

�

userCl ickButton � buttonEnabled
�

If a propertyis statedasundesirable,thesystemshouldnot allow it. We �rst startwith the

propertiesabouttransitionsthatareallowedby buttons.

Property 1 Clickingbuttonfor STARTenablesbuttonsfor PAUSE,FORWARD,andBACK-

WARD,andit changesthepresentationstateto RUN. (requiresfairnessconstraint 2)
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Property 2 Clickingbuttonfor PAUSEenablesbuttonsfor PLAY, FORWARD,andBACK-

WARD and it changes the presentation's stateto PAUSED.(requires fairnessconstraint

2)

Property 3 Thebuttonsfor BACKWARDandSKIPareenabled,andthebuttonsfor START,

PLAY, PAUSE,and FORWARD are disabledafter the presentationreachesits end. (re-

quiresfairnessconstraint 2)

Property 4 Theuserinterfaceshouldignore if theuserclicksa disabledbutton.(requires

fairnessconstraint 2)

Property 5 Thebuttonfor PAUSEis enabledonlywhenthepresentationis in RUN, FOR-

WARD,or BACKWARDstates.(requiresfairnessconstraint 2)

Property 6 Thebuttonfor SKIPis enabledwhenthepresentationis in RUN, FORWARD,

BACKWARD,INITIAL, or ENDstates.(requiresfairnessconstraint 2)

Property 7 Thebuttonsfor PLAY, FORWARD, and BACKWARD are enabledwhenthe

presentationis in PAUSEDstate. (requiresfairnessconstraint 2)

Property 8 Thebuttonfor STARTis enabledonly whenthepresentationis in IDLE state.

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

(undesirable, requiresfairnessconstraint 2)

Property 10 Buttonsfor START, PAUSE,PLAY, FORWARD,andBACKWARDare in en-

abledconditionat anyparticular time. (undesirable, requiresfairnessconstraint 2)

Somere�nementsareneededto convert thepropertiesto LTL formulas. In the following

formulas,actionButtonClickedcorrespondstosuccessfulclickingButtonwhenthebuttonis

enabled.actionToStatecorrespondsto statetransitionto State. ButtonEnabledcorresponds

to Buttonis enabled.UserButtoncorrespondsto clicking of Buttonby theuser. Someof

thespeci�cationpatternsarepresentedin [29, 71]. Thesespeci�cationpatternscanbeused

in theveri�cation. For eachproperty, thefollowing LTL formulasaregenerated.

LTL 1 �

�

actionStartCl icked �

�

actionToRun
�

LTL 2 �

�

actionPauseCl icked �

�

actionToPaused
�

.

LTL 3 �

�

backwardEnabled � skipEnabled � !startEnabled � ! playEnabled � ! pauseEnabled

� ! f orwardEnabled � stateEnd
�

LTL 4 1. �

� �

userStart � !startEnabled
�

� !eventHandledU userInter f aceIgnore
�
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2. �

� �

userPause� ! pauseEnabled
�

� !eventHandledU userInter f aceIgnore
�

3. �

� �

userPlay � ! playEnabled
�

� !eventHandledU userInter f aceIgnore
�

4. �

� �

userForward � ! f orwardEnabled
�

� !eventHandledU userInter f aceIgnore
�

5. �

� �

userBackward � !backwardEnabled
�

� !eventHandledU userInter f aceIgnore
�

6. �

� �

userSkip � !skipEnabled
�

� !eventHandledU userInter f aceIgnore
�

7. �

� �

userQuit � !quitEnabled
�

� !eventHandledU userInter f aceIgnore
�

LTL 5 �

� �

stateInitial � stateEnd � statePaused � stateIdle
�

� ! pauseEnabled
�

LTL 6 �

� �

stateRun � stateForward � stateBackward � stateEnd
�

� skipEnabled
�

LTL 7 �

�

statePaused�

�

playEnabled � f orwardEnabled � backwardEnabled
�

LTL 8 �

� �

stateRun � stateEnd � statePaused � stateForward � stateBackward �

stateInitial
�

� !startEnabled
�

LTL 9 �

� �

stateInitial � stateEnd
�

� ! pauseEnabled
�

LTL 10 �

�

startEnabled � pauseEnabled � playEnabled � f orwardEnabled � backwardEnabled
�
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A livenesspropertythatshouldbecheckedwhetherthepresentationreachesto its endonce

it starts.

Property 11 Thepresentationwill eventuallyend.(requiresfairnessconstraints1 and2)

LTL 11 �

�

stateRun�

�

stateEnd
�

Therearealsosomepropertiesthatshouldbesatis�ed for streams.If a streamis in Run-

Pointstate,thestreamcannotbestartedby otherstreams.This is assumedto bea wrong

attempt.So,a warningshouldbesignaledto theauthor. In thesameway, a streamcannot

beterminatedif it is alreadyidle. Thepropertiesareasfollows:

Property 12 A streamcanbestartedif it is alreadyactive. (undesirable, requiresfairness

constraints1 and2)

Property 13 A streamcanbe terminatedif it is alreadyidle. (undesirable, requiresfair-

nessconstraints1 and2)

TheLTL formulasare:

LTL 12
�

�

streamRunPoint U streamInitPoint
�
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LTL 13
�

�

streamIdlePoint U streamEndPoint
�

It needsto beveri�ed thata streamwill actuallybeplayedor not. Onceit is ensuredthat

streamswill beplayed,furthercheckscanbeperformedbasedon therelationshipsamong

streams.BasedonAllen'stemporalrelationships,thefollowing propertiesmaybechecked:

Property 14 StreamA is beforestreamB. (requiresfairnessconstraints1 and2)

Property 15 StreamA startswith streamB. (requiresfairnessconstraints1 and2)

Property 16 StreamA endswith streamB. (requiresfairnessconstraints1 and2)

Property 17 StreamA is equalto streamB. (requiresfairnessconstraints1 and2)

Property 18 StreamB is duringstreamA. (requiresfairnessconstraints1 and2)

Property 19 StreamB overlapsstreamA. (requiresfairnessconstraints1 and2)

LetP � streamAInitState, Q � streamAEndState, R � streamAIdleState, K � streamBInitState,

L � streamBEndState, M � streamBIdleState. TheLTL formulasareasfollows:

LTL 14
�

QU
� �

R � M
�

U K
� �
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LTL 15
�

�

P � K
�

LTL 16
�

�

Q � L
�

LTL 17
�

�

P � K �

�

�

Q � L
� �

LTL 18
�

�

P �

�

�

K �

�

�

Q �

�

L
� �

LTL 19 !
�

�

�

Q �

�

K
�

�

�

�

L �

�

Q
� �

In [66], somepropertiesbetweentwo consecutive userinteractionsbasedon time areveri-

�ed. In a distributedsystem,theseconstraintscannotbesatis�eddueto delayof data.For

example,pauseoperationfor a streammaybeperformedwithin t secondsafterthestartof

the presentationwhere0 � t � d andd is the durationof the stream.In our model,user

cannotchangethestateof a streamdirectly but he/shecanchangethestateof thepresen-

tation thuschangingthe stateof a streamindirectly. Sincetherearerelationshipsamong

streamsandcontainers,thesecanstartandendeachother. In our case,time is associated

with actors.Sincethereis nodelayin passingof time,theactorelapsesits timeright away

onceit is activated.

Since SPIN doesnot supporttime explicitly, time proceedsin the presentationas the

streamsproceed.In otherwords,if noneof thestreamscanbeplayed,it is assumedthat
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timedoesnotproceed.Thestreamsupdatethetimeindex asthey start,endandareactually

played.Thereare21 (from 0 to 20) time indicesfor Figure8.3.8.For example,streamV2

startsat time index 10, which correspondsto 9 seconds.A streamonly updatesthe time

index, if thecurrentindex at that instantis lower thanits time index. Otherwise,it means

that thereis a delayin the play of the stream.For example,we would like to checkV2

starts3 secondsafterV1 ends.Thetime index whenV1 endsandV2 startsaret1 andt2. A

timearrayis keptto maptime indicesto realtimes.We needto check
�

time� t2 �

� time� t1 �

�

whenV2 starts.This is addedastimeCondition in theformulas.

Property 20 StreamA is t secondsbeforestreamB (requiresfairnessconstraints1 and2).

Property 21 StreamB startst secondsafter streamA starts(requiresfairnessconstraints

1 and2).

Property 22 StreamB endst secondsafter streamA ends(requiresfairnessconstraints1

and2).

ThecorrespondingLTL formulasareasfollows:

LTL 20
�

QU
�

R � M
�

U
�

K � timeCondition
� �

LTL 21
�

�

P �

�

K � timeCondition
� �
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LTL 22
�

�

Q �

�

L � timeCondition
� �

Notethatdelaymayalwaysoccur. Soit is meaninglessto checkthatA2 starts10 seconds

afterA1 ends.However, it is moremeaningfulto checkthatA2 starts1 secondafterV3

startssincethereis nodelayin time.

Oneof thebasicqueriesis whetherall streamsareplayedor not. If oneof thestreamsis

not played,this maybeconsideredasanundesirablebehavior andtheauthormaycorrect

it.

Property 23 StreamA is played.(requiresfairnessconstraints1 and2)

LTL 23
�

�

P �

�

Q
�

For a multimediapresentation,thestatesof streamsthatarepossibleto visit in theback-

wardpresentationshouldalsobereachablein theforwardpresentation.We call this prop-

erty asbackward consistencyof a presentationandtermsucha presentationasbackward

consistentpresentation.If we show theexistenceof a statethatis not reachablein forward

presentationwhile it is reachablein backwardpresentation,it is notbackwardconsistent.

Therearea coupleof wayswriting theLTL formulato checkthebackwardconsistency of

apresentation.Themajorproblemis thestatethatis reachablein theforwardpresentation
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mayalsobegiven(if exists)asa contradictoryexample.This complicatestheveri�cation

sincewe alsoneedto distinguishthestatesthatarereachablein theforwardpresentation.

Anotherproblemis that thepresentationmayenterin aninconsistentstateafterbackward

operationand the desiredstatemay be reachablein the forward presentationfrom that

inconsistentstate.So,thepropertyis statedastwo fold.

Property 24 1. Thestateis not reachable in forward presentation(requires fairness

constraints1 and2)

2. It is possibleto reach the state in the backward presentation. (requires fairness

constraint 2)

Noticethat�rst partrequirestheexistencecheck.ThecorrespondingLTL formulasareas

follows:

LTL 24 1. !
�

state

2.
�

state

If the �rst part is right, thenthe secondpart is veri�ed. The numberof statesthat need

to be checked is � mn � wherem is the numberof statesthat a streammay enterandn is

the numberof streams. Eventually, we needto convert the following propertyinto the

following one:
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Property 25 1. The state is not reachable in forward presentation(undesirable, re-

quiresfairnessconstraints1 and2)

2. It is possibleto reach thestateafter userinteractions. (requiresfairnessconstraint

2)

ThepreviousLTL formula,in fact,correspondsto thisproperty. Fig. 10.2.1showstheuser

interfacefor veri�cation.

Model checkingis performedby generationof never claims from LTL properties. The

systemis checkedateachstatewhethertheundesiredstateoccursor not.

10.3 Experimentsand Analysis

We have �rstly developeda complex modelto handletheuserinteractions.Sincethisuser

interfaceincreasesthenumberof initial statessigni�cantly, we removedtheuserinterface

during veri�cation. Only buttonschangetheir statesas part of the userinterface. The

forward (fast) interactionis not allowed to reducethe complexity of the modelsincewe

arenot interestedin thespeedof thepresentation.We areratherinterestedin thedirection

change.Thebackwardandplay interactionsareenoughto verify themodel.

Differentkindsof presentationshavebeenusedto checkthecorrectnessof thepresentation
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Figure10.2.1: Theuserinterfacefor veri�cation.
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Presentation # Streams Depth States Transitions Memory(Mbyte) Time(in seconds)
single 1 67 177 306 1.5 0.03

sequential 2 99 432 865 1.5 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 1.5 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 1.5 0.03
synchronized 3 78 201 398 1.5 0.05
synchronized 4 83 233 542 1.5 0.04

Table10.3.1: Experimentswithout interaction.

model. We consideredthe numberof streamsand their organization. The streamsare

presentedin a sequentialorderor in parallel. If thestreamsarepresentedin parallel,they

mayalsobepresentedin asynchronizedfashion.

Thefairnessconstraintsarehard-codedin thepresentation.For eachinteraction,thereis a

fairnessconstraintandthesearehard-codedin themodel(lines2,6,25). FC==3,FC==4,

FC==5, FC==6 andFC==7 correspondto interactionswhereonly start,only backward,

pause-resume,skip,andbackward-playareallowed,respectively.

We �rst investigatedthecomplexity of the numberof streamsandthe organizationwhen

no interaction(exceptto startthepresentation)is allowed. The resultsaregiven in Table

10.3.1.

Whena new streamis addedinto the sequentialpresentation,therearephaseswherethe

new streamstarts,plays,andends. The endingof streamdoesnot addany complexity
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sincethey will all be idle at the endof the presentation.Sinceeachstreamadds3 more

phases,thenumberof statesis nearlytripledaftereachadditionof astreamin asequential

presentation.Thecomplexity of numberof statesis O
�

mn
�

wheren is thenumberstreams

in thesequentialpresentationandmis onelessthanthenumberof statesthatastreammay

enter(to excludeidle state). In our experiments,m is 3. The runningtime andthedepth

alsoincreasein thesameway.

For aparallelpresentation,therearemorecombinationsof playingstreams.In theparallel

presentations,thestreamsmaybeinterleaved. Thenumberof possibleinterleavings for n

streamsthathavem statesis

I
�

n
�

m
�

�

�

2n
�

!
�

m!
�

n

�

(10.3.1)

This explains the steepincreasein runningtime, memory, states,transitions,anddepth.

Nevertheless,therunningtime is still within a secondfor 4 streams.Theveri�cation can

beperformedfor apresentationhaving afair numberof parallelpresentations.Ontheother

hand,a synchronizedparallelpresentation's complexity is O
�

n
�

for depth,transitions,and

runningtimebut O
�

2n
�

for thestates.

To evaluatetheeffect of userinteractions,we testeduserinteractionsseparately. Theex-

perimentswith pause-resumeinteractionsare 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 1.5 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 1.5 0.03
synchronized 3 111 303 591 1.5 0.04
synchronized 4 122 335 749 1.5 0.06

Table10.3.2: Experimentswith Pause-Resume

interactionsincreasethe complexity in linear time. Therefore,the presentationshaving

pauseandresumeinteractionsdo not addmorecomplexity andthis is anexpectedresult.

But theseinteractionsincreasedtheinitial numberof states,depth,andcomplexity.

The experimentswith skip interactionaregiven in Table10.3.3. The skip interactionin-

creasesthe time complexity morethanpause-resumedueto possiblenumberof skipsat

eachinteraction.Thetimecomplexity of synchronizedpresentationsis O
�

2n
�

. Ontheother

hand,thecomplexity of statesfor parallelpresentationsincreasedfrom O
�

4n
�

to
�

10n
�

. The

complexity of statesfor sequentialpresentationsincreasedfrom O
�

3n
�

to O
�

4n
�

.

The experimentswith backward interactionaregiven in Table10.3.4. The play interac-

tion is allowedalongwith thebackwardinteraction.Thetime complexity of synchronized

presentationsis O
�

2n
�

. On the otherhand,the complexity of statesfor parallelpresenta-

tionsincreasedfrom O
�

4n
�

to
�

10n
�

. Thecomplexity of statesfor sequentialpresentations



CHAPTER10. MODEL CHECKINGOFTHE SYNCHRONIZATION MODEL 204

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

increasedfrom O
�

3n
�

to O
�

4n
�

. Theseresultsshow that the complexity of backward is

similar to theskip. Sincethedirectionof thepresentationmaychangein thebackwardpre-

sentation,thenumberof initial statesdoubledandthis causedsevereexponentialincrease

in the runningtime. To realizethe effectsof interactions,experimentswhereall interac-

tionsareallowedareconducted.Thecomplexity of sequential,parallel,andsynchronized

presentationsis similar to thebackwardandtheskip.
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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 4.50K 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 effectsof interactions,experimentswhereall interactionsareallowed are

conducted.Thecomplexity of sequential,parallel,andsynchronizedpresentationsis simi-

lar to thebackwardandtheskip (Table10.3.5).

Theeffectsof interactionson typesof presentationsaredepictedin Figure10.3.1.

10.3.1 Impr oving the Speci®cationof Multimedia Presentations

Differentauthorsmayprovidedifferentspeci�cationfor thesamepresentation(in nominal

presentation).Sincetheremaybeproblemsin thenetwork, thesatisfactionof synchroniza-

tion requirementsin realtime is animportantissue.Theauthoris usuallyconsideredasthe

expertfor thebestspeci�cation.For example,theauthorrequiresthatstreamB shouldstart

after streamA. During the veri�cation phase,the authorrealizesthat streamB may start

beforeendof A dueto delayin thepresentationof streamA. This caseis presentedby the
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(a)

(b)

(c)

Figure10.3.1: Elapsedtimefor veri�cation of propertieson(a)parallel,(b) synchronized,
and(c) sequentialpresentations.
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tool. Theauthorrealizesthat thereshouldbea dependency betweenstreamA andstream

B. If thesystemdoesnotprovidesuchinformation,theauthorwill beunawareof thelossof

synchronization.This informationis not visible in thespeci�cationsincethespeci�cation

usuallyconsidersa perfectpresentation.If in the speci�cationtheir correspondingtimes

areequivalent, it is assumedthat the systemwill presentat the correspondingtimesthat

maynotbetrue.Thismodelcheckingenforcestheveri�cation at themodelandtheauthor

canbeassuredthatthepresentationwill bepresentedcorrectly.

Theseveri�cation resultsgive an upperboundon the veri�cation of properties. These

resultsconsiderthenon-progresscyclesandotherpossibleerrors.Veri�cation of properties

takeslesssinceonly aspeci�c conditionis checkedin themodel.For thepresentationgiven

in Fig. 8.3.2,theveri�cation for Allen's temporalpropertiestakeslessthan3 seconds.

10.3.2 Evaluation

The previous work on checkingthe integrity of multimediapresentationsdealswith pre-

sentationsthat are presentedin nominal conditions(i.e., no delay). SPIN veri�er takes

into accounteachpossiblestatethat theprocessesandelementsof a presentationmayen-

ter. Sincethe processesmay iterateat different statesas long as they are enabled,this

introducesprocessesproceedingat differentspeeds.Fromtheperspective of a multimedia

presentation,thismaycorrespondto delayof datain thenetwork. TheSPINveri�er checks
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thepropertiesof a presentationalsoat theworstcase.Theunexpectedfalsepresentations

arereportedby contradictoryexamples.

SPINenablesveri�cation of LTL formulas.LTL formulasrequiretracingall theexecution

paths.For example,it maybepossiblethat two streamsmaystartat thesametime. What

we arereally interestedis whetherthesetwo streamswill eventuallystartat thesametime

in all occasions.Thenever-claimsexpressionsprovide thecontradictoryexamples.

The detectionof non-progresscycleswhenall the userinteractionsareallowed yields a

generalstatusof the presentationmodel. In reality, it is not possibleto performall the

interactionsat all possibleoccasions.During the initial modelingphasesof our model,

SPIN veri�er detecteda casethat naturally is lesslikely to occur. In this case,the user

startsthepresentationandthenclicks theBACKWARD buttonjustbeforethepresentation

proceeds.This leadsto anunexpectedstatewherethepresentationentersanin�nite loop.

After the userstartsa presentationand just beforethe presentationproceedsif the user

attemptsto backwardthepresentation,thepresentationthenentersanunexpectedstateand

staysin this stateforever.
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10.4 Summary

Thesynchronizationmodelis incorporatedinto theNetMedia[108] system,a middleware

designstrategy for streamingmultimediapresentationsin distributedenvironments. It is

necessarywhetherthesystemwill presenta consistentpresentationafter theuserinterac-

tions. In this chapter, we have showed a way of verifying multimediapresentationsthat

alsoincludebackwardandskip. Firstly, thesynchronizationmodelis developedto respond

thesefunctionalities.Thentheuserinteractionsareallowedandthespeci�cationis veri�ed.

SPIN's tracingof all possiblestatesprovidesa way of modelingof delayfor multimedia

presentations.

This techniqueis betterthantestingandsimulationsinceall the statesthat a modelmay

enteris considered.Thesystemmaybeveri�ed whetherit conformsto thespeci�cation.

If a propertyis not satis�ed,a counterexampleis providedby theSPINtool. Therehave

beenmethodsproposedfor temporalqueryingof presentations.But it is not testedwhether

the model really satis�es the authorspeci�cation. The PROMELA codealso supports

delayedpresentation.Thusit is possiblewhetherthesystemsatis�esthespeci�cation. In

thechapter, wealsoconsideredsatisfactionof Allen's temporalrelationships.



Chapter 11

Conclusionand Futur eWork

In this dissertation,we have proposedsolutionsfor effective spatio-temporalbrowsingof

multimediapresentations.In the�rst partof thedissertation,methodsfor generatingsprites

in compresseddomainandincreasingresolutionof spritesarecovered.In thesecondhalf,

theincorporationof modelcheckingfor multimediapresentationshave beenexplainedfor

a robustand�e xible synchronizationmodelthatcanhandleuserinteractionsthatcanalso

changethecourseof a presentation.As a resultof thesemethods,we have developedtwo

systems,VideoCruise(a spatialbrowser)andRuleSync(a robustand�e xible synchroniza-

tion model).Thesetwo systemsareintegratedinto NetMediasystem[108].

210
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11.1 Conclusion

In this dissertation,we have startedwith methodsthat arenecessaryfor effective spatial

browsing. We have realizedthat most of the previous video is in compressedform us-

ing DCT blocks. We have proposedmethodsto generateeffective featuresto be used

in compresseddomainfor stationarybackgroundgenerationandvideo objectsegmenta-

tion. By only usingDC coef�cients of DCT blocks,we areableto generatethestationary

backgroundin compresseddomain.We alsohave extractedboundaryfeaturesfrom DCT

compressedblocks. We have showed that DC coef�cient, smoothness,boundaryvisibil-

ity, boundarytype, anddarknessaregoodfeaturesto determinesigni�cant blocks. The

boundaryfeaturesareusedto eliminatetheinsigni�cant blocksfor videoprocessing.

Sprite is consideredas a big pictureof the environment. Sinceone goal is video com-

pressionto decreasethe bandwidth,static sprite hasto be generatedfrom the sequence

of framesin a video shot. The staticspritegenerationrequiresmotion detection,image

alignment,andresidualestimation.Multiresolutionspritegenerationis signi�cant if the

camerahaszoomedspeci�c regionsof theenvironment.We have presenteda methodfor

highresolutionspritegenerationfrom video.Motion estimationis performedbetweeneach

consecutive framenot to missvisibleareasin thesequencefor spritegeneration.Temporal

integrationandwarpingintroducesblurring in spritegeneration.The problemcausedby
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temporalintegrationis reducedby histemporal�lter . Theblurringcausedby warpingis re-

ducedby increasingtheresolution(detail)of thespriteandwarpingat intervals.Although

high resolutionspritewarpingincreaseselapsedtime, this is compensatedby warpingat

intervals.We introducedconservativespriteto reducetheblurring in thesprite.

Wehavealsopresentedthespritepyramidfor videosandimageshaving �nite-depthscenes.

In applicationslike distancelearning,zoom-inandzoom-outarecommoncameraopera-

tions. The original sprite is only appropriatefor applicationshaving no zooming. Tra-

ditional mosaicingtechniquesusually ignorethesebasicoperationsandcauseblurredor

very largemosaics.This problemis resolvedby mappingtheframeson a pyramidwhere

layersshow differentresolution.More importantly, this spritepyramid modelallows the

regenerationof thevideoframesandobjectsat theresolutionthey werecaptured.

Dependingon the improvementsandmethodsthat arespeci�ed in the previous chapters,

we have developeda spatialbrowsersystem,VideoCruise. TheVideoCruiserequireshigh

quality spritegeneration.High quality spritegenerationcanonly beachievedby accurate

globalmotionestimator. Our experimentsshow thataveragePSNRis not alwaysa good

indicatorof quality by itself. PSNRdoesnot considerblurring in the sprite. Sharpness

measureis an indicatorof blurring in the sprite. We obtaineddifferent sharpnessmea-

suresfor the sameaveragePSNR.We demonstratedexamplesfrom standardMPEG test

sequences.Oncethe motion vectorsandthe spritearegenerated,VideoCruiseprovides
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interactive spatialbrowsing. VideoCruiseprovidespanning,tilting andzoominginterac-

tions. VideoCruiseallows the useto gain and releasethe cameracontrol at any frame

display. Whenthecameracontrol is gained,all framesaremappedaccordingto theframe

whichcameracontrolis gained.In additionto browsing,it enablescamerastabilization.

After discussingthecontentsof a spatialbrowser, we have introduceda robustand�e xi-

ble synchronizationmodel,RuleSync. TheRuleSyncsynchronizationmodelis developed

to supporttheNetMedia[108] system,a middlewaredesignstrategy for streamingmulti-

mediapresentationsin distributedenvironments.Thesynchronizationis handledby syn-

chronizationrulesbasedon event-condition-action(ECA) rules. The backward rulesare

generatedautomaticallybasedon author propertiesand forward presentation.Not only

forwardtemporalrelationshipsareconvertedto reversetemporalrelationshipsbut alsothe

relationshipsbetweeneventsandactionsareconsideredfor backwardpresentation.

Themodelcheckingtechniqueis usedfor veri�cation of themodel.This techniqueis bet-

ter thantestingandsimulationsinceall the statesthat a modelmay enteris considered.

Thesystemmay beveri�ed whetherit conformsto thespeci�cation. If a propertyis not

satis�ed,a counterexampleis providedby theSPINtool. Therehave beenmethodspro-

posedfor temporalqueryingof presentations.But it is not testedwhetherthemodelreally

satis�estheauthorspeci�cation.We have alsoconsideredsatisfactionof Allen's temporal

relationships.During the real time presentationthoseconstraintsthat arechecked at the
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speci�cationlevel maynot besatis�ed in a real time environment.Thespeci�cationmay

in fact leadto falsepresentationsdueto delayandthesynchronizationmodel.This model

enablestheauthorto checkwhetherthesystemreally satis�estherequirementsin thereal

life. Hence,theauthormaybetterspecifythepresentationusingthismodelcheckingsince

extra-ordinaryconditionsareconsidered.

11.2 Futur eWork

Although we have achieved satisfactory resultsfor spatio-temporalbrowsing, thereare

improvementsthat arenecessaryfor furtherapplicationsboth in the spatialandtemporal

domain.In thespatialdomain,below is a list of improvementsthatwill behelpful.

� We have proposeda methodto improve the resultsto generatethestationaryback-

groundusing motion vectors. The motion vectorsneedto be extractedfrom the

compresseddataandmotion vectorsdependon the performanceof the MPEG en-

coder. Insteadof extractingmotionvectors,existenceof motionatamacroblockcan

beutilizedandevaluatedwithin a groupof pictures(GOP).

� If thereis a temporaltexturelikewavy sea,�re andoceanin thescene,thegenerated

spritewill only show an instanceof the generalpicture. It is hardto usethe sprite

repeatedly. Thetemporaltexturein thespritecanbemodeledyieldingamorerobust



CHAPTER11. CONCLUSIONAND FUTUREWORK 215

sprite.Theobjectsegmentationcanincreasecontent-basedfunctionalitiesfor further

research.

� The boundarytypesthat arecoveredarevertical, horizontal,anddiagonal. Other

typesof boundarieslike curvedboundariescanalsobedetectedusingotherAC co-

ef�cients but this is left asa further research.In thosecases,the boundarytype is

representedwith theindex of thehighestAC coef�cient.

� If spritepyramid representationis 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

introducespritepyramid into MPEG-4. We will work on ef�cient incorporationof

spritepyramidinto MPEG-4.In addition,moreexperimentswill beconductedfrom

otherimageandvideoresourceslike newsandmovies.

� Oneof the applicationsof VideoCruiseis distanceeducationapplication. The stu-

dentswill beableto follow thelectureasif they arein theclassroom.Thestudentcan

follow the instructorandtheboard. An index will becreatedfor importantobjects

in theenvironment. Theusercanfollow thedesiredobjectsby just clicking on the

indexedobjects.
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� The featuresof the VideoCruisewill be enlargedto improve video editing. Some-

times,thecamerais unstableasin 'foreman' sequenceandthis candistracttheau-

dience.Thecameracanbestabilizedby just clicking thecameragain control. The

userwill be able to save the documentas he/shebrowsesit or stabilizethe cam-

era.In sportsgames,sometimesthecameramancannottrackthefastmoving objects

properly.

Wehavedevelopedarobustand�e xible synchronizationmodelandveri�ed thecorrectness

of thepropertiesusingmodelchecking.Especially, featuresprovidedby modelchecking

canbeimproved.

� Therearealsolimitationsthatareput forwardby themodelchecking.For example,

it is not possibleto checkthemeetrelationshipusingSPIN.Thereis morethanone

statebetweenendinga streamandstartinga new stream. This is also true in real

applications.

� Thesystemshouldprovide a bettersynchronizationspeci�cationto satisfythevio-

latedconstraints.

� The PROMELA languagedoesnot provide time in the modeling. Thus it is not

possibleto incorporatetime directly in the model. RT-SPIN enablesthe declara-

tion of timeconstraintsandchecksacceptancecycles,non-progresscyclesandsome
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livenessproperties.The�rst problemis someguardsmaybeskippeddueto lazybe-

havior of RT-SPIN.In ourcase,mostof thetimeconstraintsareequalityconstraints.

Also theinteractionslikepause,resume,skip,andbackwardrequiretheguardcondi-

tion to beupdatedaftertheseinteractionsevenwhenwaiting for theguardcondition

to besatis�ed. Othermodelcheckingtoolsneedto beusedandevaluatedfor multi-

mediasynchronization.
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