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Università degli Studi di Genova
Dipartimento di Informatica,
Sistemistica e Telematica
Via all’Opera Pia 13
16145 Genova, Italy
fabio@dist.unige.it



xiv LIST OF CONTRIBUTORS

Haibo Li
Digital Media Lab
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Foreword

Ever since it became possible to drive the electron beams of cathode ray tubes (CRT)
or the coils of loudspeakers with a computer, the number of applications that have
been enabled has been staggering. The practical exploitation can be broadly classified
as follows: (1) the computer can take the role of directly presenting some audio and
visual samples acquired from the natural world and stored on a peripheral device or
(2) it can present the result of computations based on some internal computer program
that produces audio or visual information perceivable by human senses.

The former case has been driven by the telecommunication and audiovisual
entertainment industries – even though these industries used to shy away from the idea
of using a computer as the device driving the presentation – while the latter case has
been driven by the Information Technology (IT) industry and by the hybrid mixture of
the IT and entertainment industries called Video games.

Each of the industries involved used to have their own paradigms. The telecom-
munication and broadcast industries were obsessed with the idea of representing high-
quality information with the smallest number of bits. This implied that the informa-
tion – and it is a lot of bits for a two-hour movie – had to have a binary form. Further,
processing could be virtually anything, provided that it could be implemented in special-
purpose VLSI operating in real time and providing the given audio and video quality.
On the other hand, the IT industry gave little importance to information representation.
It sufficed that it be ‘human readable’ and understood by the specific computing device
at hand. Real-time transmission was not an issue and the need to provide real-time
pictures and audio was mitigated by the fact that information was local.

In July 1993, MPEG started its third standard project: MPEG-4. The title of the
project ‘Very low bit rate audiovisual coding’ betrayed the original goal of serving the
new unstructured world of ubiquitous fixed and mobile digital networks (not to mention
portable storage devices). In a sense it was the continuation of its work done in its pre-
ceding two standards that largely targeted at the telecommunication and entertainment
industries. Two years later, however, MPEG made the bold decision to try and integrate
synthetic audio and visual information as well. This decision signaled the start of the
Synthetic–Natural Hybrid Coding and was a major reason that prompted the change
of the title of the MPEG-4 project six months later to ‘Coding of audiovisual objects’.

This decision posed considerable new technical challenges. To provide what it
claimed, MPEG-4 needed technologies to compose heterogeneous (natural and syn-
thetic) audiovisual objects in a 3-D space. The starting point was provided by the
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technology developed by the Virtual Reality Modeling Language (VRML) Consor-
tium (now Web3D) with which a fruitful collaboration was started in 1997. VRML 97
provided a purely textual representation, but the BInary Format for Scene description
(BIFS) provided a bit-efficient representation. In addition, MPEG added the ability to
extend the static VRML composition technology with real-time updates. Lastly, MPEG
provided a technology to compose objects in a 2-D space as a special case.

This book is particularly concerned with a special part of the MPEG-4 SNHC
world: the capability to animate humanlike faces and bodies. MPEG-4 SNHC could
draw from a wealth of research results that had been waiting for a conversion into
commercial exploitation opportunities and succeeded in striking a balance between
accuracy and efficient coded representation of the information needed to animate faces
and bodies.

This book, authored by some of the major contributors to MPEG-4 Face and
Body Animation (FBA), is recommended to those who want to have an in-depth knowl-
edge of standard face and body animation technologies and to open a window on the
wide world of applications enabled by MPEG-4 FBA.

Leonardo Chiariglione
Telecom Italia Lab



Preface

In the recently released MPEG-4 International Standard, the Moving Pictures Expert
Group extended its focus from traditional audio and video coding to a much broader
multimedia context including images, text, graphics, 3-D scenes, animation and syn-
thetic audio. One of the more revolutionary parts of the new standard is the Face and
Body Animation (FBA) – the specification for efficient coding of shape and animation
of human faces and bodies. This specification is a result of collaboration of experts
with different backgrounds ranging from image coding/compression to video analysis,
computer graphics as well as speech analysis and synthesis, all sharing a common
interest in computer simulation of humans. The result is a specification that is suitable
for a wide range of applications not only in telecommunications and multimedia but
also in fields like computer animation and human–computer interfaces. This is the
first standard for animation of human faces and bodies, and it has already gained a
wide acceptance within the research community. As practical applications emerge, this
acceptance is spreading into the commercial areas as well.

In this book we concentrate on the animation of faces. The authors are some of
the leading practitioners in this field, and include most of the important contributors
to the MPEG-4 Facial Animation (FA) specification. In part one we put the MPEG-4
FA specification against the historical background of research on facial animation and
model-based coding and provide a brief history of the development of the standard
itself. In Part 2 we provide a comprehensive overview of the FA specification with the
goal of helping the reader understand how the standard works, what is the thinking
behind it and how it is intended to be used. Part 3, forming the bulk of the book,
covers the implementations of the standard on both the encoding and decoding side.
We present several face animation techniques for MPEG-4 FA decoders, as well as
architectures for building applications based on the standard. While the standard itself
actually specifies only the decoder, for applications it is interesting to look at tech-
nologies for producing FA content, and we treat a wide range of such technologies
including speech analysis/synthesis and video analysis. The last part of the book brings
a collection of applications using the MPEG-4 FA specification.

In the appendix, we propose a standard benchmark method, with publicly avail-
able data, for assessing the quality of MPEG-4 FA decoders.
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We hope that this book will be a valuable companion for practitioners imple-
menting applications based on the MPEG-4 FA specification or for those who simply
wish to understand the standard and its implications.

Igor S. Pandzic, Robert Forchheimer
Editors


