Abstract

The purpose of this thesis is to describe the design and implementation of a multiplatform, desktop videoconferencing system for the Internet. First, the technologies and standards utilized currently for the multimedia, real-time, collaborative applications are briefly described. Then, existing videoconferencing products are presented and analyzed, identifying disadvantages and possible modifications. Based on the analysis, the objectives of the improved videoconferencing system offering new functionality are formulated. At that point, the design that is most suitable for the assumed objectives is proposed, addressing the particularly important issues of platform independence and flexibility. The implementation of this design on two most popular multimedia platforms is described in detail, dealing with the encountered problems and platform specific solutions. This part includes the presentation of the system components and their interactions, focusing on standard compliance and interoperability. To prove the system flexibility in adapting to modern environments, the integration with a Web collaborative application is discussed. Summary of the system characteristics and the achieved goals concludes the thesis.

Multiplatform, Desktop Videoconferencing

System for the Internet

by Tomasz Stachowiak

THESIS

Submitted in partial fulfillment of the requirements for the Degree of Master of Science in Computer and Information Science in the

Graduate School of Syracuse University

December 1997

Approved by:^{Dr. Marek Podgorny}

Date:

Copyright ' 1997 Tomasz Stachowiak All rights reserved

Table of Contents

1. INTRODUCTION................................................................................................................................ 1

2. TECHNOLOGY .................................................................................................................................. 3

2.1 DATA COMPRESSION........................................................................................................................... 3

2.1.1 Audio compression.................................................................................................................... 4

2.1.1.1 Digital audio ................................................................................................................................... 4

2.1.1.2 ADPCM .......................................................................................................................................... 5

2.1.1.3 GSM 06.10...................................................................................................................................... 6

2.1.2 Video compression.................................................................................................................... 9

2.1.2.1 Video formats ............................................................................................................................... 10

2.1.2.2 H.261 compression algorithm....................................................................................................... 11

Spatial redundancy removal ........................................................................................................................ 12

Temporal redundancy removal .................................................................................................................... 13

Bitstream structure ...................................................................................................................................... 14

Motion vector search................................................................................................................................... 15

2.1.2.3 H.263 compression algorithm....................................................................................................... 16

2.2 MULTIMEDIA STANDARDS ................................................................................................................ 17

2.2.1 Real-Time Protocol (RTP)...................................................................................................... 18

2.2.1.1 RTP header structure .................................................................................................................... 19

2.2.1.2 RTP control protocol (RTCP)....................................................................................................... 20

2.2.2 ITU-T H.323 ........................................................................................................................... 21

2.2.2.1 Terminals ...................................................................................................................................... 22

Audio codec ................................................................................................................................................ 23

Video codec................................................................................................................................................. 23

Data channel................................................................................................................................................ 24

H.245 control function ................................................................................................................................ 24

H.225 layer.................................................................................................................................................. 25

2.2.2.2 Gateways....................................................................................................................................... 25 2.2.2.3 Gatekeepers................................................................................................................................... 25 2.2.2.4 Multipoint controllers (MC) ......................................................................................................... 26 2.2.2.5 Multipoint processors (MP).......................................................................................................... 26 2.2.2.6 Multipoint Control Units (MCU).................................................................................................. 26 2.2.3 ITU-T T.120............................................................................................................................ 27 2.2.3.1 Structure........................................................................................................................................ 27 Generic Conference Control (GCC) ............................................................................................................ 29 Multipoint Communication Service ............................................................................................................ 29 2.2.4 MBone..................................................................................................................................... 30 3. VIDEOCONFERENCING PRODUCTS......................................................................................... 32 3.1 INTEL INTERNET VIDEO PHONE ........................................................................................................ 32 3.2 IBM BAMBAPHONE ......................................................................................................................... 33 3.3 CU-SEEME....................................................................................................................................... 33 3.4 VIC/VAT........................................................................................................................................... 34 3.5 SUMMARY ........................................................................................................................................ 35 4. DESIGN AND IMPLEMENTATION.............................................................................................. 36 4.1 INTRODUCTION................................................................................................................................. 36 4.2 SYSTEM OBJECTIVES ........................................................................................................................ 36 4.3 SYSTEM ARCHITECTURE ................................................................................................................... 38 4.3.1 Multipoint Communication Layer........................................................................................... 40 4.3.2 Session Control Layer............................................................................................................. 41 4.3.3 RTP Layer............................................................................................................................... 42 4.3.4 Application Programmer�s Interfaces (APIs)......................................................................... 43 4.3.4.1 Session API................................................................................................................................... 44 4.3.4.2 Application API ............................................................................................................................ 46 4.4 SESSION CONTROL PROTOCOL .......................................................................................................... 47 4.4.1 Participants management....................................................................................................... 47

4.4.2 Application management........................................................................................................ 50

4.4.3 Maintaining additional conference information..................................................................... 51

4.4.4 Example scenario.................................................................................................................... 52

4.5 APPLICATIONS .................................................................................................................................. 54

4.5.1 Audio Tool .............................................................................................................................. 54

4.5.1.1 Application structure..................................................................................................................... 55

Sending path................................................................................................................................................ 55

Receiving path............................................................................................................................................. 56

Half-duplex switching ................................................................................................................................. 57

4.5.2 Video Tool............................................................................................................................... 58

4.5.2.1 Adapting H.261/H.263 codecs for the videoconferencing purposes............................................. 59

4.5.2.2 Application structure..................................................................................................................... 60

4.5.2.3 Other issues in designing and implementing video application .................................................... 61

Frame rate control ....................................................................................................................................... 61

Video formats conversions.......................................................................................................................... 62

4.5.3 Other collaborative applications............................................................................................ 63

4.5.3.1 Text chat ....................................................................................................................................... 63

4.5.3.2 Whiteboard ................................................................................................................................... 63

Implementation............................................................................................................................................ 64

4.6 DIRECTORY SERVICE........................................................................................................................ 64

4.7 ARCHIVING....................................................................................................................................... 67

4.7.1 Synchronous vs. Asynchronous archiving............................................................................... 68

4.7.2 Architecture ............................................................................................................................ 69

4.7.3 System integration .................................................................................................................. 71

4.7.4 Database integration.............................................................................................................. 72

4.8 OTHER ISSUES IN SYSTEM DESIGN..................................................................................................... 73

4.8.1 Java API ................................................................................................................................. 73

4.8.2 Session security....................................................................................................................... 73

4.9 STANDARDS COMPLIANCE ................................................................................................................ 74

4.10 INTEGRATION WITH WEB-ORIENTED COLLABORATION SYSTEM................................................... 75 4.10.1 Overview of Tango collaborative environment.................................................................. 75 4.10.2 Tango vs. BuenaVista......................................................................................................... 76 4.10.3 Structure of integrated videoconferencing application...................................................... 77 5. CONCLUSIONS................................................................................................................................ 79 6. APPENDICES.................................................................................................................................... 81 6.1 BUENAVISTA FOR PC SCREENSHOTS................................................................................................ 81 7. REFERENCES................................................................................................................................... 82

List of Figures

FIGURE 1 THE SOURCE-FILTER MODEL OF SPEECH PRODUCTION...................................................................... 8

FIGURE 2 GSM CODEC ARCHITECTURE ........................................................................................................... 9

FIGURE 3 INTRA FRAME CODING ................................................................................................................. 12

FIGURE 4 ZIG-ZAG SCAN ............................................................................................................................... 13

FIGURE 5 H.261 BITSTREAM STRUCTURE...................................................................................................... 14

FIGURE 6 H.323 TERMINAL EQUIPMENT........................................................................................................ 23

FIGURE 7 T.120 STRUCTURE ......................................................................................................................... 28

FIGURE 8 MUTICAST DELIVERY ..................................................................................................................... 31

FIGURE 9 SYSTEM COMPONENTS ................................................................................................................... 39

FIGURE 10 LOGICAL SYSTEM STRUCTURE...................................................................................................... 40

FIGURE 11 EXAMPLE SESSION CONTROL SCENARIO ....................................................................................... 53

FIGURE 12 AUDIO APPLICATION STRUCTURE ................................................................................................. 55

FIGURE 13 LOCATION OF DIRECTORY SERVICE IN CONFERENCE STRUCTURE ................................................ 65

FIGURE 14 ARCHIVING SYSTEM STRUCTURE................................................................................................. 70

FIGURE 15 ARCHIVING CAPABILITIES MANAGEMENT ..................................................................................... 72

FIGURE 16 (A) BUENAVISTA-USER INTERACTION (B) BUENAVISTA-TANGO INTEGRATION............................ 78

List of Tables

TABLE 1 H.261 BITSTREAM FIELDS DESCRIPTION.......................................................................................... 15

TABLE 2 RTP HEADER STRUCTURE ............................................................................................................... 19

TABLE 3 T.120 SERIES OF RECOMMENDATIONS............................................................................................. 27

TABLE 4 DATA STRUCTURE FOR CONFERENCE INFORMATION........................................................................ 66

TABLE 5 DATA STRUCTURE FOR USER INFORMATION .................................................................................... 67

xi

PCM Pulse Code Modulation

RFC Request For Comments

RLE Run-Length Encode

RR Receiver Report

RSVP Resource Reservation Protocol

RTCP RTP Control Protocol

RTP Real-time Transport Protocol

SCL Session Control Layer

SD Session Directory

SNR Signal to Noise Ratio

SR Sender Report

SSRC Sending Source

TCP Transmission Control Protocol

TTL Time To Live

UDP User Datagram Protocol

URL Unique Remote Locator

VAT Visual Audio Tool

VIC Videoconferencing Tool

VLC Variable Length Coding

WWW World Wide Web