I DEAGROUPPUBLISHING

701 E. Chocolate Avenue, Hershey PA 17033-1117, USA ITB7317
Tel: 717/533-8845; Fax 717/533-8661; URL-http://www.idea-group.com

Chapter XVI

An‘lsochronous Approach to
Multimedia Synchronization
In Digtributed Environments

Zhonghau Yang, Robert Gay and Chee Kheong Siew
Nanyang Technological-University, Singapore

Chengzheng Sun and Abdul Sattar
Griffith University, Australia

In this chapter, we provide a new look at the synchronization issue in distributed
environments. We attempt to expl ore the power-of isochronous protocols, as advocated by
Lamport, to the multimediasynchronization. Itisbased ontheuseof synchronized physical
clock time instead of any form.of.logical' clock or sequence numbers, and thus the clock
synchronization across the distributed system is assumed. An isochronous protocol for
achieving multimediasynchronizationispresented. Derived fromtheglobally synchronized
clock, there exists alattice structure in asystem. M edia conference participating processes
inthe system execute asimple clock-driven protocol, and all significant events(thesending
and delivering of media data) are restricted to occur at lattice points of the globally
synchronized space/time lattice.

This lattice structure greatly simplifies the multimedia synchronization and readily
maintainsthetemporal and causal relationshipamongthemedia Thebasicsimplicity of the
approach makesit easier to understand the precise propertiesand behavior of asystem. The
availabhility of globally synchronized clock (for example, the new version of Internet NTP)
and predictable quality of ‘service of advanced communication networks make theisochro-
nous synchronization approach not only attractive but also practical.

This chapter appears in the book, Multimedia Networking: Technology, Management and Applications by
Syed Mahbubur Rahman.
Copyright © 2002, Idea Group Publishing.
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INTRODUCTION

A multimedia system is characterized by the integrated computer-controlled genera-
tion, manipulation, presentation, storage and communication of independent discrete and
continuous media data. The presentation of any data, and the synchronization between
variouskindsof mediadata, arethekey issuesfor thisintegration (Georganas, Steinmetz and
Nakagawa, 1996). Clearly, multimedia systems have to precisely coordinate the relation-
ships among all media. These relationships include temporal and spatial relationships.
Temporal relationshipsarethe presentation schedul e of media, and-spatial relationshipsare
thelocation arrangements of media. Inthischapter, we are mainly concerned with temporal
relationship and multimedia synchronization mechanism to ensure atemporal ordering of
eventsin amultimedia system.

Synchronization Problems and Approaches

Three types of multimedia synchronization can be distinguished: intra-stream syn-
chronization, inter-stream synchronization and i nter-media synchroni zation (Schul zrinne,
1993; Crowcroft, Handley and Wakeman, 1999).

Intra-stream synchronization, also called playout synchronization, ensures that the
receiver plays out the medium a fixed time after it was generated at the source and
experiencedvariableend-to-end delay. Inother words, intra-streamsynchronization assures
that aconstant rate source at the sender again becomesaconstant rate source at thereceiver,
despitedelay jitter inthenetwork. Theexampleof intra-stream synchronizationisthesingle
stream of video frames. For avideo with arate of 25 frames per second, each of the frames
must be displayed for40 ms. |f the arrival rateis abnormal due to network delay, whichis
not uncommon, thejitter phenomenon occurs. Intra-stream synchronization affectstherate
of presentation. I ntra-stream synchronization isabase part of the H.261 and MPEG coding
systems. H.261 and MPEG systems (ITU 1993; Mitchell, Gall & Fogg, 1996) specify. an
encapsulation of multiple streams, but also how to carry timing information in the stream.
In the Internet, the RTP media specific timestamp provides a general-purpose way of
carrying out the same function.

I nter-streamsynchroni zation ensuresall recei versplay the same segment of amedium
at the same time. Inter-stream synchronization may be needed in collaborative environ-
ments. For example, in a collaborative session the same mediainformation may be reacted
upon by several participants.

The easiest way of synchronizing between streams at different sitesisto useasingle
time reference. There are several ways to provide this time reference, such as:

. The network will have aclock served asasingle reference. Thisapproach isusedin
H.261/ISDNbased systems. A single clock time is propagated around a set of
CODECs and multipoint control units (MCS).

. The network deploys a clock synchronization protocol, such as NTP (the Network
Time Protocol) (Mills, 1993). The timestamps of media packetswill be derived from
the globally synchronized clocks. In this chapter, we will elaborate this approach.
Inter-media synchronization is concerned with-maintaining the requirements of the

temporal relationshi psbetweentwo or moremedia. Lip-synchronizationbetweenvideoand

audio is the example of inter-stream synchronization where the display of video must
synchronize with audio:

Theapproachesused for-inter-stream synchroni zation can al so be used for inter media
synchronization.
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