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“This book fills a critical need in multimedia computing by offering a comprehensive, authoritative,
and holistic review of key principles, state-of-the-art technologies, and open issues in this vibrant
field. Authored by two renowned pioneers and educators, it will be a wonderful book for students
and anyone interested in learning more about multimedia.”
- Shih-Fu Chang, Department of Electirical Engineering and Computer Science,
Columbia University

“The multimedia field needed a textbook, and it is finally here. This is a comprehensive textbook
covering a diverse set of topics in modern multimedia. Each chapter is very accessible; this book
will be an excellent resource for beginning graduate students and for practitioners.”
- Professor Mubarak Shah, Center for Research in Computer Vision,
University of Central Florida

“This is the long-awaited textbook on multimedia. The authors, both senior members of the multime-
dia community, have managed to produce a book that is useful not only to students and practi-
tioners but also to many of us in the field. The book is comprehensive in its coverage of the subject,
and it is structured in an easy-to-read way. | particularly like the fact that the exercises are meant to
solicit the readers to think beyond the actual content of the book.”

- Professor Nicu Sebe, University of Trento

“Teaching multimedia is challenging because it encompasses concepts and technology from
many areas, including human perception, digital representation of continuous and discrete data
and behavior, synchronization in space and time, and distributed real-time software/hardware
systems. Applications range from multimedia authoring, analysis, and refrieval to interactive enter-
tainment and distributed collaboration. Multimedia Computing covers a wide range of material
suitable for a one- fo two-semester introduction fo multimedia. It covers the fundamentals of human
perception that produce multimedia experiences through the systems and applications used to
produce these experiences. Friedland and Jain do an excellent job of presenting enough details
and enough guidance to further sources for students to understand the scope of the field and to
learn more about topics of interest.”

- Lawrence A. Rowe, Professor Emeritus, EECS Department,

University of California, Berkeley

“Multimedia Computing is indeed an excellent resource - a one-stop resource - for students, young
researchers, and professionals. The authors have provided the basics from the physics concepts of
sound and light to user interface design for multimedia systems. A must-read book.”

- B. Prabhakaran, Professor and ACM Distinguished Scientist, University of Texas at Dallas

Humans are the best functioning example of multimedia communication and computing - that is,
we understand information and experiences through the unified perspective offered by our five sens-
es. This innovative textbook presents emerging techniques in multimedia computing from an experi-
ential perspective in which each medium - audio, images, text, and so on - is a strong component
of the complete, infegrated exchange of information or experience. The authors’ goal is to present
current techniques in computing and communication that will lead to the development of a unified
and holistic approach to computing using heterogeneous data sources,

Gerald Friedland and Ramesh Jain infroduce the fundamentals of multimedia computing, de-
scribing the properties of perceptually encoded information, presenting common algorithms and
concepts for handling it, and outlining the typical requirements for emerging applications that use
multifarious information sources. Designed for advanced undergraduate and beginning graduate
courses, the book will also serve as an introduction for engineers and researchers interested in under-
standing the elements of multimedia and their role in building specific applications.
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MULTIMEDIA COMPUTING

The word “multimedia” is often associated with specific applications from
entertainment to Web design to video to music. This textbook presents
emerging techniques in multimedia computing from an experiential per-
spective in which each medium - audio, images, text, and so on - is a strong
component of the complete, integrated exchange of information or experi-
ence. Humans are the best functioning example of multimedia communi-
cation and computing - that is, we understand information and experiences
through the unified perspective the combination of our senses offers. The
goal of this book is to present current techniques in computing and commu-
nication thatwill lead to the development of a unified and holistic approach
to computing using heterogeneous data sources.

The authors introduce the fundamentals of multimedia computing, describ-
ingthe properties of perceptually encoded information, presenting common
algorithms and concepts for handling it, and outlining the typical require-
ments for emerging applications that use multifarious information sources.
Designed for advanced undergraduate and beginning graduate courses,
this book will also serve as an introduction for engineers and researchers
interested in understanding the elements of multimedia and their role in
building specific applications.

Gerald Friedland is the director of audio and multimedia research at the
International Computer Science Institute, a research laboratory affiliated
with the University of California, Berkeley.

Ramesh Jain is a Donald Bren Professor in information and computer
sciences at the University of California, Irvine, where he is doing research in
EventWeb and experiential computing for developing and building social
life networks.






Preface

The project to write a textbook on multimedia computing started a few years ago, when the
coauthors independently realized that a book that addresses the basic concepts related to
the increasing volume of multimedia data in different aspects of communications in the
computing age is needed.

Digital computing started with processing numbers, but very soon after its start it began
dealing with symbols of other kinds and developed computational approaches for dealing
with alpha-numeric data. Efforts to use computers to deal with audio, visual, and other
perceptual information did not become successful enough to be used for any applications
until about the 1980s. Only slowly, computer graphics, audio processing, and visual analy-
sis started becoming feasible. First was the ability to store large volumes of audiovisual
data, then displaying or rendering it, then distributing it, and later processing and analyz-
ingit. For that reason, it took until about the 1990s for the term multimedia to grow popular
in computing.

While different fields have emerged around acoustic, visual, and natural text content
that specializes in these data types, multimedia computing deals with documents holisti-
cally, taking into account all media available. Dominated by the availability of electronic
sensors, multimedia communication is currently focused on visual and audio, followed
by metadata (such as GPS) and touch. Multimedia computing deals with multiple media
holistically because the purpose of documents that contain multiple media is to commu-
nicate information. Information about almost all real-world events and objects must be
captured using multiple sensors as each sensor only captures one aspect of the informa-
tion of interest. The challenge for multimedia computing systems is to integrate the differ-
ent information streams into a coherent view. Humans do this every moment of their lives
from birth and are therefore often used as a baseline when building multimedia systems.
Therefore it’s not surprising that, slowly but surely, all computing is becoming multimedia.
The use of multimedia data in computing has grown even more rapidly than imagined just
a few years ago with the installation of cameras in cell phones in combination with the
ability to share multimedia documents in social networks easily.

Itwas at this point that we felt that most of the books introducing multimedia to students
and practitioners discussed technology from a perspective that has now become obsolete.
We wanted to introduce multimedia from a more current, yet sustainable, perspective.



In this book, we adopt a holistic approach in introducing the field of multimedia com-
puting. Instead of introducing multimedia based on the media types (image, audio, video),
we present multimedia as a fundamental and unique discipline that takes advantage of
all media available to solve problems. This results in a unified introduction to the field
by focusing on the fundamental techniques and mathematical foundations of multime-
dia computing as a process in information extraction from diverse types of signals. For
instance, the book introduces lossy compression by presenting the principles of quantiza-
tion and differential coding, before showing how these principles are applied to compres-
sion of image, audio, and video.

Having said that, covering all aspects of different types of signals used in multimedia
computing in a book is not practical. This would require covering large parts of mathemat-
ics, physics, physiology, psychology, electrical engineering, and computer science aspects
of different types of signals and related topics. We therefore decided to adopt a different
approach: introduce the main concepts in a “capsule” form and provide pseudo-code for
algorithms such as ADPCM encoding or the Paeth Predictor. We decided to include many
research papers, blogs, and books giving details and detailed perspectives on different top-
ics under further readings. We will keep these updated in a companion Web version of
the book at http://www.mm-creole.org. Advanced and detailed literature references are
provided that allow the reader to explore the topics beyond the coverage of this book.

We want our book to be used as a textbook for advanced undergraduate or graduate
students in computer science and computer engineering. Students in other areas might
also benefit, but they must have good preparation in programming, data structures, and
data management. Many computer science, computer engineering, and electrical and
computer engineering programs offer a course in multimedia. This book is targeted to be
suitable to support these classes.

We intend to make this a “living book.” Based on reader feedback, development of new
methods and technology, and emerging applications, we will keep updating the book. As
we are finishing the last words for this version we are well aware that this will not be the
end of the project.

We therefore hope you enjoy reading this book and start engaging with this excit-
ing field and, while you do, don't hesitate to contact us to participate in the evolution of
this book.

Gerald Friedland Ramesh Jain

Berkeley and Irvine

November 18, 2013
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