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SERIES EDITOR’S FOREWORD

This Benchmark Series in Electrical Engineering and Computer Science
is aimed at sifting, organizing, and making readily accessible to the reader
the vast literature that has accumulated. Although the series is not intended
as a complete substitute for a study of this literature, it will serve at least
three major critical purposes. In the first place, it provides a practical point
of entry into a given area of research. Each volume offers expert selection of
the critical papers on a given topic as well as views on its structure, development,
and present status. In the second place, the series provides a convenient and
time-saving means for study in areas related to but not contiguous with one’s
principal interests. Last, but by no means least, the series allows the collection,
in a particularly compact and convenient form, of the major works on which
present research activities and interests are based.

Each volume in the series has been collected, organized, and edited by
authorities in the area to which it pertains. In order to present a unified view
of the area, the volume editors have prepared an introduction to the subject,
have included comments on each article, and have provided a subject index
to facilitate access to the papers.

We believe that this series will provide a manageable working library
of the most important technical articles in electrical engineering and com-
puter science. We hope that it will be equally valuable to students, teachers,
and researchers.

Teleconferencing has been edited by K. R. Rao of the University of Texas
at Arlington and R. Srinivasan of International Imaging Systems. It contains
thirty-seven papers on teleconferencing, teleconferencing networks, pic-
tured coding, and related technology. It should afford easy access to these
new and exciting areas as well as provide an invaluable collected reference
for active workers in the teleconferencing field.

JOHN B. THOMAS

ix



PREFACE

Research on bandwidth compression for transmitting videoconferencing
signals has come of age. It has turned from a subject of mere academic
interest into an issue of practical importance. Handling the video compo-
nent in teleconferencing has been a challenge to the researchers because of
the problems posed. For the users, the excitement comes as a result of
experiencing better communication. Over the past decade compression
codecs and algorithms, which are inexpensive to implement and also render
better quality pictures, have been brought to users. Recent developments in
the videoconferencing field, its vicissitudes and its future, are of great
importance for researchers as well as users. This volume presents papers of
interest to academics, those employed in the videoconferencing industry,
and the business community.

Papers in this volume have been divided into four categories: general
interest review papers, motion compensation algorithms, 6.3-1.5 Mb/s bit
rate codecs, and low bit rate codecs, mostly of 56 Kb/s and below. The work
will enable researchers and developers to keep abreast of developments in
compression methods for videoconferencing, and to direct their future
efforts. Business managers and users will learn what this field has in store for
them, its growth potential, and how they can utilize its developments.

The editors would like to express their gratitude to Dr. ). B. Thomas for
his guidance during the preparation of this volume. K. R. Rao would like to
thank the faculty, graduate students, and staff at the University of Texas at
Arlington for their help. The understanding and encouragement of his wife,
Karuna, and children, Ramesh and Sasirekha, also are deeply appreciated.
Ram Srinivasan would like to acknowledge the help of Dr. Isaac Dukhovich,
Mr. Michael Stauffer, and Mr. Kenneth Shaw of Picture Element Limited, Palo
Alto, California. The enormous understanding of his wife, Sumathi, has
enabled him to perform this work with extra enthusiasm. He would like to
dedicate the book to his parents.

K. RAMAMOHAN RAO
RAM SRINIVASAN

Xi



CONTENTS BY AUTHOR

Alexander, S. T., 103
Anastassiou, D., 229
Anderson, J., 201
Brofferio, S., 55
Brown, M. K., 229
Cafforio, C., 55
Chen, W. H., 174
Chiariglione, L., 141
Cuffling, K., 205
DeBaldo, P, 38
Dubois, E., 40
Duffy, T. S., 135
Elton, M. C. J., 10
Fralick, S. C., 201
Frost, M., 18
Furukawa, A., 107
Govaerts, R., 146
Hamilton, E., 201
Hirano, A., 63, 161
lijima, Y., 63, 161

linuma, K., 48, 63, 107, 161

Inoue, M., 156
Ishiguro, T., 48, 63, 161
Jain, A. K., 68

Jain, J. R., 68

Jones, H. C., 229
Kappagantula, S., 78
Kelly, C. W, 224
Klie, J., 196
Kobayashi, Y., 156
Koga, T., 63, 107, 161
Kremers, Th., 146
Kuroda, H., 166
Kwatra, S. C., 91

Xiii

Lin, C. M., 91

London, H. S., 120
Manley, R., 26
Matsuoka, T., 166
May, F., 98

Menist, D. B., 120
Mitchell, J. L., 229
Mokhoff, N., 15
Mukawa, N., 166
Musmann, H. G., 196
Natarajan, R., 213
Nicol, R. C., 135, 141
Pennebaker, W. B., 229
Pennington, K. S., 229
Piacentini, M., 55
Portway, P. S., 30
Prasada, B., 205

Pratt, W. K., 174, 221
Rajala, S. A., 103

Rao, K. R., 34, 78, 85, 213

Rash, P, 22
Rocca, F., 55
Sabri, S., 40, 205
Schaefer, P, 141
Srinivasan, R., 85
Stenger, L., 146
Takikawa, K., 114
Temime, J. P, 191
Tescher, A. G., 201
Wallis, R. H., 221
Wesley, M., 22
Widergren, R. D., 201
Wolf, W., 98
Wright, B. A., 125



TELECONFERENCING



Series Editor’s Foreword / » o

Preface }/

Contents by Author E - "y

Introduction \ ® %5 ;
PART I: OVERVIEW \—\N P

8652665

CONTENTS

Editors’ Comments on Papers 1 Through 6

1

ELTON, M.C.).: Videoconferencing: Some Reflections on
Recent Research
Natl. Telecommun. Conf. Proc. 34:6.1-6.5 (1978)

MOKHOFF,N.: The Global Video Conference
IEEE Spectrum 17:45-47 (1980)

FROST, M.: International Teleconferencing
Int. Telev. 2:54, 56, 58, 60 (1984)

WESLEY, M., and P. RASH:  Teleconferencing Networks— Past, Present,
and Future
Educ. Ind. Telev. 15:48, 50, 53-54 (1983)

MANLEY, R.:  Two-Way Full Motion Video Teleconferencing: Some
New, Exciting Price and Service Alternatives
Teleconference, March/April, pp. 15, 18, 24 (1983)

PORTWAY, P.S.: A Roadmap to Teleconferencing
Telephony, August 2 (1982)

Editors’ Comments on Papers 7, 8, and 9

7

RAO, K. R.: Problems and Prospects in Digital Transmission of Color.
T.V. Signals
Jordan International Electrical and Electronic Engineering Conference
Proc., April 25-28, 1983, pp. 104-107

DEBALDO, P. Compression Technologies and Techniques
Teleconference, March/April, pp. 10-11 (1983)

DUBOIS, E., and S. SABRI:  Video Teleconferencing: Squeezing the
Signal Pays Off
©-14-18 (1982)

ix
xi
xiii

10

15

18

22

26

30

32

34

38

40



Contents

PART I1: MOTION COMPENSATION

Editors’ Comments on Papers 10 and 11

10  ISHIGURO, T., and K. INUMA: Television Bandwidth Compression
Transmission by Motion-Compensated Interframe Coding
|EEE Commun. Mag. 10:24-30 (1982)

11  BROFFERIO, S., C. CAFFORIO, M. PIACENTINI, and F. ROCCA:  Motion
Compensation in Teleconference
Int. Conf. Commun. Proc. 2G:6.1-6.5 (1982)

Editors’ Comments on Papers-12 Through 16

12 KOGA, T., K. INUMA, A. HIRANO, Y. lIJIMA, and T. ISHIGURO: Motion-
Compensated Interframe Coding for Video Conferencing
Natl. Telecommun. Conf. Proc. G5:3.1-3.5 (1981)

13  JAIN,J.R., and A. K. JAIN: Displacement Measurement and Its
Application in Interframe Image Coding
IEEE Commun. Trans. COM-29:1799-1808 (1981)

14 KAPPAGANTULA, S., and K. R. RAO: Motion Compensated Predictive
Coding
Soc. Photo-Opt. Instrum. Eng. 27th Ann. Int. Tech. Symp.
Proc. 432:64-70 (1983)

15  SRINIVASAN, R., and K. R. RAO:  Predictive Coding Based on Efficient
Motion Estimation
Links for the Future: Science, Systems and Services for Communications,
P. Dewilde and C. A. May, eds., IEEE International Conference on
Communications, May 14-17, IEEE/Elsevier Science Publishers B. V.,
1984, Amsterdam, The Netherlands, pp. 521-526

16 LIN, C. M., and S. C. KWATRA: Motion Compensated Interframe Color
Image Coding
Links for the Future: Science, Systems and Services for Communications,
P. Dewilde and C. A. May, eds., IEEE International Conference on
Communications, May 14-17, |EEE/Elsevier Science Publishers B.V.,
1984, Amsterdam, The Netherlands, pp. 516-520

Editors Comments on Papers 17, 18, and 19

17  MAY,E, and W.WOLF: Picture Coding with Motion Analysis for Low
Rate Transmission
Int. Conf. Commun. Proc. 2G:7.1-7.5 (1982)

18 ALEXANDER, S.T., and S. A. RAJALA:  Adaptive Compression of
Teleconference Sequences Using the LMS Algorithm
Int. Conf. Acoust., Speech, Signal Process. Proc. 26A.2:1216-1219 (1983)

19 FURUKAWA, A., T. KOGA, and K. IINUMA:  Motion-Adaptive
Interpolation for Videoconference Pictures
Links for the Future: Science, Systems and Services for Communications,
P. Dewilde and C. A. May, eds., IEEE International Conference on
Communications, May 14-17, IEEE/Elsevier Science Publishers B. V.,
1984, Amsterdam, The Netherlands, pp. 707-710

vi

46

48

55

60

63

68

78

85

91

96

98

103

107



PART Hll: TELECONFERENCING CODECS

Editors’ Comments on Papers 20, 21, and 22

20 TAKIKAWA, K.: Simplified 6.3 Mbit/s Codec for Video Conferencing
IEEE Commun. Trans. COM-29:1877-1882 (1981)

21 LONDON,H.S., and D. B. MENIST: A Description of the AT&T
Video Teleconferencing System
Natl. Telecommun. Conf. Proc. F5:4.1-4.5 (1981)

22  WRIGHT,B.A.: The Design of Picturephone® Meeting Service (PMS)
Conference Centers for Video Teleconferencing
IEEE Commun. Mag. 21:30-36 (1983)

Editors’ Comments on Papers 23, 24, and 25

23  DUFFY,T.S.,and R. C.NICOL: A Codec for International Visual
Teleconferencing
GLOBECOM Proc. E1:6.1-6.6 (1982)

24  CHIARIGLIONE, L., R. C. NICOL, and P. SCHAEFER: The Development of
the European Videoteleconference Codec
GLOBECOM Proc. D4:3.1-3.5 (1982)

25  STENGER, L., Th. KREMERS, and R. GOVAERTS: Optimization of Coding
Algorithms by Computer Simulation Studies
GLOBECOM Proc. D4:2.1-2.5 1982)

Editors’ Comments on Papers 26 Through 29

26  INOUE, M., and Y. KOBAYASHI: Transmitting Video Conferencing
Signals at 1.544 Mbits/s by Interframe Coding
Natl. Telecommun. Conf. Proc. 53:1.1-1.5 (1979)

27  KOGA, T., A. HIRANO, K. IINUMA, Y. I1JIMA, and T. ISHIGURO: A 1.5
Mb/s Interframe Codec with Motion-Compensation
Int. Conf. Commun. Proc. D8:7.1-7.5 (1983)

28 MUKAWA, N., H. KURODA, and T. MATSUOKA:  An Interframe Coding
System for Video Teleconferencing Signal Transmission at
a 1.5 Mbit/s Rate
IEEE Commun. Trans. COM-32:280-287 (1984)

29  CHEN,W.H., and W. K. PRATT: Scene Adaptive Coder
IEEE Commun. Trans. COM-32:225-232 (1984)

PART IV: LOW BIT RATE CODECS
Editors’ Comments on Papers 30 Through 37

30 TEMIME,}.P: Interframe Picture Coding at Low Bit Rates with
Great Error Resistance
Int. Conf. Commun. Proc. 31:5.1-5.5 (1980)

31 MUSMANN, H.G.,and ). KLIE: TV-Transmission Using a 64 Kbit/s
Transmission Rate
Int. Conf. Commun. Proc. 23:3.1-3.5 (1979)

vii

Contents

112
114

120

125

132

135

141

146

151

156

161

166

174

184

191

196



Contents

32

33

34

35

36

37

ANDERSON, J., S. C. FRALICK, E. HAMILTON, A. G. TESCHER, and
R.D. WIDERGREN: Codec Squeezes Color Teleconferencing
Through Digital Telephone Lines
Electronics 57:113-115 (1984)

SABRI, S., K. CUFFLING, and B. PRASADA: Coding of Video Signals
at 50 Kb/s Using Motion Compensation Techniques
IEEE Mil. Commun. Conf. Proc., pp. 809-816 (1983)

NATARAJAN, R., and K. R. RAO: Design of a 64 KBPS Coder for
Teleconferencing
Soc. Photo-Opt. Instrum. Eng. 28th Ann. Int. Tech. Symp. Proc. (1984)

WALLIS, R. H., and W. K. PRATT: Video Tele-Conferencing at
9,600 Baud
Int. Conf. Commun. Proc. 22:2.1-2.3 (1981)

KELLY, C. W.: A Low Bandwidth Virtual Space Video Teleconferencing
System
GLOBECOM Proc. E2:1.1-1.5 (1982)

ANASTASSIOU, D., M. K. BROWN, H. C. JONES, }. L. MITCHELL,
W. B. PENNEBAKER, and K. S. PENNINGTON: Series/1-Based
Videoconferencing System
IBM Syst. J. 22:97-110 (1983)

Author Citation Index
Subject Index

About the Editors

viii

201

205

213

221

224

229

243
247

249



INTRODUCTION

Millard and Maunsell (1971) and Limb and co-workers (1977), scientists at
Bell Labs, demonstrated a one-way, videotelephone between New York and
Washington, D.C. on April 7, 1927. Then, on April 9, 1930, a two-way system
between Bell Labs and AT&T headquarters in New York City was demonstrated.
Thus the concept of videoconferencing systems was established. Graham (1958)
demonstrated by computer simulation the feasibility of using 3-bit DPCM for
the television transmission of still black and white pictures. Similar studies
paved the way for the Picturephone® System of Bell Labs (1971). This system was
introduced at a transmission bit rate of 6.312 Mb/s on a T-2 digital carrier.
Videoconferencing is now coming into the limelight. With advances in
semiconductor technology and their impact on the cost of telecommunication
services, the concept of substituting video and audio transmission for travel is
gaining acceptance (Paper 1). At present such substitution of videoconferencing
for business travel amounts to only 0.003%, but this is expected to increase to 6%
by 1990, as a study for NASA indicates (Paper 2).

Videoconferencing is international in nature. A wide variety of
teleconferencing services is available in European countries (Thompson, 1981)
under the umbrella of the European Telecommunication Satellite Organization
(EUTELSAT), a consortium of 20 countries. The international videoconferencing
services available by satellites and the implications of such services are
discussed in Paper 3. The fundamental problem in providing video in
teleconferencing is its enormous bandwidth and the associated cost. The
bandwidth problem is most easily dealt with in the digital domain (Jain, 1981;
Kaneko and Ishiguro, 1980; Netravali and Limb, 1980). The technological
aspects and problems and prospects of digital videoconferencing codecs also
are covered.

Digital image-data compression methods can be classified into two basically
different categories; namely, predictive coding and transform coding. Another
classification is intraframe, exploiting spatial redundancy, and interframe,
exploiting both spatial and temporal redundancies. Since an 8-bit PCM transmission
of TV images requires typically 90 Mb/s, much remains to be achieved in
compressing information before digital videoconferencing can be economical
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for users. Fortunately, images from videoconferencing situations have large
spatial and temporal redundancies. A variety of methods for bandwidth reduction
(Haskell et al., 1972; Haskell et al., 1977), using predictive as well as transform
coding, has been proposed. Interframe methods achieve higher compression
than intraframe techniques, but interframe methods required storage of one or
more frames. It is not yet clearly established which combination of methods
best stands the test of motion and scene change. A technique called conditional
replenishment (CR) (Candy et al., 1971; Mounts, 1969) uses the statistical fact
that information is present in a scene only when motion occurs and only in
selected areas of the frame. Several researchers have experimented with this
technique. It is suitable for videoconference codecs where motion in the scene
typically does not exceed 15% in a frame interval.

Research has been done in an attempt to achieve compression by estimating
the motion taking place in a scene (Rocca and Zanoletti, 1972), and then
compensating for it. Instead of simply transmitting interframe differences,
motion is estimated for a pel or a block of pels, and differences are taken with
respect to the displaced location. The entropy of the displaced frame difference
(DFD) is much below that of frame differencing, indicating the higher quality of
compression achieved by compensating for motion. Motion compensation
improves the compression factor by 50 to 100% when compared to CR. Paper 10
stresses that motion compensation is the best way of coding.

There are two basic ways of estimating motion in coders, namely the
method of differentials (Netravali and Robbins, 1979) or pel recursive algorithms
(PRA), and the pattern matching or block matching algorithms (BMA). The PRA
techniques start with an initial estimate of the motion parameters and revise
these estimates at predetermined rates. For the most part the motion is
estimated for every pel. The PRA proposed up to now are complex for
videoconferencing implementation. On the other hand, BMA estimate motion
vectors for a block of pels, say of size (M X N), in the current frame in rela-
tion to a reference (previous) frame. A spatially centered search area of size
(M + 2p) X (N + 2p) is chosen in the reference frame. In this setup there are
(2p + 1)2 possible blocks in the search area that can be a match to the
(M X N) block. The best match typically is sought by maximizing the cross-
correlation or minimizing the mean square error. This simple pattern matching
technique assumes translational motion for the blocks. BMA handled in this
fashion still is expensive in computational terms, but the number of search
points can be lower.

The papers in this volume are chosen so the reader gets both an overall view
of the subject and an idea of the various algorithms implemented in the codecs
operating at various bit rates, as low as 4.8 Kb/s. The papers are divided into four
parts. Part | consists of review papers. Papers 1 and 2 focus on the acceptance of
videoconferencing as a substitute for face-to-face meetings, and also on its
economics. Papers 2, 3, and 4 also discuss the variety of videoconferencing
services available, both national and international. In particular, Paper 4
discusses the short past of videoconferencing networks. Paper 5 deals with the
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cost aspect of full motion videoconferencing, while Paper 6 details how
companies can have a successful system, citing some examples. Paper 7
discusses the technical problems in digital transmission of color televison
signals. It also gives an idea of the system developed for teleconferencing, as
well as for network quality TV. Papers 8 and 9 give an overview of the
compression techniques, and are geared toward a final tilt on motion compensation
methods.

Part Il deals with various motion compensation algorithms. Papers in this
group are mostly in the pattern matching category. The first approach to the
pattern matching method for TV bandwidth compression was proposed by Taki
and co-workers (1974). BMA leads to an adequate and uncomplicated means of
estimating motion in videoconferencing scenes. Papers 10 and 11 emphasize
that some sort of motion compensation is needed. Paper 11 also compares the
prediction process based on translational and rotational motion. Papers 12
through 16 develop BMA algorithms that involve far less computational complexity.
Paper 17 describes a technique for a very low bit-rate codec that measures
displacement using significant points on an object. Paper 18 outlines a least
mean square (LMS) adaptive algorithm that is significantly different from the
rest of the papers. Paper 19 is about interpolation along the motion direction of
missing frames. Interpolation like this has earlier been proven to provide better
results than simple interpolation (Jain and Jain, 1979).

Part I11 consists of papers about codecs on the market, or which have been
built and tested, transmitting in the range 6.3 to 1.5 Mb/s. A popular codec in
the 6.3 Mb/s range is the TRIDEC 6.3 of NTT (Yasuda et al., 1977) using 4:1 dot
interlace. Takikawa (Paper 20) of NTT later reported a better codec than this.
Videocompression techniques have come up to such a level that full motion
videoconferencing of good quality is possible at 1.5 Mb/s range, capable of
transmission on a T-1 carrier. Dedicated T-1 carriers can be afforded only by big
companies. A dedicated terrestrial T-1 carrier of AT&T still costs around $30,000
per month, which is a costly proposition for small companies. In the past two or
three years, AT&T has expanded and popularized its own Picturephone®
Meeting Service (PMS) (Papers 21 and 22). Its transmission rate is at 3 Mb/s
using two DS-1 signals or 1.544 Mb/s each. The PMS cost per hour for one or two
T-1 channels is also high. As a solution to this, ACTION/Honeywell of Dallas
provides a switched network that can be used for audio, video, or data
transmission, thus bringing down the cost (Paper 5).

Videoconferencing services in Europe are extensive, with participation by
several countries (Thompson, 1982). A codec that is widely marketed is that of
GEC-Video Systems, transmitting at 2 Mb/s and 1.5 Mb/s in their European and
American versions (Papers 23 and 24), with a CR algorithm. A wide range of
simulation and experimentation has gone into the develoment of the European
codec. Each country has been developing its ideas on a specific part of the
codec, for example, the movement detector (Paper 25). Papers 26, 27 and 28
bring out recent developments in Japan. NEC’s codec is the first to incorporate a
motion compensation (not just motion detection) technique. In the United
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States, Compression Labs, Inc. of San Jose, California is a successful company in
the development and commercialization of a codec at T-1 rate. The VTS 1.5
(Paper 29) is an intraframe system unlike other systems discussed.

Part IV consists of papers outlining codecs at 320 Kb/s and below up to 4.8
Kb/s. Paper 30 concerns a 320 Kb/s French codec with a segmentation procedure
as its basis. The high cost of T-1 rate codecs has led small users to accept
relatively lower quality and resolution pictures at affordable rates. Papers 31, 33,
and 34 detail simulation experiments in the 56 Kb/s range. A codec developed
with DARPA contract is Widcom’s 56 Kb/s codec, costing only a fraction of a T-1
codec (Paper 32). Widcom is commercializing, and also is trying to improve the
quality of reconstructed pictures. Transmission rates lower than this range are
possible with a sketch coding concept (Papers 35 and 36) or freeze frame images
(Paper 37).

The saying, “What you get is what you pay for,” is very true with TV
codecs. Depending on the application and economics a user can choose aT1
rate codec or any of the very low bit-rate ones. Once the cost factor is
established, quality comparison between codecs of the same transmission
range is an easy task. It is believed that motion compensation is a feature that
can be incorporated into currently available or future codecs with a significant
improvement in performance and without a big cost increase. This should be
easier for developers with more potential users.

The selection of papers in this volume has been made with an intent to
focus not only on the technical aspects and problems of various compression
algorithms, but also on economics and substitution ideologies. Inevitably,
many other papers of interest have been omitted; some of them are referenced
in various sections. It is hoped that this work will serve to stimulate not only
researchers in the videoconferencing area, but also users, current and prospective.
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