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Guest Editorial 
Synchronization Issues in 

Multimedia Communications 
I. INTRODUCTION 

N GENERAL, multimedia synchronization denotes a tem- I poral, spatial or even logical relationship between objects, 
data entities, or media streams. In the context of multimedia 
computing and communications, it has become customary to 
address by synchronization the temporal relationship only [ 11, 
[2] .  This notion is still very broad and it captures a large variety 
of issues, including inter-process communication mechanisms 
and concurrent programming languages. Hence, in this edito- 
rial and in all contributions to this special issue, multimedia 
synchronization will refer to the temporal relationship among 
media. 

As described in [3], a multimedia system is characterized 
by the integrated computer-controlled generation, manipula- 
tion, presentation, storage, and communication of independent 
discrete (i.e., time independent, like text and graphics) and 
continuous (i.e., time dependent, like audio and video) media 
data. The digital representation of any data, and the synchro- 
nization between various kinds of media data, are the key 
issues for this integration. Hence, multimedia synchronization 
is needed to ensure a temporal ordering of events in a 
multimedia system. 

In several publications IEEE reflects the member demands 
for information related to multimedia: The ZEEE Computer 
Magazine devoted a first issue on Multimedia Communications 
in October 1985. The most recent issue to focus on multimedia 
appeared in May 1995. In addition, the IEEE Multimedia 
Magazine, published since 1994, is attracting a large reader- 
ship. JSAC had a first issue on Multimedia Communication 
published in April 1990. Papers from that issue are cited 
throughout the multimedia community frequently, e.g., see 
this JSAC issue. Almost all ACM and IEEE Communication 
and Computer Society supported workshops and conferences 
related to multimedia include at least one paper related to 
multimedia synchronization. In conjunction with the 1995 
IEEE International Conference on Multimedia Computing and 
Systems, T. D. C. Little and the first two guest editors of this 
JSAC issue organized the first and very successful workshop 
on multimedia synchronization. 

Considerable work has been performed in the synchroniza- 
tion research and development area. However, there exists no 
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common terminology and there has been a lack of comparative 
work. This was the motivation for the two overviews and 
reference models. Fundamental work for understanding the 
user demands is also still in its infancy. A contribution to this 
issue is given in the second section. With this notion of user 
demands, the next section of papers addresses the topic of how 
to model multimedia synchronization (and therefore how to 
define the temporal relationships). Mechanisms to perform this 
comprise the next section, followed by a discussion on fault 
tolerance issues only (i.e., what shall happen in case of failures 
and how to avoid them). Finally, different implementation 
issues are covered, concluding with fully implemented systems 
and the related experiences. 

This issue is therefore organized to include the following 
six sections: 

11. OVERVIEWS AND REFERENCE MODELS 
The first section is comprised of papers providing the reader 

with an overview of various multimedia synchronization is- 
sues. For researchers and developers active in the multimedia 
synchronization domain, it has been difficult until now to 
obtain a comprehensive overview on the various requirements, 
models, and mechanisms already in place. In the multimedia 
synchronization field there were few terms established and new 
upcoming papers tend to introduce again a new terminology 
to describe their approach. The reference models as described 
in the first two papers provide the reader with a framework 
for categorizing and comparing different approaches. 

Blakowski and Steinmetz, introduce a common terminology 
and start with a description of the requirements from the user 
perspective. Subsequently, they survey the most prominent 
synchronization models to describe the application needs. 
Hence, using these models, the specification of an interface can 
be derived. The layered reference model presented in this paper 
distinguishes various layers, among which are: 1) an intra- 
stream layer which applies to the temporal constraints within 
one data stream, 2) a stream layer which allows the application 
to operate on continuous media streams, as well as groups of 
media streams (including inter-stream synchronization), 3) the 
object layer which hides the differences between discrete and 
continuous media, and 4) the fuzzy layer which allows for the 
specification and use of playout templates. These templates 
incorporate the definition of fuzzy time constraints. The paper 
concludes with a survey of existing work as case studies. 

With their temporal reference framework for multimedia 
synchronization Perez-Luque and Little present a uniform 
theoretical basis for synchronization and temporal specifi- 
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cations. They characterize temporal scenarios, elaborate on 
various models of time, and develop a new synchronization 
framework. This reference model is used to compare various 
synchronization models, namely the timeline approach, OCPN, 
Firefly, path expressions, clock hierarchies, and others. 

Rangan et al. describe continuity and synchronization issues 
in MPEG. This international standard addresses synchroniza- 
tion in various layers: The encoding layer handles compression 
and decompression, interleaves the packets of different media, 
and assembles a stream of packs. Via the system reference 
clock, stamps are inserted at the header of the packs and 
these packs are the unit for maintaining continuity at playback. 
The packets are the basic units for maintaining inter-media 
synchronization using decoding and presentation time stamps. 
This paper provides a very interesting overview on various 
system capabilities and the implied restrictions from the mul- 
timedia synchronization point of view. 

111. USER PERCEPTION 
The requirement to keep temporal relationships within cer- 

tain time borders must be derived from the (subjective) user 
perception of multimedia synchronization. If data are “out 
of synch,” the human perception tends to identify this error 
as data being artificial and annoying. Therefore, the goal of 
any multimedia system is to present all data without any 
synchronization error. The achievement of this goal requires 
a detailed knowledge of the notion of synchronization errors 
at the user interface. 

Steinmetz has worked out a detailed table on the temporal 
inter-media synchronization constraints to be understood as 
an initial guide to system implementors. He undertook a large 
set of experiments to retrieve the appropriate value for lip 
synchronization demands: a skew of 80 ms is allowed between 
audio and video. Subsequently, this paper presents the results 
of pointer synchronization experiments. Finally, the temporal 
aggregation of more than two media is discussed as well as 
the perceptipn of jitter to the user is outlined. 

IV. MODELING 
The users’ and applications’ demands in terms of synchro- 

nization, must be modeled and specified in order to make it 
available to the computing system. A variety of models have 
been worked out, proposed, and implemented. This section 
of papers deals with a set of very different approaches, all 
unique in their sense. In particular, they are based on an 
algebraic background, on Petri Nets, on a probabilistic attribute 
context, free grammar, on events, and on an extended finite 
state machine. 

Haindl elaborates a model based on a description of the 
start and end data unit presentation points including incomplete 
timing. This hierarchical model relies on algebraic, stochastic, 
and event-based fundamentals. It allows one to model any type 
of parallel synchronization. Haindl concludes with a discussion 
of synchronization failure treatment. 

Senac et al. extend the Time Stream Petri Nets model toward 
a hierarchical approach. Hierarchical extensions, based on an 
analysis of Time Stream Petri Nets in the context of modeling 

hypermedia nodes and links, are proposed. Additionally they 
show how logical and temporal synchronization can be com- 
bined into hypermedia synchronization schemes. This paper 
concludes with an example, and some considerations on the 
modeling methodology and tools. 

Raghavan et al. present their probabilistic attribute con- 
text free grammar approach to model any kind of temporal 
multimedia synchronization issue. This is compared to Petri 
Net approaches. A traffic source model of an orchestrated 
presentation is elaborated using this new approach. The authors 
expect that this traffic model will be very useful in performance 
engineering studies related to multimedia system design issues. 

Schnepf et al. describe their FLexible Interactive Presen- 
tation Synchronization (FLIPS) model, which addresses the 
specification of coarse synchronization for flexible presen- 
tations. In particular, it addresses variable duration media 
such as animations and simulations, as well as exhaustive 
user interaction capabilities. With an example comprising a 
narrative, slides and background music, the various features 
of this system are shown. 

Ates et al. makes use of timed CSP (Communicating Se- 
quential Processes) for the specification, verification and simu- 
lation of multimedia synchronization. A model based on timed 
CSP with temporal intervals is presented. Finally, simulation 
models based on this work are presented. As an example, lip 
synchronization is discussed. 

Huang and Lo apply an extended finite state machine 
model to formally specify the temporal relationships between 
various media streams. They address intra-stream synchroniza- 
tion using an Actor and inter-stream synchronization having 
a Synchronizer. This allows modeling both centralized, as 
well as distributed, synchronization issues. This model was 
implemented together with an authoring system. 

V. MECHANISMS 

Whereas models of synchronization allow for a coher- 
ent view and specification of the required demands, mech- 
anisms actually perform this synchronization. These mecha- 
nisms cover synchronization algorithms and protocols. They 
operate on a local basis, as well as in a networked environment. 
However, the question of which system component shall incor- 
porate these mechanisms is not a trivial one. Most approaches 
tend to incorporate them into the communication system, some 
into the operating system, others into application, authoring 
tools, or even database systems. 

Li and Ofek elaborate on a distributed source-destination 
synchronization mechanism which does not rely on a com- 
mon reference clock for the whole distributed set-up. Here 
a distributed in-band signaling for the generation of a global 
clock is presented. These results can be used to implement 
synchronous protocols such as time stamping. 

Akyildiz and Yen present a mechanism to achieve synchro- 
nization for groups of sending and receiving applications. The 
only prerequisite is knowledge on the maximal delay which 
might occur, no common reference clock is required. The 
mechanism is addressed as a protocol for group communi- 
cation. Akyildiz also provides a set of simulation results. 

I 
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Rothermel and Helbig describe their abstraction for group- 
ing and controlling media streams in terms of clock hierar- 
chies. The used model is based on clocks which are related to 
the components of the multimedia application described. The 
related mechanism allows the user to control, i.e., to start, to 
scale and to pause, streams in a networked environment. The 
mechanism works with clocks attached to sinks as well as to 
sources. The mechanism and the related model is part of the 
CINEMA prototype which is in progress. 

Courtiat et aZ. develop a conditional delivery mechanism for 
intra-media and inter-media synchronization. This mechanism 
is specified in Real-Time LOTOS, which is also validated in 
the context of an application scenario. The mechanism resides 
in the compunication system between the transport layer and 
the application. 

VI. FAULT RECOVERY 
A synchronization failure is said to occur whenever a media 

unit is not available for presentation at the expected time 
specified by the scheduler. In such a case the demanded quality 
of service with respect to synchronization requirements can 
not be met; the synchronization system must provide some 
method of exception handling. 

Naik addresses this specific issue in his paper. He introduces 
the notion of detected virtual faults and introduces schemes to 
make faults nonpersistent. Fault recovery is to our point of 
view an issue handled by the mechanisms, whereas a possible 
choice in terms of behavior can be specified as part of the 
model. 

VII. IMPLEMENTATION 
In this last section, papers with implementation-related 

issues are presented. In general, these papers give overall 
approaches which include models, mechanisms and a discus- 
sion of their performance or related experience. The described 
systems grow from enhancements of communication systems 
toward complete approaches, incorporating application expe- 
riences. 

Yang and Huang start with a description of their Petri 
Net based model addressed as a real-time synchronization 
model. This model is applied to the design of a multimedia 
synchronization protocol which comprises the mechanisms for 
performing synchronization. The respective architecture and 
protocol data units are described. The paper concludes with a 
set of performance measurements of this protocol. 

Hui et al. propose to make use of large buffers and feedback 
as a mechanism for achieving synchronization. This flow 
control mechanism is based on three buffer thresholds. A 
performance analysis is provided to show the adaptiveness 
and efficiency of this approach known as the GRAMS server 
and client. 

Chen and Wu develop a mechanism for continuous media 
playback. It is based on multiple threads, which concurrently 
perform the required synchronization. The implementation 
is performed in a local UNIX environment. Finally, some 
performance measurements are provided. 

Blair et al. present their object-oriented model for pro- 
gramming distributed multimedia applications. It is based on 
the synchronous imperative parallel language Esterel with 
reactive objects and quality of service controlled bindings. The 
authors show how this model is applied to achieve intra-stream 
synchronization, lip synchronization, and synchronization in 
a multimedia presentation. The respective mechanisms are 
implemented as extensions to the Chorus micro-kernel. 

Lamont et aZ. make use of their Time Flow Graph and 
Stream Synchronization Protocol for synchronization of mul- 
timedia data. With absence of a global clock, the presented 
stream synchronization protbcol allows for synchronization 
recovery due to the presence of random network delay and 
jitter. This approach also takes into account MPEG-2 coded 
streams. The whole system is implemented as part of a 
multimedia news-on-demand application. Finally, results of 
perforniance modeling of the synchronization protocol, using 
deterministic and stochastic Petri Nets, are discussed in detail. 

VIII. CONCLUSION 

In conclusion, the editors believe that, given that until today 
much work on multimedia synchronization has been carried 
out and presented at many different publications and events, 
this comprehensive JSAC issue on the topic will help the 
overall community to more easily make use of widely spread 
results and will also stimulate further research. 
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