iAbstractA n A r c h i t e c t u r e F o r F l e x i b l e M u l t i m e d i a G r o u p M a n a g e m e n t S e r v i c e s Silvester NamuyeSubmitted for the degree of Doctor of Philosophy.Department of Computing,Lancaster University,Lancaster LA1 4YR, UK.May, 1996.Multimedia systems applications have become major research interests in bothcomputing and telecommunications industries. In some literature, multimedia is definedas "many media" where media is derived from medium, and a medium is a means oftransporting information. It is generally accepted that multimedia does enhancecommunication for individuals and among interacting groups of humans. Applicationssuch as video conferencing, distance learning, and medical imaging, gain advantage inthe use of multimedia applications.However, while it is recognised that future systems should provide multimediafunctionality, many issues are being raised about how best to support multimediacommunication. This is because multimedia requires new communications infrastructures iito enable integration of various media types as well as to manipulate and control theindividual media. There is also the need to support the spatial and temporal requirementsof continuous media, and to support group based applications.Thus the requirements of multimedia applications are diverse; this thesis focuses onmultimedia group management services.A number of architectures have been advanced on the management strategies formultimedia communications. A review of these architectures shows that they have beeneither application specific, or too restrictive for group based applications.This thesis presents an architecture for connection management for distributedmultimedia group applications. The architecture is intended to encourage a uniformappearance to all group applications to assist in their collective management, whilst beingsufficiently flexible to cope with all likely multicast mechanisms upon which suchapplications may be based. The concept of a media channel is introduced as theapplication-independent appearance of an instance of a single application such as a video-on-demand service, or a video conferencing application. A media channel is the basic unitof management in a group user-agent and therefore is used as a basis for the managementof multiple applications.The main aspects of the media channel model considered in the thesis have beensubstantially implemented and the performance accessed as suitable for a reasonablenumber of multimedia applications.

iiiAcknowledgementsFirst of all, I would like to thank Dr. Gerald Kotonya for having inspired me tocome to the Department of Computing at Lancaster University; and second, EgertonUniversity, which, under the auspices of the University Investment Project of the KenyaGovernment, provided the funds for me to take further studies.Both the academic and administrative staff have accorded me a warm welcome. Imust say I received a wonderful support from Gillian Balderstone, Cath Ewan, PatriciaHarrison, Jacqui Forsyth and Liz Redburn.The list of my academic acquaintances would be too long, as I have had contact withmost of them, and who had the patience of bearing with my many silly questions. Forthis I am greatly indebted. However, I would like to mention a few individuals such asthe twin brothers, Drs. Phillip and Robert Lougher, with whom I shared many learningactivities; Mr. Frank Ball and Dr. Francisco Garcia with whom I shared an office formost of my programme’s time, and who eased my learning curve on computercommunications issues; Dr. Geoff Coulson and Mr. Andreas Mauthe have been greatcolleagues, working on the Group Communications Services project. Andreas wasinstrumental in isolating the requirements for multimedia group communications, thescope in which this work is set. His constant cross-checks have been invaluablecontributions to this work. I would like to thank Mr. Steven Simpson for the tremendousamount of work he put into helping implement the ideas discussed in the thesis. MsRanda El-Marakby, with whom I shared the office to the end, was a great source of hopewith her ever smiling face, reassuring me that it is worth living even when things gettough.Finally, I would like to give my most sincere thanks to my supervisor, ProfessorDavid Hutchison, who, in spite of his many engagements as the Head of Department,would still find time to take me to Edinburgh annually, just to punctuate the academicmonotony. I am particularly grateful to his support in all ways, the supervision and thefriendly atmosphere he provided throughout my research work.

ivTomy father and mother, who have been a greatsource of inspiration in all my undertakings;and tomy family, my wife Dolphine, my daughters Catherineand Maria, and my sons Matayo and Alberito,who gave me a lot of moral support.

vTable of ContentsCHAPTER 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Introduction............................................................................... 11.1 Background............................................................................. 11.2 Multimedia Multi-user Applications.................................................. 21.3 Motivation............................................................................... 31.4 The Structure of the Thesis............................................................ 4CHAPTER 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5A Review of Group Communications Activities.............................. 52.1 General Group Communications Concepts.......................................... 62.1.1 Group Characteristics and Features........................................... 82.1.1.1 Group Membership................................................... 82.1.1.2 Characteristic Features of Groups................................... 92.1.1.3 Group Services....................................................... 112.2 Group Communications.............................................................. 122.3 Models and Toolkits for Group Communication.................................. 132.3.1 The Master-Slave Model....................................................... 142.3.2 The Client/Server Model....................................................... 142.3.3 The Group Model............................................................... 142.3.4 The Distributed Object Model................................................. 162.3.5 The Multimedia Stream Model................................................ 172.4 Applications of Group Models....................................................... 182.5 Work on Group Communication and Multimedia Applications.................. 202.5.1 The EuroBridge Project........................................................ 212.5.2 Multimedia Integrated Conferencing for European Researchers (MICE) 212.5.3 The MERCI Project............................................................ 232.5.4 The GCommS Project.......................................................... 232.5.5 Standards Issues In Group Communication................................. 242.5.5.1 Multipeer Data Transmission (MPDT)............................. 262.5.5.2 Summary on Standardisation....................................... 262.6 Discussion.............................................................................. 272.7 Summary............................................................................... 292.8 Conclusion............................................................................. 30 viCHAPTER 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 Requirements for Group Management for Distributed MultimediaApplications....................................................................... 313.1 Multimedia Group Communications................................................ 333.1.1 Characteristics of Multimedia group communications...................... 333.1.1.1 Mode of Interaction.................................................. 343.1.1.2 Data flow.............................................................. 353.1.1.3 Accessibility........................................................... 353.2 Multimedia Applications.............................................................. 353.2.1 Media Characteristics........................................................... 353.2.2 Dissemination Services........................................................ 363.2.3 Interactive Services............................................................. 373.2.4 Applications Scenarios......................................................... 373.2.4.1 A Group Application in Manufacturingand Business........................................................... 383.2.4.2 Collaborative Computing............................................ 393.3 Multimedia Group Management Requirements.................................... 423.3.1 General Requirements.......................................................... 443.3.2 Multimedia Management Requirements...................................... 443.4 Conclusion and the way forward.................................................... 46CHAPTER 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 8 Design of Multimedia Group Management Services........................ 484.1 Analysis of Requirements............................................................ 504.1.1 Multimedia Group management Service Components..................... 514.1.2 Client/Applications Component............................................... 524.2 Design of Multimedia Group Management Services.............................. 544.2.1 Streams.......................................................................... 544.2.1.1 Media type............................................................. 554.2.1.2 Example media types................................................. 554.2.1.2.1 MPEG..................................................... 554.2.1.2.2 SunAudio................................................. 564.2.2 Media Channels, Sources and Sinks......................................... 564.2.2.1 Examples of Classes of media channels........................... 574.2.2.1.1 Video Conferencing (VC).............................. 574.2.2.1.2 Video-on-Demand (VoD)............................... 574.2.2.2 Management Operations............................................. 584.2.2.2.1 User Agent............................................... 594.2.2.3 Creating and managing media channels............................ 60 vii4.2.2.4 Media Operations..................................................... 644.2.2.4.1 Who will run an MCM?................................. 644.2.2.4.2 Who will run sources and sinks?...................... 644.2.2.5 Putting it all together- an application scenario of media channels............................................................... 644.2.2.6 Example:............................................................... 654.3 The Media Channel Architecture..................................................... 664.3.1 Media Channel Communications............................................. 664.3.2 Services and Service Primitives............................................... 674.4 Related Work........................................................................... 694.5 Discussion.............................................................................. 734.6 Summary............................................................................... 754.7 Conclusion............................................................................. 75CHAPTER 5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7 An Implementation of Media Channel Services.............................. 775.1 Service model.......................................................................... 785.1.1 Media Channel Management Services........................................ 785.1.1.1 Protocol................................................................ 785.1.1.1.1 Multicast Mechanisms................................... 795.1.1.1.2 Protocol Syntax.......................................... 815.1.1.1.3 Semantics................................................. 825.1.1.2 Instantiating New Media Channels................................. 855.1.1.3 Media Channel Membership Administration...................... 865.2 Implementation Model................................................................ 875.2.1 Environment used.............................................................. 875.2.1.1 Software............................................................... 875.2.1.2 Configuring media transmission.................................... 875.2.2 Environment Developed....................................................... 885.2.2.1 Media Channel Library.............................................. 885.2.2.2 Applications Provided............................................... 915.3 Summary............................................................................... 91CHAPTER 6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 2 Applications of The Media Channel Model.................................... 926.1 Sessions................................................................................ 936.1.1 Session Management........................................................... 946.1.1.1 User Agent Group Session Mechanisms.......................... 946.2 User Interface.......................................................................... 99 viii6.3 Application Programmer............................................................. 1036.4 Experiment: To Demonstrate The Media Channel Model Performance........ 1046.4.1 MPEG Player.................................................................. 1046.4.2 Audio/Video Conferencing................................................... 1056.4.2.1 MPEG Stream....................................................... 1056.4.2.2 Audio Stream........................................................ 1076.4.2.3 Starting a Conference............................................... 1086.4.3 Performance.................................................................... 1096.4.3.1 Source Performance and Evaluation.............................. 1106.5 Discussion............................................................................. 1116.5.1 Using the Media Channel Model for Media Conferencing................ 1116.5.2 Distributed Group Management Services................................... 1126.5.3 Communications Support..................................................... 113CHAPTER 7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 4 C o n c l u s i o n ............................................................................... 1147.1 Summary of the Thesis.............................................................. 1147.2 Main Contributions of the Thesis................................................... 1157.3 General Comments................................................................... 1167.4 Further Work.......................................................................... 1177.4.1 Further Implementation Work................................................ 1177.4.1.1 Integrated Source-Sink Program.................................. 1177.4.1.2 Reliability............................................................. 1177.4.1.3 Incorporating QoS re-negotiation.................................. 1177.4.1.4 Operating systems support......................................... 1177.4.2 Research Work................................................................. 1187.4.2.1 Distributed Multimedia Group Management Services........... 1187.4.2.2 Inter-channel synchronisation...................................... 118Cited References....................................................................... 119Appendix: The Media Channel Objects and Library....................... 129 ixList of FiguresFigure 2.1: Interface Group abstraction......................................................... 7Figure 2.2: Abstract interactions of group members........................................... 7Figure 2.3: Composite group session........................................................... 8Figure 2.4: Group Structure.................................................................... 10Figure 2.5: Master-slave model................................................................ 15Figure 2.6: Peer-to-peer model ................................................................ 15Figure 2.7: The Group Model.................................................................. 16Figure 2.8: Multimedia streams model........................................................ 17Figure 2.9: Relationships between GCS, applications & underlying support............ 25Figure 3.1: Example Collaborative Configuration........................................... 41Figure 3.2: Layered architecture for multimedia group management services............ 47Figure 4.1: MGMS Components.............................................................. 51Figure 4.2: MGMS Component Architecture................................................. 52Figure 4.3: Agents of human group members participating in a media channel with one source..................................................................... 54Figure 4.4: Stream: producer/consumer configuration...................................... 55Figure 4.5: VoD Configuration................................................................ 58Figure 4.6: Producer/Consumer configuration............................................... 59Figure 4.7: User agent configuration.......................................................... 60Figure 4.8: User agent display................................................................. 60Figure 4.10: A VoD server architecture....................................................... 61Figure 4.10: join operation for VoD media channel......................................... 62Figure 4.11: Application topologies........................................................... 62Figure 4.12: Media channel state............................................................... 63Figure 4.13: configuration of source and sink management addresses.................... 63Figure 4.14: General Group Session Configuration......................................... 73Figure 4.15: Configuring Media Channels with User Agent............................... 73Figure 4.16: User Agent configuration for a group session................................ 73Figure 4.17: Generic Interface................................................................. 74Figure 5.1: Communication between media channel objects............................... 79Figure 5.2: Multicast mechanisms............................................................. 80Figure 5.3: Service protocol involving a media channel manager (MCM), a source & 2 sinks for a VoD service............................................. 84Figure 6.1: Media channel session configuration............................................ 95Figure 6.2: Media channel mapping onto session S......................................... 98 xFigure 6.3: Distributed media session management......................................... 98Figure 6.4: A VoD service configuration.................................................... 100Figure 6.5(a): Main menu...................................................................... 100Figure 6.5(b): Display for selection Media Channels....................................... 100Figure 6.5(c): Display for selection VoD media channel................................... 101Figure 6.5(d): User Agent configurations for media types................................ 101Figure 6.5(e): Information window for "About GMS" system........................... 102Figure 6.4: MPEG player...................................................................... 105Figure 6.5: Media channel configuration for MPEG and audio sources................. 106Figure 6.6: Encoding MPEG stream......................................................... 106Figure 6.7: Data acquisition system for audio sink......................................... 107Figure 6.8: Conference Setup................................................................. 109Figure 6.9: Image from a machine to other participants.................................... 109Figure 6.10: Response times for media channel manager with increasing numberof sinks........................................................................... 110Figure 6.11: Distributed media channel services............................................ 112Figure 6.12: Integrating group communication services................................... 113 xiList of TablesTable 2.1: Group Features...................................................................... 10Table 2.2: Interrelationship Characteristics................................................... 11Table 4.1: MGMS Characteristic Features.................................................... 52Table 4.2: Operations on a media channel .................................................... 70Table 6.1: Participation in media channels.................................................... 94Table 6.2: Group session scenario............................................................. 95Table 6.3: Session Management............................................................... 97Table 6.3: Media channel configurations for group sessions.............................. 103