MULTIMEDIA OVER IP AND WIRELESS
NETWORKS



MULTIMEDIA OVER IP AND
WIRELESS NETWORKS

COMPRESSION, NETWORKING,
AND SYSTEMS

Edited by

Philip A. Chou

Microsoft Corporation

Mihaela van der Schaar
University of California, Los Angeles

AMSTERDAM ¢ BOSTON e HEIDELBERG ® LONDON
NEW YORK ® OXFORD e PARIS ® SAN DIEGO
SAN FRANCISCO e SINGAPORE ® SYDNEY ® TOKYO

ELSEVIER Academic Press is an imprint of Elsevier

ACADEMIC
PRESS



Academic Press is an imprint of Elsevier

30 Corporate Drive, Suite 400, Burlington, MA 01803, USA

525 B Street, Suite 1900, San Diego, California 92101-4495, USA
84 Theobald’s Road, London WC1X 8RR, UK

This book is printed on acid-free paper. &

Copyright © 2007, Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopy, recording, or any information storage and
retrieval system, without permission in writing from the publisher.

Permissions may be sought directly from Elsevier’s Science & Technology Rights De-
partment in Oxford, UK: phone: (+44) 1865 843830, fax: (+44) 1865 853333, E-mail:
permissions @elsevier.com. You may also complete your request on-line via the Elsevier
homepage (http://elsevier.com), by selecting “Support & Contact” then “Copyright and
Permission” and then “Obtaining Permissions.”

Library of Congress Cataloging-in-Publication Data
Application submitted

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

ISBN 13: 978-0-12-088480-3
ISBN 10: 0-12-088480-1

For information on all Academic Press publications
visit our Web site at www.books.elsevier.com

Printed in the United States of America
07 08 09 10 11 10 9 8 7 6 5 4 3 2 1

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER  BOOKAID  qiphre Foundation




Table of Contents

About the Editors vii
About the Authors ix
Part A Overview 1
Chapter 1  Multimedia Networking and Communication: Principles

and Challenges 3
Mihaela van der Schaar and Philip A. Chou

Part B Compression 11

Chapter

2

Error-Resilient Coding and Decoding Strategies for Video
Communication 13
Thomas Stockhammer and Waqar Zia

Chapter 3  Error-Resilient Coding and Error Concealment Strategies
for Audio Communication 59
Dinei Floréncio

Chapter 4  Mechanisms for Adapting Compressed Multimedia to
Varying Bandwidth Conditions 81
Antonio Ortega and Huisheng Wang

Chapter 5  Scalable Video Coding for Adaptive Streaming Applications 117
Béatrice Pesquet-Popescu, Shipeng Li, and
Mihaela van der Schaar

Chapter 6  Scalable Audio Coding 159
Jin Li

Part C IP Networking 185

Chapter 7  Channel Protection Fundamentals 187

Raouf Hamzaoui, Viladimir Stankovic, Zixiang Xiong,
Kannan Ramchandran, Rohit Puri, Abhik Majumdar, and
Jim Chou



vi

Chapter

Chapter

Chapter

Part D

Chapter

Chapter

Chapter

Part E
Chapter

Chapter

Chapter

Part F
Chapter

Chapter

Chapter

Index

TABLE OF CONTENTS

8  Channel Modeling and Analysis for the Internet
Hayder Radha and Dmitri Loguinov

9  Forward Error Control for Packet Loss and Corruption

Raouf Hamzaoui, Vladimir Stankovi¢, and Zixiang Xiong

10 Network-Adaptive Media Transport
Mark Kalman and Bernd Girod

Wireless Networking

11 Performance Modeling and Analysis over Medium Access

Control Layer Wireless Channels
Syed Ali Khayam and Hayder Radha

12 Cross-Layer Wireless Multimedia
Mihaela van der Schaar

13 Quality of Service Support in Multimedia Wireless
Environments
Klara Nahrstedt, Wanghong Yuan, Samarth Shah,
Yuan Xue, and Kai Chen

Systems

14 Streaming Media on Demand and Live Broadcast
Philip A. Chou

15 Real-Time Communication: Internet Protocol Voice and
Video Telephony and Teleconferencing
Yi Liang, Yen-Chi Lee, and Andy Teng

16 Adaptive Media Playout
Eckehard Steinbach, Yi Liang, Mark Kalman, and
Bernd Girod

Advanced Topics

17 Path Diversity for Media Streaming
John Apostolopoulos, Mitchell Trott, and Wai-Tian Tan

18 Distributed Video Coding and Its Applications

Abhik Majumdar, Rohit Puri, Kannan Ramchandran, and

Jim Chou

19 Infrastructure-Based Streaming Media Overlay Networks

Susie Wee, Wai-Tian Tan, and John Apostolopoulos

229

271

293

311

313

337

409

451

453

503

527

557

559

591

633

671



ABOUT THE EDITORS

Mihaela van der Schaar received her Ph.D. degree from Eindhoven University
of Technology, Eindhoven, The Netherlands, in 2001. She is currently an Assis-
tant Professor in the Electrical Engineering Department at UCLA. Prior to this,
between 1996 and June 2003 she was a senior researcher at Philips Research in
the Netherlands and the USA, where she led a team of researchers working on
multimedia coding, processing, networking, and streaming algorithms and archi-
tectures. She has published extensively on multimedia compression, processing,
communications, networking, and architectures and holds 28 granted U.S. patents
and several more pending. Since 1999, she has been an active participant to the
ISO Motion Picture Expert Group (MPEG) standard, to which she made more
than 50 contributions and for which she received three ISO recognition awards.
She chaired the ad hoc group on MPEG-21 Scalable Video Coding for three
years, and also co-chaired the MPEG ad hoc group on Multimedia Test-bed. She
is a senior member of IEEE, and was also elected as a Member of the Technical
Committee on Multimedia Signal Processing (MMSP TC) and Image and Mul-
tidimensional Signal Processing Technical Committee (IMDSP TC) of the IEEE
Signal Processing Society. She was an Associate Editor of IEEE Transactions
on Multimedia and SPIE Electronic Imaging Journal from 2002 to 2005. Cur-
rently, she is an Associate Editor of IEEE Transactions on Circuits and Systems
for Video Technology and an Associate Editor of IEEE Signal Processing Letters.
She served as a General Chair for the Picture Coding Symposium (PCS) in 2004.
She received the NSF CAREER Award in 2004, the IBM Faculty Award in 2005,
the Okawa Foundation Award in 2006, and the Best Paper Award for her paper
published in 2005 in the IEEE Transactions on Circuits and Systems for Video
Technology.

Philip A. Chou received a B.S.E. degree from Princeton University, Princeton,
NJ, in 1980, and an M.S. degree from the University of California, Berkeley, in

vii



viii ABOUT THE EDITORS

1983, both in electrical engineering and computer science, and a Ph.D. degree
in electrical engineering from Stanford University in 1988. From 1988 to 1990,
he was a Member of Technical Staff at AT&T Bell Laboratories in Murray Hill,
NJ. From 1990 to 1996, he was a Member of Research Staff at the Xerox Palo
Alto Research Center in Palo Alto, CA. In 1997, he was the manager of the com-
pression group at VXtreme in Mountain View, CA, before it was acquired by
Microsoft in 1997. From 1998 to the present, he has been a Principal Researcher
with Microsoft Research in Redmond, Washington, where he currently manages
the Communication and Collaboration Systems research group. Dr. Chou also
served as a Consulting Associate Professor at Stanford University from 1994 to
1995, an Affiliate Associate Professor at the University of Washington since 1998,
and an Adjunct Professor at the Chinese University of Hong Kong since 2006. Dr.
Chou’s research interests are data compression, information theory, communica-
tions, and pattern recognition, with applications to video, images, audio, speech,
and documents. Dr. Chou served as an Associate Editor in source coding for the
IEEE Transactions on Information Theory from 1998 to 2001 and as a Guest As-
sociate Editor for special issues in the IEEE Transactions on Image Processing
and the IEEE Transactions on Multimedia in 1996 and 2004, respectively. From
1998 to 2004, he was a Member of the IEEE Signal Processing Society’s Image
and Multidimensional Signal Processing Technical Committee (IMDSP TC). He
served as Program Committee Chair for the inaugural NetCod 2005 workshop,
and he currently serves on the organizing committee for ICASSP 2007. He is a
Fellow of the IEEE, a member of Phi Beta Kappa, Tau Beta Pi, Sigma Xi, and the
IEEE Computer, Information Theory, Signal Processing, and Communications
Societies, and was an active member of the MPEG committee. He is the recipient,
with Anshul Seghal, of the 2002 ICME Best Paper award, and he is the recipient,
with Tom Lookabaugh, of the 1993 Signal Processing Society Paper award.



ABOUT THE AUTHORS

John Apostolopoulos received his B.S., M.S., and Ph.D. degrees in EECS from
Massachusetts Institute of Technology (MIT). He joined Hewlett-Packard Labo-
ratories in 1997, where he is a Principal Research Scientist and Project Manager
for the Streaming Media Systems Group. He also teaches and conducts joint re-
search at Stanford University, where he is a Consulting Assistant Professor in EE.
He received a Best Student Paper Award for part of his Ph.D. thesis, the Young
Investigator Award (Best Paper Award) at VCIP 2001 for his paper on multi-
ple description video coding and path diversity for reliable video communication
over lossy packet networks, and in 2003 was named “one of the world’s top 100
young (under 35) innovators in science and technology” (TR100) by Technology
Review. He contributed to both the U.S. Digital Television and JPEG-2000 Se-
curity (JPSEC) standards. His research interests include improving the reliability,
fidelity, scalability, and security of media communication over wired and wireless
packet networks.

Kai Chen received his Ph.D. degree in Computer Science from the University
of Illinois at Urbana-Champaign in 2004. He received his M.S. and B.S. degrees
from University of Delaware and Tsinghua University, respectively. He is cur-
rently working at Google Inc.

Jim Chou received B.S. and M.S. degrees in electrical engineering from the Uni-
versity of Illinois at Urbana-Champaign in 1995 and 1997, respectively. He re-
ceived the Ph.D. degree in electrical engineering from the University of Califor-
nia, Berkeley in 2002. He has worked at TRW, Bytemobile, and Sony Research in
the past. Jim holds two U.S. patents and has several patents pending. Currently,
Jim is a Video Architect at C2 Microsystems. His research interests include cod-
ing theory, wireless video transmission, digital watermarking, and estimation and
detection theory.

Philip A. Chou is Principal Researcher and Manager of the Communication and
Collaboration Systems group at Microsoft Research. He also holds affiliate pro-

ix



X ABOUT THE AUTHORS

fessor positions at the University of Washington and the Chinese University of
Hong Kong. Prior to coming to Microsoft, Dr. Chou was Compression Group
Manager at VXtreme (a startup company acquired by Microsoft) in 1997, a Mem-
ber of Research Staff at the Xerox Palo Alto Research Center from 1990 to 1996,
a Consulting Associate Professor at Stanford from 1994 to 1995, and a Member
of the Technical Staff at AT&T Bell Laboratories from 1988 to 1990. Dr. Chou
received a Ph.D. from Stanford University in 1988, an M.S. from the University
of California, Berkeley, in 1983, and a B.S.E. from Princeton University in 1980.
His research interests include data compression, information theory, communica-
tions, and pattern recognition, with applications to video, images, audio, speech,
and documents. Dr. Chou is a Fellow of IEEE.

Dinei Floréncio received B.S. and M.S. degrees from the University of Brasilia,
Brazil, and a Ph.D. degree from the Georgia Institute of Technology, Atlanta, all
in electrical engineering. He has been a researcher in the communication and col-
laboration systems group at Microsoft Research since 1999. From 1996 to 1999,
he was a Member of Research Staff at the David Sarnoff Research Center. From
1994 to 1996, he was an Associated Researcher with AT&T Human Interface Lab
(now part of NCR), and an intern at the (now defunct) Interval Research in 1994.
He is a Senior Member of the IEEE. He has published over 25 referred papers,
has been granted 20 U.S. patents, and has received the 1998 Sarnoff Achievement
Award.

Bernd Girod is Professor of Electrical Engineering and (by courtesy) Computer
Science in the Information Systems Laboratory of Stanford University, California.
He was Chaired Professor of Telecommunications in the Electrical Engineering
Department of the University of Erlangen-Nuremberg from 1993 to 1999. His
research interests are in the areas of video compression and networked media sys-
tems. Prior visiting or regular faculty positions include the Massachusetts Institute
of Technology, Georgia Institute of Technology, and Stanford University. He has
been involved with several startup ventures as founder, director, investor, or advi-
sor, among them Vivo Software, 8x8 (Nasdaq: EGHT), and RealNetworks (Nas-
daq: RNWK). Since 2004, he has served as the Chairman of the new Deutsche
Telekom Laboratories in Berlin. He received an Engineering Doctorate from Uni-
versity of Hannover, Germany, and an M.S. degree from Georgia Institute of Tech-
nology. Professor Girod is a Fellow of IEEE.

Raouf Hamzaoui received an M.Sc. degree in mathematics from the University
of Montreal, Canada, in 1993, the Dr. rer. nat. degree from the Faculty of Applied
Sciences of the University of Freiburg, Germany, in 1997, and the Habilitation
degree in computer science from the University of Konstanz, Germany, in 2004.



ABOUT THE AUTHORS xi

From 2000 to 2002, he was an Assistant Professor with the Department of Com-
puter Science of the University of Leipzig, Germany. From 2002 to August 2006,
he was an Assistant Professor with the Department of Computer and Information
Science of the University of Konstanz. Since September 2006, he has been a Pro-
fessor for Media Technology in the School of Engineering and Technology at De
Montfort University, Leicester, United Kingdom. His research interests include
image and video compression, multimedia communication, channel coding, and
algorithms.

Mark Kalman received a B.S. in Electrical Engineering and a B.Mus. in Compo-
sition from Johns Hopkins University in 1997. He completed his M.S. and Ph.D.
degrees, both in Electrical Engineering, at Stanford University in 2001 and 2006,
respectively. He is currently with Pure Digital Technologies, Inc., in San Fran-
cisco, California.

Syed Ali Khayam received his B.E. degree in Computer Systems Engineering
from National University of Sciences and Technology (NUST), Pakistan, in 1999
and his M.S. degree in Electrical Engineering from Michigan State University
(MSU) in 2003. He received his Ph.D. from MSU in December 2006. He worked
at Communications Enabling Technologies from October 2000 to August 2001.
His research interests include analysis and modeling of statistical phenomena in
computer networks, network security with emphasis on detection and mitigation
of self-propagating malware, cross-layer design for wireless networks, and real-
time multimedia communications.

Yen-Chi Lee received a B.S. and M.S. degrees in Computer Science and Informa-
tion Engineering from National Chiao-Tung University, Hsinchu, Taiwan, R.O.C.,
in 1997 and 1999, respectively, and a Ph.D. degree in Electrical and Computer
Engineering from Georgia Institute of Technology, Atlanta, in 2003. In 2003, he
joined Nokia Research Center, Irving, TX, as a research engineer, where he con-
ducted research on video teleconferencing over GSM GPRS/EGPRS networks.
He has been with Qualcomm Inc., San Diego, CA, as a video system engineer
since 2004. His current research focuses on the areas of video compression tech-
niques and real-time wireless video communications; particularly, error-resilient
video coding and error control, low-delay video rate control, and channel rate
adaptation. Yen-Chi has published 16 research papers and currently holds 14
pending patent applications.

Jin Li is currently a Senior Researcher at Microsoft Research (MSR) Redmond.
He received his Ph.D. from Tsinghua University in 1994. Before moving to Red-
mond, he worked at the University of Southern California, the Sharp Laboratories



xii ABOUT THE AUTHORS

of America, and MSR Asia. Since 2000, Dr. Li has also served as an adjunct pro-
fessor at Tsinghua University. Dr. Li has more than 80 referred conference and
journal papers in a diversified research field of media compression and commu-
nication and peer-to-peer content delivery. He holds 18 issued U.S. patents, with
many more pending. Dr. Li is an Area Editor for the Journal of Visual Commu-
nication and Image Representation (Academic Press) and an Associate Editor of
IEEE Transactions on Multimedia. He is a Senior Member of IEEE. He was the
recipient of the 1994 Ph.D. Thesis Award from Tsinghua University and the 1998
Young Investigator Award from SPIE Visual Communication and Image Process-
ing.

Shipeng Li received B.S. and M.S. degrees from the University of Science and
Technology of China (USTC), Hefei, China, in 1988 and 1991, respectively, and
a Ph.D. degree from Lehigh University, Bethlehem, PA, in 1996, all in electrical
engineering. He was with the Electrical Engineering Department, USTC, from
1991 to 1992. He was a Member of Technical Staff with Sarnoff Corporation,
Princeton, NJ, from 1996 to 1999. He has been a Researcher with Microsoft Re-
search Asia, Beijing, China, since May 1999 and has contributed to some tech-
nologies in MPEG-4 and H.264. His research interests include image/video com-
pression and communications, digital television, multimedia, and wireless com-
munication.

Yi Liang’s expertise is in the areas of networked multimedia systems, real-time
voice and video communication, and low-latency media streaming over wire-line
and wireless networks. Currently holding positions at Qualcomm CDMA Tech-
nologies, San Diego, CA, he is responsible for the design and development of
video and display system architecture for multimedia handset chipsets. From 2000
to 2001, he conducted research with Netergy Networks, Inc., Santa Clara, CA,
on voice-over-IP systems that provide superior quality over best-effort networks.
From 2001 to 2003, he led the Stanford-Hewlett-Packard Labs low-latency video
streaming project, in which he and his colleagues developed error-resilience tech-
niques for rich-media-communication-over-IP networks at very low latency. In
the summer of 2002 at Hewlett-Packard Labs, Palo Alto, CA, he developed an
accurate loss-distortion model for compressed video and contributed in the de-
velopment of the pioneering mobile streaming media content delivery network
(MSM-CDN) that delivers rich media over 3G wireless. Yi Liang received a Ph.D.
degree in Electrical Engineering from Stanford University in 2003 and a B.Eng.
degree from Tsinghua University, Beijing, China, in 1997.

Dmitri Loguinov received a B.S. degree (with honors) in computer science from
Moscow State University, Russia, in 1995 and a Ph.D. degree in computer sci-
ence from the City University of New York in 2002. Since 2002, he has been



ABOUT THE AUTHORS xiii

an Assistant Professor of Computer Science with Texas A&M University, Col-
lege Station. His research interests include peer-to-peer networks, Internet video
streaming, congestion control, topology modeling, and Internet traffic measure-
ment.

Abhik Majumdar received a B.Tech. degree from the Indian Institute of Technol-
ogy (IIT), Kharagpur, and M.S. and Ph.D. degrees from the University of Califor-
nia, Berkeley, in 2000, 2003, and 2005, respectively, all in Electrical Engineering.
He is currently with Pure Digital Technologies, San Francisco, CA. His research
interests include multimedia compression and networking and wireless communi-
cations. Dr. Majumdar was awarded the Institute Silver Medal from L.I.T. Kharag-
pur for outstanding achievement in the graduating class of 2000.

Klara Nahrstedt is a Full Professor at the University of Illinois at Urbana-
Champaign, Computer Science Department. Her research interests are directed
toward multimedia distributed systems, quality of service (QoS) management in
wired and mobile ad hoc networks, QoS-aware resource management in distrib-
uted multimedia systems, QoS-aware middleware systems, quality of protection
in multimedia systems, and tele-immersive applications. She is the co-author of
the widely used multimedia book Multimedia: Computing, Communications and
Applications, published by Prentice Hall in 1995, and the multimedia book Mul-
timedia Systems, published by Springer-Verlag in 2004. She is the recipient of
the Early NSF Career Award, the Junior Xerox Award, and the IEEE Commu-
nication Society Leonard Abraham Award for Research Achievements. She is
the Editor-in-Chief of the ACM/Springer Multimedia Systems Journal, and the
Ralph and Catherine Fisher Professor. Klara Nahrstedt received her B.A. in math-
ematics from Humboldt University, Berlin, in 1984, and an M.Sc. degree in nu-
merical analysis from the same university in 1985. She was a research scien-
tist in the Institute for Informatik in Berlin until 1990. In 1995, she received
her Ph.D. from the University of Pennsylvania in the Department of Computer
and Information Science. She is a Member of ACM and a Senior Member of
IEEE.

Antonio Ortega received the Telecommunications Engineering degree from the
Universidad Politecnica de Madrid, Spain, in 1989 and the Ph.D. in Electri-
cal Engineering from Columbia University, New York, NY in 1994. His Ph.D.
work was supported by a Fulbright Scholarship. In 1994, he joined the Electrical
Engineering-Systems department at the University of Southern California, where
he is currently a Professor and Associate Chair of the Department. He is a Se-
nior Member of IEEE, and a Member of ACM. He has been Chair of the Image
and Multidimensional Signal Processing Technical Committee (IMDSP TC) and



xiv ABOUT THE AUTHORS

a member of the Board of Governors of the IEEE SPS (2002). He was the Tech-
nical Program Co-chair of ICME 2002 and has served as Associate Editor for the
IEEE Transactions on Image Processing and the IEEE Signal Processing Letters.
He received the National Science Foundation (NSF) CAREER award, the 1997
IEEE Communications Society Leonard G. Abraham Prize Paper Award, and the
IEEE Signal Processing Society 1999 Magazine Award. His research interests are
in the areas of multimedia compression and communications. His recent work
focuses on distributed compression, multiview coding, compression for recogni-
tion and classification applications, error-tolerant compression, and information
representation for wireless sensor networks.

Béatrice Pesquet-Popescu is an Associate Professor at ENST Paris, where she is
currently the leader of the Multimedia Group. Her current research interests are
in scalable and robust video coding, adaptive wavelets, and multimedia applica-
tions. EURASIP gave her a Best Student Paper Award in the IEEE Signal Process-
ing Workshop on Higher-Order Statistics in 1997; in 1998, she received a Young
Investigator Award granted by the French Physical Society, and she received, to-
gether with D. Turaga and M. van der Schaar, the 2006 IEEE Circuits and Systems
Society CSVT Transactions Best Paper Award for the paper “Complexity Scalable
Motion Compensated Wavelet Video Encoding.” She has authored more than one
hundred book chapters, journal articles, and conference papers in the field and
holds more than 20 patents in wavelet-based video coding. She is a Member of the
IEEE Multimedia Signal Processing Technical Committee, an elected EURASIP
AdCom Member, and a Senior Member of IEEE.

Rohit Puri received a B.Tech. degree from the Indian Institute of Technology,
Bombay, the M.S. degree from the University of Illinois at Urbana-Champaign,
and a Ph.D. degree from the University of California, Berkeley, in 1997, 1999,
and 2002, respectively, all in electrical engineering. From 2003 to 2004, he was
with Sony Electronics Inc., San Jose, CA. He was then with the EECS Depart-
ment, University of California, Berkeley, as a Research Engineer. He is currently
a Senior Video Architect at PortalPlayer Inc., San Jose, CA. His research inter-
ests include multimedia compression, distributed source coding, multiple descrip-
tions coding, and multi-user information theory. Dr. Puri was awarded the Insti-
tute Silver Medal by the Indian Institute of Technology, Bombay, for outstanding
achievement in the graduating class, in 1997. He was a recipient of the 2004 Eli-
ahu L. Jury Award at the University of California, Berkeley, for the best doctoral
thesis in the area of systems, signal processing, communications, and controls.

Hayder Radha is a Professor of Electrical and Computer Engineering at Michi-
gan State University (MSU). He received his Ph.M. and Ph.D. degrees from
Columbia University in 1991 and 1993, an M.S. degree from Purdue University



ABOUT THE AUTHORS XV

in 1986, and a B.S. degree (honors) from MSU in 1984 (all in electrical engineer-
ing). From 1996 to 2000, he worked for Philips Research as a Principal Member of
Research Staff and Consulting Scientist in the Video Communications Research
Department. From 1986 to 1996, he worked at Bell Labs in the areas of digital
communications, image processing, and broadband multimedia networking. He
served as Co-chair and Editor of the Broadband and LAN Video Coding Experts
Group of the ITU-T. He was a Philips Research Fellow, and he is a recipient of
the Bell Labs Distinguished Member of Technical Staff, AT&T Circle of Excel-
lence, College of Engineering Withrow Distinguished Scholar, and the Microsoft
Research Content and Curriculum Awards.

Kannan Ramchandran received M.S. and Ph.D. degrees from Columbia Uni-
versity in Electrical Engineering in 1984 and 1993, respectively. From 1984 to
1990, he was a Member of Technical Staff at AT&T Bell Labs in the telecommu-
nications R&D area. From 1993 to 1999, he was on the faculty of the Electrical
and Computer Engineering Department at the University of Illinois at Urbana-
Champaign and was a Research Assistant Professor at the Beckman Institute and
the Coordinated Science Laboratory. Since fall 1999, he has been an Associate
Professor in the Electrical Engineering and Computer Sciences department, Uni-
versity of California, Berkeley. His current research interests include distributed
algorithms for signal processing and communications, multi-user information the-
ory, wavelet theory and multiresolution signal processing, and unified algorithms
for multimedia signal processing, communications, and networking. Dr. Ram-
chandran was a recipient of the 1993 Eliahu I. Jury Award at Columbia University
for the best doctoral thesis in the area of systems, signal processing, and commu-
nications. His research awards include the National Science Foundation (NSF)
CAREER award in 1997, ONR and ARO Young Investigator Awards in 1996 and
1997, and the Okawa Foundation Award at the University of California, Berkeley,
in 2000. In 1998, he was selected as a Henry Magnusky Scholar by the Electrical
and Computer Engineering department at the University of Illinois, an honor that
recognizes excellence among junior faculty. He is the co-recipient of two Best Pa-
per Awards from the IEEE Signal Processing Society, has been a Member of the
IEEE Image and Multidimensional Signal Processing Committee and the IEEE
Multimedia Signal Processing Committee, and has served as an Associate Editor
for the IEEE Transactions on Image Processing.

Samarth Shah received his B.E. degree in Computer Science and Engineering
from the University of Madras, India, in 1998 and completed his Ph.D. in Com-
puter Science at the University of Illinois at Urbana-Champaign in 2005. Since
2005, he has been working at Motorola Inc. in Libertyville, Illinois, in the area of
VoIP-over-WiFi.



xvi ABOUT THE AUTHORS

Vladimir Stankovi¢ received the Dipl.-Ing. degree in electrical engineering from
the University of Belgrade, Serbia, in 2000, and the Dr.-Ing. degree from the
University of Leipzig, Germany, in 2003. From 2002 to 2003, he was with the
Department of Computer and Information Science, University of Konstanz, Ger-
many. From June 2003 to February 2006, he was with the Department of Electrical
and Computer Engineering at Texas A&M University, College Station, first as a
Postdoctoral Research Associate and then as a Research Assistant Professor. In
February 2006, Dr. Stankovi¢ joined the Department of Communication Systems,
Lancaster University, Lancaster, United Kingdom, as a lecturer. His research fo-
cuses on multimedia networking, network information theory, and wireless com-
munications.

Eckehard Steinbach (IEEE M’96) studied Electrical Engineering at the Uni-
versity of Karlsruhe, Germany, the University of Essex, United Kingdom, and
ESIEE in Paris. From 1994 to 2000, he was a member of the research staff of
the Image Communication Group at the University of Erlangen-Nuremberg (Ger-
many), where he received an Engineering Doctorate in 1999. From February 2000
to December 2001, he was a Postdoctoral Fellow with the Information Systems
Laboratory of Stanford University. In February 2002, he joined the Department
of Electrical Engineering and Information Technology of Munich University of
Technology, Germany, where he is currently an Associate Professor for Media
Technology. His current research interests are in the area of networked and inter-
active multimedia systems.

Thomas Stockhammer has been working at the Munich University of Tech-
nology, Germany and was visiting researcher at Rensselear Polytechnic Institute
(RPI), Troy, NY and at the University of San Diego, California (UCSD). He has
published more than 80 conference and journal papers, is member of different
program committees, and holds several patents. He regularly participates and con-
tributes to different standardization activities, such as JVT, IETF, 3GPP, ITU, and
DVB, and has co-authored more than 100 technical contributions. He is acting
chairman of the video ad hoc group of 3GPP SA4. He is also co-founder and
CEO of Novel Mobile Radio (NoMoR) Research, a company working on the
simulation and emulation of future mobile networks. He is working as a research
and standardization consultant for Siemens Mobile Devices and now consults for
Digital Fountain, the leading provider for forward error correction. His research
interests include video transmission, cross-layer and system design, forward error
correction, content delivery protocols, rate—distortion optimization, information
theory, and mobile communications.

Wai-Tian Tan joined Hewlett-Packard Laboratories in December 2000, where he
is a member of the Streaming Media Systems Group. He received a B.S. degree



ABOUT THE AUTHORS xvii

from Brown University in 1992, an M.S.E.E. degree from Stanford University in
1993 and a Ph.D. degree from the University of California, Berkeley, in 2000. He
worked for Oracle Corporation from 1993 to 1995. His research focuses on adap-
tive media streaming, both at the end-point and inside the delivery infrastructure.

Chia-Yuan (Andy) Teng was born in Taipei, Taiwan, China, in 1964. He received
a college diploma from National Taipei Institute of Technology, Taipei, Taiwan,
in 1984, a M.S. degree in Electrical Engineering from National Sun Yat-Sen Uni-
versity, Kaoshiung, Taiwan, in 1989, and a Ph.D. degree in Electrical Engineering
and Computer Science from the University of Michigan, Ann Arbor, in 1996. In
1989, he was with the Industrial Technology Research Institute (ITRI), Hsinchu,
Taiwan. From 1990 to 1992, he was a Faculty Member of the Department of EE,
Chien-Hsin Institute of Technology, Chunli, Taiwan. From 1996 to 1998, he was
with the Corporate Research, Thomson Multimedia, where he participated in the
standardization and research of digital TV, satellite, and cable systems. From 1998
to 2004, he was with the San Diego R&D Center, Nokia Mobile Phones, where
he was a Technical Team Leader in DSP entity and involved in the development
and design for multimedia, streaming, and DSP firmware. Dr. Teng joined Qual-
comm Corporation in Aug. 2004, where he is currently a Staff Engineer/Manager
in the Video Systems Group. His research interests include video/image coding,
video/image processing, multimedia streaming, Internet protocols, and video tele-
phony.

Mitchell Trott received B.S. and M.S. degrees in Systems Engineering from Case
Western Reserve University in 1987 and 1988, respectively, and a Ph.D. in elec-
trical engineering from Stanford University in 1992. He was an Associate Pro-
fessor in the Department of Electrical Engineering and Computer Science at the
Massachusetts Institute of Technology (MIT) from 1992 until 1998, and director
of research at ArrayComm from 1997 through 2002. He is now a member of the
Streaming Media Systems Group at Hewlett-Packard Laboratories. His research
interests include streaming media systems, multi-user and wireless communica-
tion, and information theory.

Mihaela van der Schaar is currently an Assistant Professor in the Electrical
Engineering Department at UCLA. She has published extensively on multime-
dia compression, processing, communications, networking, and architectures and
holds 28 granted U.S. patents. Since 1999, she has been an active participant to
the ISO Motion Picture Expert Group (MPEG) standard, to which she made more
than 50 contributions and for which she received three ISO recognition awards.
She was an Associate Editor of IEEE Transactions on Multimedia and SPIE Elec-
tronic Imaging Journal and is currently an Associate Editor of IEEE Transactions



xviii ABOUT THE AUTHORS

on Circuits and System for Video Technology and of IEEE Signal Processing Let-
ters. She received the NSF CAREER Award in 2004, the IBM Faculty Award in
2005, the Okawa Foundation Award in 2006, and the Best Paper Award for her
paper published in 2005 in the IEEE Transactions on Circuits and Systems for
Video Technology.

Huisheng Wang received the B.Eng. degree from Xi’an Jiaotong University,
China, in 1995 and the M.Eng. degree from Nanyang Technological University,
Singapore, in 1998, both in electrical engineering. She is currently pursuing her
Ph.D. degree in the Department of Electrical Engineering-Systems at the Uni-
versity of Southern California, Los Angeles. From 1997 to 2000, she worked in
Creative Technology Ltd., Singapore as a R&D software engineer. She was also
a research intern at La Jolla Lab, ST Microelectronics, San Diego, CA, and at HP
Labs, Palo Alto, CA. Her research interests include signal processing, multimedia
compression, networking, and communications.

Susie Wee is the Director of the Mobile and Media Systems Lab in Hewlett-
Packard Laboratories (HP Labs). She is responsible for research programs in mul-
timedia, networked sensing, next-generation mobile multimedia systems, and ex-
perience design. Her lab has activities in the U.S., Japan, and the United Kingdom,
and includes collaborations with partners around the world. Wee’s research inter-
ests broadly embrace the design of mobile streaming media systems, secure scal-
able streaming methods, and efficient video delivery algorithms. In addition to her
work at HP Labs, Wee is a Consulting Assistant Professor at Stanford University.
She received Technology Review’s Top 100 Young Investigators Award in 2002,
served as an Associate Editor for the IEEE Transactions on Image Processing and
IEEE Transactions on Circuits, Systems, and Video Technologies. She is currently
a Co-Editor of the JPEG-2000 Security standard (JPSEC). Wee received her B.S.,
M.S., and Ph.D. degrees in electrical engineering from the Massachusetts Institute
of Technology (MIT).

Zixiang Xiong received a Ph.D. degree in Electrical Engineering in 1996 from
the University of Illinois at Urbana-Champaign. He is currently an Associate Pro-
fessor in the Department of Electrical and Computer Engineering at Texas A&M
University, College Station. His research interests are network information the-
ory, code designs and applications, networked multimedia, and genomic signal
processing.

Yuan Xue received her B.S. in Computer Science from Harbin Institute of Tech-
nology, China in 1998 and her M.S. and Ph.D. in Computer Science from the
University of Illinois at Urbana-Champaign in 2002 and 2005, respectively. Cur-
rently, she is an Assistant Professor at the Department of Electrical Engineering



ABOUT THE AUTHORS Xix

and Computer Science of Vanderbilt University. She is a recipient of the Vodafone
fellowship. Her research interests include wireless and sensor networks, peer-to-
peer and overlay systems, QoS support, and network security. She is a Member of
the IEEE and ACM.

Wanghong Yuan received his B.S. and M.S. degrees in 1996 and 1999, respec-
tively, from the Department of Computer Science, Beijing University, and his
Ph.D. degree in 2004 from the Department of Computer Science, University of
Illinois at Urbana-Champaign. He is a software engineer at Microsoft Corpo-
ration. Before joining Microsoft, he was a research engineer at DoCoMo USA
Labs from 2004 to 2006. His research and development interests include operat-
ing systems, networks, multimedia, and real-time systems, with an emphasis on
the design of energy-efficient and QoS-aware operating systems.

Wagqar Zia received his B.Sc. degree in electrical engineering from the Univer-
sity of Engineering and Technology, Taxila, Pakistan in 2000. He worked on
embedded digital video processing for three years in Streaming Networks Ltd.,
Islamabad, Pakistan. He received his M.Sc. degree in Information and Communi-
cation Systems from Hamburg University of Technology, Germany, in 2005. He
then started working on his Ph.D. under the supervision of Prof. Klaus Diepold
and Thomas Stockhammer at the Technical University of Munich, Germany. His
work focuses on complexity-constrained error-robust video communication on
handheld devices. He has also actively participated in recent 3GPP standardiza-
tion and has co-authored several technical contributions along with pursuing his
research work.



	SCHAARP1.pdf
	SCHAARP3.pdf
	SCHAARP4.pdf
	SCHAARCO.pdf
	SCHAARBED.pdf
	SCHAARBAU.pdf

