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Foreword

any books and articles on the transition of television from analog to

digital transmission have been published in recent years. This tran-
sition is still in its infancy, but it will inevitably take place in the years to
come. Due to digitization, the existing barriers between audio, video, and
data generation and transmission will cease to exist, and the face of what
we today call television will radically change.

This book is for individuals who want to obtain inside knowledge on
digital television (DTV). Without pretending to be exhaustive, it pro-
vides an overview of DTV technology, standards, and regulation with
an emphasis on the development of the standards generated by the
European Project for digital video broadcasting (DVB). In addition, this book
compares the various DVB standards for cable, satellite, and terrestrial
transmission and describes European, American, and Japanese regula-
tions. DVB started with broadcasting and, as discussed in this book,
gradually moved to the specification of return channels in the telecom-
munications domain and finally into specifications for interactive and
data broadcasting.

The DVB Project is recognized throughout the world as an unprece-
dented success in standardization and rapid implementation in the mar-
ket. The active involvement of all players in the television value chain has
been essential to this triumph. These television industry entities, which
work in the business environment rather than in standardization bodies

xvil
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only, wisely decided that commercial requirements had to precede tech-

nical specifications. Early involvement of regulators and standardization

bodies has proven to be essential to success within the geographical area

of Europe and has created the basis for DVB’s ability to spread out the

DVB specifications into de facto standards in many parts of the world
outside Europe.

Theo H. Peek,

Chairman of the DVB Steering Board and General Assembly

Eindhoven, The Netherlands

25 June 1998



Preface

echnological developments should not be regarded as exogenous

determining factors but rather as the product of activities and rela-
tionships within society as a whole. Beside the technical factors involved,
scientific, economic, market, political, and legal factors can determine the
establishment of technologies in society. This book aims to provide an
overview of these aspects with regard to DTV and to help explain how
DTV, including conditional access, can be successfully embedded in
society.

We believe that the European initiatives on DVB will play an impor-
tant role in the establishment of DTV throughout the entire world. Thus,
this book focuses mainly on the European (technological) developments
in DVB. To place these developments in a global context and to complete
the required overview, the U.S. and Japanese policies and regulations are
discussed as well. This overview enables an analysis of how DTV services
can successfully be embedded in society. Due to the many emerging
aspects of the development of DVB, much emphasis is given to the provi-
sion of services via conditional access systems (e.g., pay television).
Finally, some (possible) future DVB developments on a mid-term time
scale are discussed.

This book is geared towards decision makers, policy makers, manag-
ers, and engineers in government, business, and academic institutions

XIX
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involved in media, telecommunications, and the terminal equipment
manufacturing industry. It provides a general overview of , as well as spe-
cific (technical) information on the different aspects of DTV. Readers will
develop an understanding of the establishment of European, Japanese,
and U.S. DTV policies, regulations, and market developments, and, from a
technology perspective, will be able to compare the several European
DVB standards. More academically oriented readers will enjoy the book’s
technology assessment of the European DVB framework.

Acknowledgments

We are indebted to many people for their information, feedback, and
assistance during the development of this book. First of all, we would like
to thank Theo Peek, chairman of the DVB Steering Board and General
Assembly, for sharing his experience and broad overview. We would also
like to thank Eamon Lalor and his staff with the European Commission
DGXIII for the stimulating discussions we had in Brussels. Furthermore,
we are much obliged to Masaaki Kobashi of MITI and Arjen Blokland of
the Dutch Embassy’s Scientific Office in Tokyo for providing us with
information on Japanese DVB developments. We also thank Theo van
Eupen of the Nederlands Televisie Platform for providing us with valuable
information on high-definition television (HDTV). Moreover, we would like
to thank Jan Bons, Telematic Systems & Services B.V., for his contribu-
tions and feedback on interactive television systems.

Several individuals helped us to improve our manuscript by provid-
ing suggestions and feedback: We would like to acknowledge
Peter Anker, Lucas van der Hoek, and Paul van der Pal, all employees of
the Dutch Telecommunications and Post Department, and Arch Luther,
Artech House’s Digital, Audio, and Video Series reviewer. Our special grati-
tude goes to Tessa Halm for her most valuable review of grammar
and style.

We have been most happy to receive the assistance of Menno Prins
who compiled a professional file, Paul Dortmans who implemented the
proper software conversions of our artwork, and Ursula Kirchholtes
who constructed the glossary’s first outline. Moreover, we would like
to thank Paula Verheij for helping to shape some of our texts into the
required formats.



Preface Xxi

Finally, we are grateful to our families and friends for their patience,
understanding, and moral support.

Den Haag, Utrecht, June 1998



Contents

1.1 Introduction

1.2 Mechanical
television

1.3 Electronic
television
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1.6 Digital television

1.7 Summary and
conclusions

History of digital
television

1.1 Introduction

In 1883, the French novelist Albert Robida
wrote his book Le Vingtieme Siecle (The
Twentieth Century) [1], which describes a very
particular vision. In the novel, a spectator sits
in a comfortable chair in his living room
watching life-size pictures of a scene that
takes place at anotherlocation. These pictures
are being projected by what Robida calls a tele-
phonoscope. This corresponds closely with the
television system as we know it today.

The basic purpose of television systems is
to extend the senses of vision and hearing
beyond their natural limits. In technical
terms, television is the conversion of a scene
in motion with its accompanying sounds into
an electrical signal, transmission of the signal,
and its reconversion into visible and audible
images by a receiver [2]. The first television
systems were mechanical; later, they became
electronic. The next innovation was color
television, followed by a high-quality system
called high-definition television (HDTV). The
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latest innovation is based on the application of digital techniques,
through which the traditional boundaries between media and telecom-
munications have disappeared. This paves the way for all different kinds
of interactive multimedia services.

1.2 Mechanical television

In 1884, the 24-year-old German student Paul Gottlieb Nipkow obtained
a patent on the very first television system [3]. This system operates as fol-
lows (see Figure 1.1): First, an image is illuminated by a lamp via a lens
and a Nipkow disk, which has square apertures arranged in a spiral. The
rotation of the disk provides a simple and effective method of image scan-
ning. As the disk rotates, the outermost aperture traces out a line from the
left to the right across the top of the image. The next outermost aperture
traces out another line, directly below and in parallel to the preceding
line. After one rotation, the successive apertures have traced out parallel
lines, left-to-right, top-to-bottom, so that the whole image has been
scanned. The more apertures there are, the more lines there are traced,
and hence the higher the level of detail.

Image
RV R o .
% o T Scanning image field

N TT——
) \ ==
\\
‘\‘ \\\
\ A« 7/ O v XUt Lens

Lamp

Aperture

Figure 1.1 The Nipkow mechanical television system.
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The reflected light from the image is collected by a selenium cell. (In
1873, it was discovered that the electrical conduction of selenium varied
with the amount of illumination. When the intensity of the reflected light
varies with the parts of the image, the current in the cell also varies.
Hence, the lighter parts of the image are represented by a stronger current
than the darker parts.) Finally, at the receiving end a lamp emits more or
less light in correspondence with this current. If the same type of disk is
used in a synchronized way, the original image can be reproduced.
Moreover, it is essential that the disk’s rotation is at sufficient speed for
the eye to perceive the image as a whole, rather than a sequence of mov-
ing points.

In 1895, Perrin and Thomson discovered the existence of the elec-
tron. Two years later, a German named K. F. Braun invented a screen
that produced visible light when struck by electrons. He designed a
cathode-ray tube by which means a beam of electrons could be aimed at
the fluorescent screen. In 1904, Englishman J. A. Flemming invented the
two-way electrode valve, and in 1906, Lee de Forest added the grid,
which enables amplification. It was the Russian scientist Boris Rosing
who first suggested using the cathode-ray tube in the receiver of a televi-
sion systemin 1907. At the camera end he used a mirror-drum scanner.

In 1908, Scottish electrical engineer A. A. Cambell Swinton proposed
the use of magnetically deflected cathode-ray tubes at both the receiving
and camera end. The camera contained a mosaic of photoelectric ele-
ments. The back of the camera screen was discharged by a cathode-ray
beam. According to Nipkow’s principle, the beam scanned the image line
by line. This proposal in essence formed the basis of modern television.
Nipkow’s ideas were too advanced to put into practice at that time. How-
ever, he explained his ideas in several publications and in an address to
the Rontgen Society of London in 1911.

In 1924, J. L. Baird in Britain used triode amplifiers and replaced the
selenium cell by a gas filled potassium photocell. This improved the pho-
tocell’s response time to changes in the light. In addition, Baird adopted
the principle of modulated light from the American D. M. Moore. By
varying the electrical input of a neon gas-discharge lamp at the receiving
end, it is possible to vary the light intensity of this lamp. Baird used a
Nipkow disk for 30 lines and a speed of five images per second, which he
later improved to 10 images per second. In 1926, Baird demonstrated the
first true television system. Meanwhile, the American C. F. Jenkins
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experimented with mechanical methods using the Nipkow principle as
well. He also replaced the selenium cell but used an alkali metal photo cell
instead.

The first television standard was established in 1929. It read, “A
screen consists of 30 lines and 1,200 elements” [4]. In 1931, a new stan-
dard was defined (48 lines and 25 images per second). By this standard,
the limits of the still mechanical display at the receiving end were
reached. Table 1.1 chronologically details the evolution of mechanical
television systems.

1.3 Electronic television

Swinton already determined that for a good display, quality images need
to be analyzed into at least 100,000 and preferably 200,000 elements. The
number of elements is approximately equal to the square of the number
of lines. This implicates that the mechanical systems using 30 or 48 lines
do not meet this requirement by far.

The Russian emigrant Vladimir Kosma Zworykin made a very impor-
tant step forward in 1923 when he replaced the Nipkow disk with an elec-
tronic component. It then became possible to split up the image into

Table 1.1
Developments in Mechanical Television Systems

Date Development

18713 Electrical conduction of selenium

1884 Nipkow disk

1895 Discovery of the electron by Perrin and Thomson
1897 Cathode-ray tube by K. F. Braun

1904 Two-way electrode valve by J. A. Flemming

1906 Crid (amplification) by Lee de Forest

1908 Magnetically deflected cathode-ray tube by A. A. Cambell Swinton
1913 Potassium photocell by German research

1917 Modulated light by D. M. Moore

1924 Baird system

1925 Jenkins system

1929 First television standard (30 lines, 1,200 elements)

1931 Television standard (48 lines, 25 images per second)
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many more lines, which allowed a higher level of detail without increas-
ing the number of scans per second. Moreover, the tube sensitivity was
increased by a unique “storage” feature. The image was stored during the
time that elapsed between two electronic scans. In 1925, Zworykin
applied for a patent, and in 1933 he put his design into practice. With his
iconoscope, he proved the theoretical ideas of Swinton.

In Great Britain, the first fully functional electronic television system
was demonstrated in 1935 by a television research group from the Electric
Musical Industries (EMI) under Sir Isaac Shoenberg. The camera tube,
known as the Emitron, was an advanced version of the iconoscope. At the
receiving end, an improved high-vacuum cathode-ray tube was used.
Shoenberg proposed a standard for 405 lines with 50-Hz interlaced scan-
ning to allow the scanning of 25 images per second without any flicker-
ing. Interlaced scanning implicates that an image is scanned twice (see
Figure 1.2). First, scanning field A including the odd lines is scanned and
then scanning field B with the even lines is scanned. At the receiving end,
both scanning fields are combined (i.e., displayed sequentially). In effect,
the picture repetition rate is doubled, which results in a more fluent pic-
ture on the screen, while the scanning rate remains the same.

After government authorization, Schoenberg’s standard was adopted
by the British Broadcasting Corporation (BBC). In 1936, this led to the

Line 2 (active scan)

Line 1 (active scan) Line 2 (flyback)

Line 1 (flyback) Line 4 (active scan)

Line 4 (flyback)

Scanning field A Scanning field B

Figure 1.2 Principle of interlaced scanning.
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launch of the first public television service (high-definition public televi-
sion service) in the world. In 1937, a standard for 441 lines with
50-Hz interlaced scanning was introduced in Germany. After the United
Kingdom, regular television broadcasting began in France in 1936. Later,
France began using 819 lines and 50-Hz interlaced scanning. On April 30,
1941, regular television broadcasting began in the United States, where
the first mass market for television receivers arose. Since 1927, the Philips
company in the Netherlands had been working on the development of
television systems as well [5]. Inspired during his visit to the United States
in 1948, Bouman from Philips sent a telegram (see Figure 1.3) to Rinia,
who was responsible for Philips’ television activities. In the Netherlands,
regular television broadcasting started on October 1, 1951. Japan
followed in February 1953.

C.0.B.-GRAM

URGENT

Date: 5/3/48
Time: 9.15

Lopes Cardozo - Try to stop developmentwork broadcast-
receivers and concentrate all efforts on television stop
Television is our biggest chance stop
Protelgram is allright but we have to work on followup like
hell! Stop
Write on all doors and walls and blackboards TELEVISION stop
Make everybody televisioncrazy stop
We have enough people to do the job but most of them work on the
wrong items stop
There really is only one item: TELEVISION stop
The only actual televisionfront we have at the moment is right
here in U.S.A. stop
We are able to force it if we are ready to fight AND TO KEEP
FIGHTING! Stop
Mobilise Eindhoven please stop
No time to lose TELEVISION IS MARCHING ON HERE AND FROM HERE OVER
THE WHOLE WORLD stop
The only question is: WHO MARCHES ON WITH TELEVISION, PHILIPS OR
THE OTHERS? Stop
THE OTHERS ARE ALREADY MARCHING! PHILIPS EINDHOVEN,
TAKE THE LEAD ! full stop
Bouman

Figure 1.3 Bouman'’s telegram to Rinia in 1948.
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With the introduction of public broadcasting services, the need for
standardization concerning the number of lines and frames per second
increased. The number of lines is subject to an effective tradeoff between
an adequate picture definition and a technically and economically accept-
able bandwidth. Another aspect of standardization was the picture repeti-
tion rate. The United States (and later Japan) adopted a picture repetition
rate of 30 pictures per second, because this rate was easy to derive from its
electrical power supply, which is provided at a frequency of 60 Hz. In
Europe, the electrical power is provided at 50 Hz. Hence, the picture repe-
tition rate became 25 in Europe. This led to two standards in the world:
the U.S. standard for 525 lines per picture at 30 pictures per second used
in North America, South America, and Japan and the European standard
for 625 lines at 25 pictures per second used in Europe, Australia, Africa,
and Eurasia. Table 1.2 details the evolution of electronic television
systems.

1.4 Color television

The development of color television did not immediately follow the
beginning of regular television broadcasting. In fact, the first ideas for a
color television system lead back to a German patent dating from 1904. In
1925, Zworykin filed a patent for an electronic color television system.

Table 1.2
Developments in Electronic Television Systems

Date Development

1925 Patent electronic television system by V. K. Zworykin

1933 Iconoscope by V. K. Zworykin

1935 British television standard (405 lines with 50-Hz interlaced scanning)
1936 First public television service by the BBC in the United Kingdom

1936 Regular television broadcasting in France (later using 819 lines with 50-Hz
interlaced scanning)

1937 German television standard (441 lines with 50-Hz interlaced scanning)

1941 Regular television broadcasting in the United States (525 lines with 60-Hz interlaced
scanning)

1951 Regular television broadcasting in the Netherlands (625 lines with 50-Hz interlaced
scanning)

1953 Regular television broadcasting in Japan (525 lines with 60-Hz interlaced scanning)
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However, it was Baird who demonstrated the first working (mechanical)
color television system in 1928. Baird’s system used a Nipkow disk with
three spirals, one for each primary color (red, green, and blue). While
rotating, this system produced a sequence of primary color signals. In
1929, H. E. Ives managed with a mechanical system to transmit the
three primary color signals simultaneously via three different channels
between Washington, D.C., and New York City. Later that year, his col-
league Frank Gray patented a color television system that was based on
transmission of the three primary color signals via one and the same
channel.

Two basic principles apply to transmission of the three primary color
signals via one channel. The primary colors can be transmitted sequen-
tially on a frame-by-frame basis. Alternatively, the primary colors can be
transmitted simultaneously, which allows a more efficient use of signal
bandwidth. The latter also allows compatibility with black-and-white
television systems. In 1938, G. Valensi of France applied for a patent for a
color television system that was compatible with black-and-white televi-
sion systems. Although his system has not been adopted in practice, his
ideas on compatibility have proven to be very important.

The first color television service started in the United Statesin 1951 by
means of the abortive frame sequential system. In 1953, the National
Television Systems Committee (NTSC) in the United States developed a fully
compatible system using simultaneous transmission. This NTSC system
still forms the basis of color television systems today. As such, this system
applies a combined transmission of the image’s brightness information
and color information. The image’s brightness concerns the level of detail
and sharpness. This type of information can be interpreted by a black-
and-white receiver, which does not use (nor need) the color information.
A color television system, however, makes use of both types of informa-
tion. The first public television broadcasting using NTSC began in the
United States in 1954, followed by Japan in 1960.

The NTSC system showed sensitivity for certain distortions caused
during transmission and signal processing. These distortions resulted in
hue errors, which could be only partially remedied [6]. For this reason,
the system’s acronym is sometimes said to represent “never the same
color.” In 1957, Henri de France developed his systéme Electronique couleur
avec mémoire (SECAM), with which he tackled the hue error problem.
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With the same result, the German W. Bruch modified the NTSC system in
1961 and developed the phase alternation line (PAL) system.

In 1967, public television broadcasting using SECAM started in
France and the former Soviet Union. In the same year, public televi-
sion broadcasting using PAL was launched in Germany and the United
Kingdom. Today, SECAM is used in France, Greece, Eastern Europe, and
Iran, while PAL is used in the rest of Western Europe and many other
countries, including Brazil, Argentina, and China. Table 1.3 chronologi-
cally details the evolution of color television systems.

1.5 High-definition
television

The term HDTV is almost as old as the first mechanical television systems.
It has been used to refer to a kind of ideal system or to that which had not

Table 1.3
Developments in Color Television Systems
Date Development
1904 Patent color television in Germany
1925 Patent electronic color television system by V. K. Zworykin
1928 First demonstration of a mechanical color television system by J. L. Baird
1929 Transmission of color television images via three separate channels by H. E. Ives
1929 Transmission of color television images via one channel by F. Gray
1938 Patent color television system compatible with black-and-white television system
by G. Valensi
1951 First color television service in the United States
1953 NTSC standard (525 lines with 60-Hz interlaced scanning)
1954 Public color television broadcasting in the United States using NTSC
1957 SECAM standard (625 lines with 50-Hz interlaced scanning) by H. de France
1960 Public color television broadcasting in Japan using NTSC
1961 PAL standard (625 lines with 50-Hz interlaced scanning) by W. Bruch
1967 Public color television broadcasting in Germany and the United Kingdom using
PAL
1967 Public color television broadcasting in France and the former Soviet Union using
SECAM
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yet been reached. An important element in this discussion is the number
of lines used to represent an image. J. L. Baird called his mechanical
30-line system an HDTV system. Nowadays, the use of the term HDTV has
stabilized, with today’s HDTV systems using about 1,000 lines. However,
the frontiers still have not been reached. In Europe, the term very HDTV is
used to refer to broadband HDTV with studio quality, and in Japan the
term ultra HDTV stands for a system with 3,000 lines.

In the mid 1960s, the Japanese Dr. Takashi Fuijo from Nippon Hoso
Kyokai (NHK) started research on a high-quality television system (i.e.,
comparable with 35-mm film and CD-quality audio), with the objective
of achieving a world standard for program production. In Japan, this
development was called High-Vision instead of television. In the second
half of the 1970s, the first broadcasts took place with a 1,125-line system
with 60-Hz interlaced scanning. In 1981, NHK demonstrated a HDTV sys-
tem developed by Sony in the United States. In addition, NHK developed
the analog multiple sub-Nyquist sampling encoding (MUSE) transmission
standard for satellite services in 1984.

Other parts of the world reacted to the Japanese achievements. In
1981, the European Broadcasting Union (EBU) started a Working Party V
with the objective of studying HDTV, which in Europe was also called
Cine-Vision. A year later in the United States, the Advanced Television Sys-
tems Committee (ATSC) was established. The EBU and the ATSC worked in
close cooperation, basing their work on NHK's results. In September of
1983, the Comité Consultatif International des Radiocommunications (CCIR)
Interim Working Party (IWP) formed with the goal of proposing a world
standard for program production as well as transmission. In 1985, the
CCIR IWP delivered a proposal for a production standard based on
1,125 lines with 60-Hz interlaced scanning. An important factor in the
EBU’s adoption of this proposal was that NHK had developed a standard
1,125 lines/60 Hz to 625 lines/50 Hz converter. The ATSC adopted the
standard as well but defined a wide-screen aspect ratio (screen format) of
15:9 instead of the proposed 16:9 aspect ratio.

However, the EBU underestimated the consumer electronics indus-
try lobby. The European consumer electronics industry’s (economical)
interests were not sufficiently taken into account, as its products and serv-
ices are mainly based on 50 Hz. Consequently, in 1985 the European
Commission asked its member states to disagree with the CCIR IWP pro-
posal. Moreover, the European Commission decided that a decision on
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HDTV would be postponed for at least two more years. This also affected
the CCIR plenary meeting held in Dubrovnik in May 1986. A CCIR deci-
sion on HDTV was postponed until the next plenary to be held in 1990 in
Diisseldorf. Hence, Europe and the United States set sail on separate
courses.

Preceding the Dubrovnik meeting, on March 12, 1986 the European
consumer electronics industry drew up a memorandum of understanding
to develop equipment to support HDTV services within Europe. To
achieve this objective, the industry initiated a project within the Euro-
pean Eureka research program that worked towards a proposal for a
European HDTV system based on 50 Hz. Since the number 95 was
assigned to this project, it became known as the Eureka95 project. Its
objectives were the following:

» The development of a European proposal for an HDTV program
production standard to be presented on the CCIR plenary in 1990.
One of the requirements was that the standard be based on 50-Hz
but also allow possibilities for 60-Hz countries.

» The stimulation of the transmission of HDTV programs by means of
the high-definition multiplexed analog component (HDMAC) satellite
transmission standard to achieve reception with conventional
MAC-receivers. (Earlier in 1986, the EBU had already specified
the MAC/packet family transmission standards, consisting of
CMAC, DMAC, and D2-MAC, as an alternative for PAL and
SECAM.)

D The construction and demonstration of a complete HDTV chain
from program production, to transmission, to the reception and
storage of HDTV programes.

» Fundamental research on key components of HDTV.

The Eureka95 project was planned between 1986 and 1990. A con-
sortium of about 80 participants, led by Philips and Thomson, worked on
proposals for the HDTV system’s standards, demonstration, feasibility,
and the first prototypes. These proposals concerned an HDTV system with
1,250 lines and 50-Hz interlaced scanning. The participants, which were
financially supported by the governments, spent a budget of about
200 million ECU.
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The Japanese and subsequent European achievements formed a
threat to the position of North American broadcast stations [7]. These
information providers depend on finances obtained through interre-
gional commercials. The actual broadcasting is processed by regional
partners called affiliates. Affiliates broadcast their parent stations’ pro-
grams and commercials, and, in addition, finance themselves with local
or regional commercials. This market structure would be destabilized if
the Japanese MUSE or the European HDMAC were used to broadcast sta-
tions” programs via satellite directly. Moreover, the market structure
in the United States had already changed with the introduction of broad-
casting via cable antenna television (CATV) networks. The CATV network
operators play an important role in the provision of television programs at
the local and regional levels. Hence, in 1987 the FCC initiated the devel-
opment of an HDTV standard for (regional) terrestrial broadcasting.

In 1989, the Eureka95 participants decided to extend the project with
a two-year program—irom July 1, 1990, to July 1, 1992—that increased
the total budget to 625 million ECU. This second phase of the Eureka95
project aimed at the implementation of the first regular wide-screen
broadcasting in 1991. (In the same year, Japanese public HDTV broad-
casting had already started.) Moreover, Eureka95 participants wanted to
achieve HDTV-quality broadcasting of important events (e.g., Olympic
games) in 1992 throughout the whole of Europe.

The European Commission wanted to support the application of
high-quality television, broadcasting, and satellite technology by devel-
oping the HDMAC Directive [8] in May 1992. This Directive aimed to lead
Europe to the HDMAC standard via D2MAC. At a later stage, the HDMAC
system had to be followed up by a completely digital HDTV system. At that
point, however, the U.K. government refused to continue subsidizing the
European industry in the development of a European HDTV system. As a
result, the HDMAC Directive was abandoned as a policy line [9].

Table 1.4 details the evolution of HDTV systems.

1.6 Digital television

The Federal Communication Commission’s (FCC) 1987 initiative con-
cerning an HDTV standard for terrestrial broadcasting resulted in 21 pro-
posals. Most of these proposals were not compatible with the NTSC
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Table 1.4
Developments in HDTV Systems

Date Development

1981 First demonstration of HDTV system by NHK in the United States
1981 Establishment of EBU Working Party V in Europe

1982 Establishment of ATSC in the United States

1983 Establishment of CCIR IWP

1984 MUSE transmission standard by NHK in Japan

1985 CCIR proposal for program production world standard (1,125 lines with 60-Hz
interlaced scanning)

1986 Start of Eureka95 project in Europe

1987 Initiative to develop HDTV standard for terrestrial broadcasting in the United States
1991 Regular HDTV broadcasting in Japan

1992 European Union HDMAC Directive

1992 Pilot HDTV broadcasting in Europe

standard and did not meet the HDTV system requirements. In 1992, only
four proposals were left. One of them, filed by General Instruments on
July 1, 1990, concerned the first proposal for a completely digital HDTV
system. However, the FCC mandated that the industry agree on a single
proposal. Accordingly, in May 1993, General Instruments and the three
other parties that had proposed digital systems—AT&T/Zenith,
DSRC/Philips/Thomson, and MIT—formed the Grand Alliance (GA),
whose objective was to develop an HDTV standard for digital terrestrial
broadcasting. The GA adopted the Motion Pictures Expert Group’s (MPEG’s)
MPEG-2 standard for video source coding, system information, and multi-
plexing and a Dolby standard called AC-3 for multichannel audio source
coding. Additionally, the GA specified a transmission standard for digital
terrestrial broadcasting, as well as a standard for transmission via CATV
networks. The ATSC plays a role as the keeper of this standard, which is
referred to as the GA HDTV system.

In reaction to the developments in the United States, the Scandina-
vian HD-DIVINE project to develop an HDTV standard for digital terres-
trial broadcasting started in 1991. Moreover, Swedish television
launched the idea of a pan-European platform for European broadcast-
ers, with the objective of developing digital terrestrial broadcasting.
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Meanwhile, in Germany, conversations took place concerning a feasibil-
ity study on current television technologies and the alternatives for the
development of television in Europe. Late in 1991, the German govern-
ment recognized the strategic importance of DTV in Europe and the need for
a common approach. Accordingly, the German government invited broad-
casters, telecommunication organizations, manufacturers, and regulatory
authorities in the field of radio communications to an initial meeting that led
to the formation of the European Launching Group (ELG) in the spring of
1992. Subsequently, the ELG expanded, and on September 10, 1993,
84 European broadcasters, telecommunication organizations, manufactur-
ers, and regulatory authorities signed a memorandum of understanding
forming the European DVB Project (DVB) [10, 11].

Meanwhile, however, the European market was demanding more
television channels rather than a system with better performance such as
HDTV. The application of compression techniques on digital signals
allows for a dramatic bandwidth reduction so that more channels can be
created within the same available bandwidth. An HDTV signal, however,
requires more bandwidth than a normal television signal. This also
applies to the digital domain. Moreover, digital transmission allows the
application of forward error correction, which results in a better display
quality. Hence, DVB is aimed at a normal digital wide-screen (16:9) tele-
vision, rather than digital HDTV.

DVB decided to adopt the MPEG-2 standard for audio and video
source coding, system information, and multiplexing. Additionally, it
developed specifications for digital transmission via satellite, CATV, and
later terrestrial networks. DVB also specified elements of a European digi-
tal conditional access (CA) system.

Currently, DVB is specifying transmission systems for the provision of
interactive services. According to the DVB transition model, the end user
needs a set-top box for the conversion of digital signals into a PAL or
SECAM signal. At a later stage, when the signal processing within the
television set is also digital, this conversion is no longer required, and a
complete DTV system will be achieved.

The European Commission not only supported DVB financially, but,
together with the Member States, developed a Directive on television
standards [12] as well. The DVB specifications, which were turned into
standards by the European Telecommunications Standards Institute (ETSI),
became mandatory by means of the Directive. The Directive also put an
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emphasis on the structuring of the market, especially in the field of CA.
This contrasted with the HDMAC Directive, which was specifically devel-
oped to set a standard [13]. The European Parliament approved the tele-
vision standards Directive in October, 1995.

In the United States, the GA could not satisfy all needs with the FCC
mandate. Consequently, it proposed the development of a digital CATV
transmission standard similar to the DVB specifications. Moreover, the
National Association of Broadcasters (NAB) initiated a feasibility study on the
use of the European (draft) digital terrestrial transmission specifica-
tions. DirecTV launched the first digital satellite broadcasting in the
United States in June, 1994, while in Europe the French Canal Satellite
launched the first digital satellite television in April, 1996 [14]. The
technology used by DirecTV was developed in cooperation with DVB
members parallel to the work on the DVB digital satellite transmission
specifications. Hence, the two transmission systems show many
similarities.

To fully benefit from the success of the MUSE transmission standard,
Japan officially started the development of DTV in the summer of 1994.
The Japanese Ministry of Post and Telecommunications (MPT) was founded
by the Digital Broadcasting Development Office to coordinate the devel-
opment of DTV. By that time, the European offices of several Japan-based
enterprises had already participated in the DVB project. This is probably
why Japan adopted the MPEG-2 standard for source coding and system
information and why the Japanese proposals for digital transmission sys-
tems are similar to the DVB specifications. In October 1996, PerfecTV
started the first public digital satellite broadcasting in Japan.

Table 1.5 lists significant events in the evolution of DTV systems.

1.7 Summary and
conclusions

The development of television officially started in 1884 when German
Paul Gottlieb Nipkow patented his mechanical television system. Several
other Europeans and Americans, who constantly improved Nipkow’s
system, can be considered the first pioneers.

With the introduction of electronic systems, regular television broad-
casting began in Europe in 1936, followed by the United States and later
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Table 1.5
Developments in Digital Television Systems

Date Development

1990 First proposal for a completely digital HDTV system for terrestrial broadcasting by GI

1991 Scandinavian HD-DIVINE project on digital HDTV standard for terrestrial
broadcasting

1992 Formation of the ELG

1993 Formation of the GA in the United States

1993 Initiation of the European DVB Project

1994 Founding of the Digital Broadcasting Development Office in Japan by MPT

1994 First public digital satellite broadcasting in the United States by DirecTV

1994 European standard on digital direct-to-home (DTH) satellite broadcasting by DVB
1994 European standard on digital broadcasting via CATV networks by DVB

1995 European standard on digital satellite master antenna television (SMATV) by DVB
1995 ATSC DTV standard A/53 in the United States

1995 European Union television standards Directive

1995 Specification of common scrambling algorithm for CA by DVB

1995 ATSC digital audio compression (AC-3) standard A/52 in the United States

1996 Specification of common interface for CA by DVB

1996 First public digital satellite broadcasting in Europe by Canal Satellite

1996 European standard on digital multipoint video distribution systems (MVDS) by DVB
1996 First public digital satellite broadcasting in Japan by PerfecTV

1997 European standard on digital MMDS by DVB

1997 European standard on digital terrestrial broadcasting by DVB

Japan. Depending whether the electrical power was supplied at 50 Hz or
60 Hz, countries around the world used a television system with inter-
laced scanning at a frequency of either 50 Hz (Europe) or 60 Hz (United
States and Japan).

Although the first proposals for color television date from 1904 in
Germany, the United States was the first country to provide public color
television broadcasting in 1954 using its NTSC standard with 525 lines
and 60-Hz interlaced scanning. This standard was adopted by Japan,
which started public broadcasting six years later. In Europe, public broad-
casting was launched in 1967 using the European SECAM and PAL stan-
dards, which were based on 625 lines and 50-Hz interlaced scanning.
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In the mid 1960s, an attempt at a high-quality world standard (HDTV)
was made in Japan. With the development of the MUSE satellite trans-
mission standard for HDTV with 1,125 lines and 60-Hz interlaced scan-
ning, Japan was far ahead of the rest of the world. Europe reacted, and the
HDMAC satellite transmission standard based on 1,250 lines with 50-Hz
interlaced scanning was developed. The United States followed a different
course with an initiative to develop an HDTV standard for terrestrial
transmission.

The United States’ initiative resulted in the establishment of the GA,
which aimed to develop a completely digital HDTV system for terrestrial
broadcasting. In Europe, on the other hand, the market’s demand led to
the development of a European normal wide-screen (16:9) television sys-
tem. Within the European DVB, project priority was given to digital trans-
mission via satellite and CATV networks. The terrestrial transmission
system was specified later. Several parties in the United States adopted
the DVB satellite specifications and will probably adopt the DVB specifica-
tions for transmission via CATV networks. In Japan, the DVB satellite,
CATV network, and terrestrial transmission specifications will most likely
be adopted. Hence, the DVB satellite and CATV specifications may
become world standards. In digital terrestrial systems, it seems that there
will be two options (DVB or GA).

DTV is more than simply the broadcasting of television programs.
With the application of digital techniques, television services can be effi-
ciently provided via several kinds of telecommunication networks. This
results in a convergence of the traditional broadcasting and telecommu-
nications sectors, and as these traditional boundaries disappear, new
infrastructures for the provision of interactive multimedia services arise.
These infrastructures can be regarded as future electronic highways.
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Theoretical
framework

2.1 Introduction

This chapter provides a theoretical frame-
work for DTV. Part of this framework consists
of a model that is used to describe the ditfer-
ent services that can be provided via DTV sys-
tems. The advantage of these systems is their
ability to provide large-scale interactive serv-
ices, instead of providing only traditional dis-
tribution services. Depending on the
content’s economic value, some of these serv-
ices may be provided via a CA system.

The second part of the framework is
formed by a policy model. As discussed in
Section 2.3, this model is a useful tool for
making a functional distinction on which sev-
eral types of policies can be based. Finally, the
services model and the policy model are com-
bined to provide an overview of the theoreti-
cal framework, which also includes the
services’ various information streams.
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2.2 Services

This section first discusses interactive services and CA services. Next, a
generic services model concerning a categorization of different types of
services is presented. Finally, examples are used to illustrate the services
model.

2.2.1 Interactive services

The traditional principle of television is that the broadcaster’s content is
distributed via a broadcast network to the end user. With respect to these
kinds of services, television can be considered a passive medium. As con-
cluded in Chapter 1, DTV enables more than the distribution of content
only. It allows a large-scale provision of interactive multimedia services
via the television medium. This implies that in communication, the end
user is able to control and influence the subjects of communication, with
the control and influence taking place via an interactive network [1].
Hence, the user is able to play a more active role than before.

2.2.2 Conditional access services

(Interactive) television services can be provided via CA systems. In this
context, a CA system ensures that only authorized users (i.e., users with a
valid contract) can watch a particular programming package [2]. In tech-
nical terms, a TV program is broadcast in encrypted form and can only be
decrypted by means of a set-top box. The set-top box incorporates the
necessary hardware, software, and interfaces to select, receive, and
decrypt the programs. Chapter 11 discusses the aspects of CA in more
detail.

2.2.3 Services model

Depending on the different forms of communication and their applica-
tion, two categories of telecommunications services can be distinguished:
interactive services and distribution services (see Figure 2.1). These cate-
gories can be further divided into several subcategories: The interactive
services are divided into registration, conversational, messaging, and
retrieval services, while the distribution services, in turn, are divided into
services with and without individual user presentation control. This
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model is based on a combination of a services categorization by CCITT [3]
and the model from Bordewijk and Van Kaam [4] concerning types of
information flows in communication.

The several categories are described as follows:

D Registration services provide the means for the collection of available
information from individual users (sources) by a center during a
time that is specified by the center per subject.

D Conversational services generally provide the means for bidirectional
dialogue communication with real-time (no store-forward) end-
to-end information transfer from user to user. The flow of user
information may be either bidirectional symmetric or bidirectional
asymmetric. The information is generated by the sending user or
users and is dedicated to one or more individual communication
partners at the receiving site.

D Messaging services offer user-to-user communication between indi-
vidual users via storage units with store-and-forward, mailbox,
and/or message handling (e.g., information editing, processing, and
conversion) functions.

d The user of retrieval services can retrieve information stored in infor-
mation centers and provided for general public use. This informa-
tion will be sent to the user only upon demand. The information
can be retrieved on an individual basis. Moreover, the user controls
the time at which an information sequence begins.

D Distribution services without user individual presentation control include
broadcast services. They provide a continuous flow of information
that is distributed from a central source to an unlimited number of
authorized receivers connected to the network. The user can access
this flow of information without the ability to determine the instant
at which the distribution of a string of information will be started.
The user cannot control the start and order of the presentation of
the broadcast information. Depending on the point of time the user
accesses the service, the information may not be presented from the
beginning.

D Distribution services with user individual presentation control also distrib-
ute information from a central source to a large number of users.
However, the information is provided as a sequence of information
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entities (e.g., frames) with cyclical repetition. As a result, the user
has the ability to individually access the cyclical distributed infor-
mation and can control the start and order of presentation. Due to
the cyclical repetition, the information entities selected by the user
will always be presented from their beginning.

Figure 2.1 also contains several examples of types of services. These
services can be provided with the application of digital techniques and,
depending on the content, may or may not be provided by way of a CA
system. Some of the types of services illustrated by Figure 2.1 are
explained as follows.

Direct-response-TV implies that the user can respond directly to the
provided program. Examples are interactive TV quiz shows or inter-
active commercials. The required return channel can, for example,
be realized via a public telephone network or a bidirectional CATV
network.

In the case of pay-TV, a CA system is used to allow only authorized
users to watch a particular programming package. The program-
ming package is broadcast in encrypted form and can only be
decrypted by means of a set-top box.

A pay-per-view (PPV) system basically uses the same technique as
pay TV. The only difference is that the user now pays per program,
rather than paying for the entire programming package. Techni-
cally, the system is extended with an ordering system. The required
return channel can be realized via the same networks as mentioned
above.

A video-on-demand system enables an individual user to demand a
program, which is stored in a database, at a time specified by this
user. Moreover, the user may have the ability to perform such func-
tions as stop, forward, or play back the selected program.

Near-video-on-demand refers to a system that starts the same pro-
gram on a different channel with a pause (e.g., every 10 minutes).
This requires the use of a considerable number of channels. These
channels can be created through the application of digital compres-
sion techniques, by which means the required bandwidth per chan-
nel decreases dramatically. In contrast with the video-on-demand
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system, the user has to wait a short time in order to watch a selected
program. Hence, the near-video-on-demand system nearly pro-
vides the same convenience as the video-on-demand system.

» With linear teletext, several teletext pages, embedded in the TV sig-
nal, are broadcasted to the TV set via a transmission medium. The
selected teletext page is stored in memory, after which it can be
watched. In case of interactive teletext a teletext page is transmitted to
an individual user or a user group. The request for the page con-
cerned can be processed via a return channel through, for example,
a public telephony network. By means of this interactive teletext
system messaging services (e.g., personal insurance information)
can be supported. Moreover, the same technique allows the
retrieval of data from external databases. In this case, one can, for
example, retrieve travel information.

2.3 Policy

This section discusses the layer model—which can be used to make
a functional distinction on which several types of policies can be based—
and uses examples to illustrate the layer model’s scope and application. In
addtion, the layer model is combined with the services model, thereby
allowing an overview of the theoretical framework. This overview also
discusses the services’ information streams.

2.3.1 The layer model

In telecommunications and broadcasting, the central element is the con-
tent, rather than the way of transporting it. Transport can be established
in several ways, for example, via electromagnetic (cable and ether) or
optic (optical fiber) transmission. In addition to the difference between
content and transport, terminal equipment can be distinguished. Termi-
nal equipment is needed for the presentation of content. The user, in
turn, may use the same or other terminal equipment to send data
back to the source. Hence, interactive communication is achieved (see
Figure 2.2).

Within content and transport a further distinction can be made. Con-
tent can be divided into information and information services. In turn,
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Terminal equipment

Transport

Content

«

Figure 2.2 Difference between content, transport, and terminal
equipment.

transport concerns value-added services, network services, and transmis-
sion capacity (see Figure 2.3).
The terms used in Figure 2.3 are defined as follows:

D Information is meaningful data that is transported in a particular
way.

» When the combination and provision of information takes place in
a more or less institutionalized way, one speaks of an information
service.

D A value-added service is a service that, with the use of the routing
capacity of one or more network services, establishes an additional
function to the network service(s).

D A network service is a service that, with the use of the transmission
capacity provided by one or more telecommunication infrastruc-
tures, provides routing for the end users.
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Figure 2.3 Functional distinctions in telecommunications and
broadcasting.

d The telecommunication infrastructure is the transmission capacity that
can be used for the transport of signals between defined network
termination points.

D Terminal equipment is a construction or a combination of construc-
tions that is meant to be directly connected to a public telecommu-
nications network via a network termination point.

D A network termination point is the whole of physical connec-
tions with their technical specifications, which are part of a tele-
communications network and are needed to obtain access to this
network and to efficiently communicate via this network.
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It is worth noting that the definition of value-added services or
value-added networks varies from country to country but is generally
worded to cover any service falling outside the definition of a basic net-
work service. This definition allows entrepreneurial companies to estab-
lish services at a premium price, based upon network and transmission
equipment leased from the public telephone operator [5].

Terminal equipment can be a telephone, telex, fax, or modem but can
also refer to complicated equipment and private networks. The latter
forms the link between the user’s own facilities and the public telecom-
munications network.

The functional distinction just made is presented in a different way in
Figure 2.4. Because of its layered construction, this model is called the
layer model.

Within each layer, the model includes several examples. The exam-
ples concerning the network services and transmission capacity layers are
more specific. A network service is constructed for a specific application.
Each application requires a certain bandwidth in the frequency domain.
Depending on the application, each network incorporates a specific infra-
structure’s transmission capacity. For example, a radio and television net-
work service makes use of a CATV infrastructure’s capacity for cable
transmission. However, a different radio and television network service
may use the radio spectrum’s capacity for satellite broadcasting. With the
application of compression techniques, this network service can even be
provided via the PTT (post telegraph and telephone) infrastructure’s capac-
ity. On the other hand, an infrastructure’s capacity may be used for more
than one application. For example, a CATV infrastructure can provide
capacity for a fixed telephony network service as well as a radio and tele-
vision network service.

In principle, all network services may use different types of infrastruc-
tures’ capacities, and an infrastructure’s capacity may be used for one or
more network services. Hence, a matrix of all different kinds of possibili-
ties arises. In some cases, however, legal and/or technological barriers still
exist. For example, CATV network operators are not always allowed to
provide telephony services, and not all CATV networks are yet capable of
supporting two-way communication. The removal of legal barriers is
required to stimulate this technological innovation.

1. See also [6, 7] for layer modeling in telecommunications.
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The next layer concerns terminal equipment, which can be con-
nected to the network. On the dividing line between transport (i.e., the
infrastructure’s capacity) and terminal equipment, the network termina-
tion point is defined. The equipment needed for a service’s realization has
to be regarded as part of the service and not as terminal equipment. This
equipment is referred to as supporting equipment. From a legal perspec-
tive, terminal equipment is directly connected to the network termina-
tion point.

Finally, it has to be stated that it is not necessary to make use of an
information service and/or a value-added service. For example, a tele-
phone conversation does not involve an information service and does not
necessarily require a value-added service.

2.3.2 Scope and application of the
layer model

The layer model describes a functional separation between content,
transport, and terminal equipment. This model can be applied in several
ways. First, it can be used to make a distinction between certain legal or
policy domains. Some legal or policy frameworks are oriented on content
(e.g., media policies), others on transport (e.g., telecommunications and
broadcasting policies) and/or terminal equipment (e.g., telecommunica-
tions and consumer equipment policies). Next, the various activities of
the actors involved can be allocated in the model’s different layers. Fur-
thermore, from an economic perspective this model can be regarded as a
value-added chain. From the information layer to the terminal equip-
ment layer, economic value is added to the information product. Finally,
this model makes a clear distinction between services on one hand and
the infrastructure’s capacity on the other hand. This allows a matrix of
network services and infrastructure’s capacities.

The layer model does not make a distinction from a purely technical
perspective. In contrast, the open systems interconnection (OSI) model and
the four-layer model [8] are models that describe several layers from this
limited perspective. The OSI model’s layers are the physical, data link, net-
work, transport, session, presentation, and application layers. The four-layer
model describes the connections, transport functions, telematic functions, and
additional normslayers. It is beyond the scope of this section to discuss both
technical models in more detail. Because of the layered structure of all
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three models, one might believe their application is similar. However, the
layer model proves its value because of its broader scope.

2.3.3 Services and information
streams

Section 2.2 discusses several categories of interactive and distribution
services. These services and their information streams can be visualized
within the layer model (see Figure 2.5).

To understand Figure 2.5, consider, for example, an interactive DTV
program in which the viewer of an international tennis match has the
ability to choose the camera position. From the perspective of the layer
model, the images which are produced by several cameras, and the
accompanying sounds form the information. A broadcaster combines this
information with the voice of a local or regional reporter and includes
this program in its programming package. Moreover, the broadcaster
encrypts this programming package so that only authorized viewers with
whom the company has a valid contract can watch it. Hence, the
broadcaster provides an information service and a value-added service
respectively. Next, the programming package, including the international
tennis match, is provided to the user via a bidirectional radio and televi-
sion network service, which, in turn, uses a CATV infrastructure’s capac-
ity. Alternatively, the radio spectrum’s capacity could be used for satellite
broadcasting. Finally, the international tennis match is provided to the
user’s set-top box after which decryption takes place and the program can
be watched. With respect to the services model, the broadcaster provides
a distribution service without individual user presentation control.

However, the viewer is capable of choosing the camera position.
Hence, the viewer becomes the stage manager. The user’s starting point is
the terminal equipment layer within the layer model. By means of an
interactive set-top box, the viewer sends a signal back to the broad-
caster, and this signal indicates the camera position. This signal can be
transported via the bidirectional radio and television network, which uses
the CATV infrastructure’s capacity. In the case of satellite broadcasting,
the viewer can send his or her signal via a fixed telephony network,
which uses the PTT infrastructure’s capacity. The path along which the
viewer sends his signal to the broadcaster is called the return channel.
Finally, the broadcaster provides the required information (i.e., the
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images corresponding to the requested camera position) to the individual
viewer as described above. In the context of the services model, the
broadcaster now provides a retrieval service.

As an extra information service, information on the players (e.g., age,
nationality, results of latest matches, and world ranking) could be pro-
vided during the tennis match. In the layer model’s context, this can be
achieved by means of the value-added teletext service. Teletext pages
including this information can be sent along with the program’s signal via
the routing capacity of the radio and television network service. In the
services model, the broadcaster provides an additional distribution serv-
ice with individual user presentation control.

2.4 Summary and
conclusions

The services model categorizes different types of interactive and distribu-
tion services. Depending on the value of the content, some of these serv-
ices may be provided via a CA system.

The layer model is a useful instrument for making a functional dis-
tinction on which several policies (e.g., media or telecommunications
policies) can be based. As such, it defines layers concerning content
(information and information services), transport (value-added services,
network services, and infrastructure/capacity), and terminal equipment.
The model can be used to allocate the actors” activities in one or more of its
layers as well. These layers can be regarded as an economic value-added
chain.

In addition, the layer model provides a clear distinction between serv-
ices and the infrastructure’s capacity. This allows a matrix of network
services and infrastructure capacities.
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3.1 Introduction

The technological developments in informa-
tion and communications technologies have
led to a convergence of speech/audio, data,
text, graphics, and video and thus to multi-
media applications. At the same time, peo-
ple in modern society are becoming more
and more individualistic. As a result, service
providers are forced to focus on individual
consumer demands. Since interactivity
allows them to obtain individual feedback
from their customers, technological conver-
gence and social individualization lead to the
development of interactive multimedia
services.

The technological convergence also
affects several traditional service-oriented
sectors of the communications industry,
namely the entertainment, information, tele-
communications, and transaction sectors: As
their products are integrated, these sectors
are becoming more and more dependent on
each other. In Chapter 2, the layer model is
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used to identify the several actors’ activities in these sectors. This chapter
describes the changes in their activities within, as well as between, sectors
and explains the aspect of market power in the economic value-added
chain.

3.2 Convergence among
traditional sectors

Four traditional sectors that play an important part in the development of
interactive multimedia services in the context of DTV are the entertain-
ment, information, telecommunications, and transaction sectors. The
entertainment sector’s services are aimed at individual consumers in their
home environment. Examples are television, pay TV, and electronic
games. The information sector provides services that normally require
the user to take the initiative, and the user, rather than the service pro-
vider, selects all information. This entails, for example, online/off-line
services and database retrieval. It should be noted that the written press
(e.g., newspaper publishers) is also part of this sector. However, it is
beyond the scope of this book to discuss these actor’s services.

The telecommunications sector provides services for communication
between persons and/or systems. Such communication takes place via a
telecommunications network.

Finally, the transaction sector provides services that concern the
transfer of information in the form of an individual participant’s instruc-
tion to the center at a time specified by the individual participant, with the
objective of accomplishing an agreement. Transactions can be implicitly
included in a service. For example, in the case of PPV, the ordering of a
movie automatically leads to payment. On the other hand, transactions
can be explicit. In this case, the transaction service supports another serv-
ice. Examples are teleshopping, electronic banking, and electronically
ordering cinema tickets. These services do not necessarily lead to a trans-
action, since these services can also be used to retrieve product or
credit/debit balance information.

The entertainment sector’s and information sector’s products cannot
always be easily distinguished. Information that is simply entertaining for
one user can provide much needed facts for another user. A basketball
game, for example, can be considered entertainment. However, the same
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game can contain necessary information for players and/or coaches ana-
lyzing techniques and tactics. As a result of the convergence of the infor-
mation and entertainment sectors, the term infotainment is often used.
Infotainment services like pay-TV or online services are often provided
via telecommunications networks. This implies a convergence between
the infotainment and telecommunications sectors. This convergence is
also evident in the existence of electronic games that can be played by
several people at once using telecommunications networks. Convergence
between the infotainment and transaction sector occurs when users
make explicit transactions for the payment of infotainment products. For
example, a user can order a movie via a video-on-demand service and pay
for it with a prepaid smart card. The required card reader can be incorpo-
rated in a set-top box.

3.3 Layer modeling of
sectors and actors

Chapter 2 explained that the layer model can, among other functions, be
used to allocate the actors” activities. For the purpose of this chapter, the
layer model is used to construct a matrix of layers and the traditional sec-
tors (see Figure 3.1). The matrix shows that several actors are active in
more than one layer within a sector as well as in more than one sector. It
has to be stated that, depending on the layer and the sector, the number of
actors is not always equal in all parts of the matrix.

The group of actors that is involved in information production con-
sists of rightful claimants of special information (e.g., films, articles, data-
bases, or video games). In transactions, it is difficult to address the
information’s rightful claimant. In this case, the financial institutions
(i.e., the initiators of this information) are considered to be the informa-
tion producers [1]. The information service providers can be broadcasters,
packagers, online service providers, and commercial and financial service
organizations. Value-added service providers, in turn, provide subscriber
management, orders, billing, and other additional network tasks for the
exploitation of information services. The providers of network services
are public telecommunications organizations and CATV, terrestrial, and
satellite operators. The last group is mainly active in the field of direct
broadcast satellite (DBS) services.



Information
producers

Information
service providers

Value-added
service providers

Network
service providers

Infrastructure/capacity
providers

Conditional access
terminal equipment
manufacturers

Figure 3.1 Layer modeling

Infotainment

Telecommunications

Transaction

Film- and video producers
authors, journalists
games producers

Service providers

Service providers

Broadcasters
packagers
on-line service providers

Public telecom operators

Commercial/financial
service providers

Service providers

Public telecom operators
service providers

Public telecom operators
service providers

CATV operators
satellite operators
terrestrial operators

Public telecom operators
satellite operators
terrestrial operators

Public telecom operators

CATV operators
satellite operators
terrestrial operators

Public telecom operators
satellite operators
terrestrial operators

Public telecom operators

Set-top box manufacturers
chipcard manaufacturers
game consoles manufacturers

of sectors and actors.

Mobile handheld set
manufacturers
chipcard manufacturers

Computer/software
manufacturers
chipcard manufacturers

8¢

suonembay pue ‘spiepurels ‘Abojouyoa], :bunseopeolg 09pIiA [BIOIQ



Technological and market convergence 39

The infrastructure/capacity providers’ layer involves, more or less,
the same actors as those participating in the provision of network serv-
ices. In some cases, this has a historical background. For provision of the
public telephony and radio and television services, the PTT and the CATV
operators traditionally had to take care of the network services and the
infrastructure’s capacity. However, these actors do not necessarily have
tobeactive in both layers at the same time. For example, some publictele-
communications organizations specialize in the laying of transatlantic
cables. Network service providers, in turn, can lease part of this cable’s
transmission capacity for their networks. Another example is a satellite
operator that has to obtain a license for the use of a part of the radio spec-
trum in order to provide its services.

Finally, there are the manufacturers of CA terminal equipment (e.g.,
set-top boxes and cash machines). These actors must not be automatically
identified as gatekeepers. Gatekeepers exploit the CA system. Often, an
information service provider (e.g., a pay-TV operator) exploits this sys-
tem. However, CA terminal equipment is an important instrument in
executing the gatekeeper’s function.

3.4 Changes in actors’
activities

Currently, several actors in the provision of information and communica-
tion are changing their activities. In most cases, this concerns an exten-
sion of the core business toward other layers within the economic
value-added chain or even toward other sectors. This section explains the
changes in actors’ activities, as well as the character of these changes, and
discusses the actors” motivation for these changes.

3.4.1 Market behavior

The actors are allocated in the economic value-added chains of the
traditional sectors of infotainment, telecommunications, and transaction
through the matrix in Figure 3.1. The character of changes in the actors’
activities, in the case of the extension of activities, can be categorized by
means of several types of integration, defined as follows:
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D Horizontal integration: The extension of activities toward two or
more sectors within the same layer of the economic value-added
chain;

D Vertical integration: The extension of activities toward two or more
layers within the same sector’s economic value-added chain;

D Diagonal integration: The extension of activities toward two or more
sectors and not within the same layer(s) of the economic value-
added chain(s).

Concerning these types of integration, a further distinction in actual
market behavior can be made. For this purpose, the following
actual behaviors are defined [2]:

d Competition is the rival behavior of market parties, which act
autonomously toward the achievement of a certain objective. The
behavior is subject to uncertainty. Competition can lead to a market
party’s expansion. When a market party expands without cooper-
ating with, or taking over, rivals, the market party achieves internal
growth.

D Concentration is the expansion of a market party through fusion,
takeover, or the obtaining of control through ownership and man-
agement, in the case of a minority participation.

D Cooperation occurs when independent market parties strive toward
a common objective through united means or behaviors. Coopera-
tion between market parties can exist in binding agreements,
mutually adjusted actual behavior, or the foundation of joint
ventures.

Figure 3.2 presents all possible types of market behavior within the
economic value-added chain(s).

Market and literature research [3] on the infotainment sector has
shown that three important trends can be distinguished within this
sector:

1. Horizontal integration based on competition (in the layers
concerning terminal equipment, infrastructure/capacity and net-
work services);
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Figure 3.2 Types of market behavior.

2. Vertical integration based on cooperation (in all layers, except the
information layer);

3. Vertical integration based on competition (in all layers, except the
layers concerning information and information services).

Sections 3.4.2-3.4.5 will discuss these trends for each layer’s actors in
more detail.

3.4.2 Conditional access terminal
equipment manufacturers

The horizontal integration in the CA terminal equipment manufacturers’
layer mainly occurs among chip card manufacturers, which operate on
the market in all three sectors on the basis of full competition. Chip cards
are becoming more and more standardized. As a result, the concerned
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terminal equipment incorporates standard solutions for the application of
chip cards.

When set-top box manufacturers integrate vertically, they integrate
via cooperation. This cooperation is mainly embodied by joint ventures
with network service providers, value-added service providers, and/or
information service providers. At present, game console manufactures do
not show any sign of horizontal or vertical integration. Their only relation
is with the information layer’s game producers. It is very well possible
that in the near future interactive games will be played on the PC or tele-
vision with several players via telecommunications networks. In this
case, cooperation with the actors from the intermediate layers is likely
to occur.

3.4.3 Network service providers

Network service providers often manage the network’s infrastructure
capacity as well as the network service itself. Hence, both layers are verti-
cally integrated to a large extent. Within the layers concerning network
services and infrastructure/capacity, horizontal integration based on
competition takes place. Network services are being provided more and
more outside the traditional sector. For example, CATV operators have
started to provide public telephony services. Hence, they now operate
in the traditional telecommunications sector. In turn, public telecommu-
nications organizations are conducting research on the provision of
high-quality video images via their telephony networks. Similarly, the
transaction sector has always made use of the public telecommunications
organizations’ leased lines for their financial transactions. In principle,
CATV operators have the potential to do the same.

In addition to the provision of radio and television network services,
network service providers (mainly CATV operators) aim to provide (their
own) value-added services. In the value-added services layer, the finan-
cial margins are higher. Network providers offering value-added services
are able to improve their profile with customers. This vertical integration
process has a competitive character.

On the other hand, network service providers also vertically integrate
on the basis of cooperation by forming joint ventures with informa-
tion service providers and CA terminal equipment (i.e., set-top box)
manufacturers. This allows network service providers to share in their
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competitors’ profits but may sometimes introduce a conflict regarding
which party should act as the gatekeeper. This is because more and more
network service providers, such as satellite and CATV operators, are pro-
viding CA services as a value-added service. For this purpose, they are
allocating (proprietary) set-top boxes to their customers’ premises. Their
motivation is that they want to become gatekeeper for, at the very least,
their own services, rather than providing only their infrastructures’
capacity. Moreover, the role of gatekeeper allows them to increase their
profile and to build up customer relationships. Hence, the network serv-
ice providers also vertically integrate on the basis of competition.

3.4.4 Value-added service providers

Value-added services provide an additional function to the basic network
service. When network services are used in sectors other than the tradi-
tional sector, value-added services will also be introduced in these sectors.
In general, value-added service providers do not undertake any large-
scale initiatives to any form of integration. At this moment, the value-
added service provider layer features none of the horizontal integration
that takes place in the underlying layers. However, there are some inter-
esting applications that show signs of diagonal integration.

For example, public telephony networks are used to provide return
channels to facilitate interactive television services. The value-added
1-900 service allows the customer to order a specific information service.
It can also be used to generate a cash flow. In the infotainment sector,
meanwhile, a value-added transaction service called E-cash has been
introduced. E-cash (an electronic equivalent of cash) can, among other
things, be used to pay for information services. The basis of E-cash is the
application of cryptography, by which a cyberbank processes payments
securely and anonymously via normal telephone lines. Presently, banks
are too conservative to do business via unsecured telephone lines, but, on
the other hand, they see many potential customers. Thus, in the future
they may act as Cyberbanks as well. In the United States, experiments
with E-cash have been done on the Internet.

3.4.5 Information service providers

Many pay-TV operators act as information service providers (i.e.,
programming packagers) and value-added service providers (i.e., CA
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services). These operators are vertically integrated to a large extent with
satellite operators and set-top box equipment manufacturers on the basis
of cooperation. In countries with a high cable penetration, pay-TV opera-
tors are vertically integrating on the basis of cooperation as well. In these
cases, pay-TV operators mainly start joint ventures with CATV operators
and set-top box manufacturers.

At this moment, horizontal integration in the information service
layer hardly takes place. The information service providers’ products still
show too many differences. However, as a result of technological devel-
opments (i.e., interactive multimedia services), new possibilities are aris-
ing for the different sectors” information service providers to combine
their products. For example, teleshopping programs entail horizontal
integration of the infotainment and transaction sectors.

3.4.6 Information producers

The integration process is developing gradually within the information
production layer. In the case of electronic publication of newspapers
and/or electronic magazines, publishers and online service providers are
also acting as information service providers and sometimes even provide
value-added services. Hence, these actors vertically integrate on the basis
of competition.

Furthermore, several commercial broadcasters work together with
publishers so that they are not fully dependent on the rightful claimants
of information. Their market behavior can be characterized as horizon-
tal integration on the basis of cooperation and sometimes even
concentration.

An overview of the actors’ changes in activities can be presented via
the layer modeling of sectors and actors (see Figure 3.3).

3.5 Power in the
value-added chain

Within the infotainment sector, information service providers, as well as
network providers and CA terminal equipment manufacturers, want to
control the access to services. In other words, they all want to function as
gatekeeper. Information service providers want to establish a relationship
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between consumers and their specific product(s). In doing so, they aim
towards exclusivity. The network providers” objective, meanwhile, is the
creation of a one-stop shop that allows consumers to obtain all services
from one and the same service provider. The shop’s name is associated
with the network provider, allowing the establishment of a relationship
with consumers. Finally, the CA terminal equipment manufacturers try
to distinguish themselves by incorporating extra functionalities in their
products (i.e., set-top boxes).

Information service providers have been the first to invest in pay-TV.
In this manner, they have controlled the management of the CA value-
added network service and the set-top box population. In the case of, for
example, CATV broadcasting, CATV operators only provided the radio
and television network service and the CATV infrastructure’s transmis-
sion capacity. The same applies to satellite operators. Network service
providers” ambition is to deploy activities in the field of pay-TV them-
selves. This results in tension between CATV operators and information
service providers, although they remain aware of their mutual
dependence.

With this awareness in mind, information service providers and net-
work service providers (mainly CATV operators) started to integrate
vertically along with the CA terminal equipment manufacturers. This
integration has spawned several joint ventures that aim to ensure the
achievement of a return on investment. In addition, these joint ventures
are interested in the acquisition of program rights and broadcast licenses.

In general, one of the positive results of integration can be that one-
stop shopping is achieved. Moreover, economies of scale can lead to cost
reductions and thus to lower prices for consumers. These economies of
scale can also result in standardized solutions for CA systems and the abil-
ity to compete in the global market. Moreover, combined investments
can lead to a general improvement of service.

However, integration can also lead to undesirable situations: There is
a considerable risk that the participating network service provider will
offer a better deal to its business partner than to other its partner’s com-
petitors. Worse yet, potential competitors may not even enter the market
because of this risk. This applies particularly to situations in which the
concerned vertically integrated network provider has a monopoly posi-
tion; for example, CATV operators are often monopolists in a local geo-
graphical area. Companies’ hesitation to enter the market is increased if
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the market is only big enough to accommodate a limited number of serv-
ice providers and if those service providers already have a strong market
position. Such a position is often protected by the application of proprie-
tary solutions for CA systems.

3.6 Summary and
conclusions

Asaresult of the convergence of various information and communication
technologies, the DTV market is also subject to a convergence process.
The actors from the traditional infotainment, telecommunications, and
transaction sectors are developing activities beyond the scope of their core
business. In the context of DTV, several actors from different layers within
the infotainment sector compete to play the gatekeeper’s role. At the
same time, however, they also integrate vertically on the basis of coopera-
tion: By launching joint ventures, they try to eliminate uncertainties in
the achievement of a return on investment, which are characteristic of
many emerging markets. Integration can have positive as well as negative
effects. The objective of government policies should be to create an open
market structure without affecting the incentive to (further) invest in this
turbulent market.
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4.1 Introduction

The current NTSC standards were created in
the 1940s through a joint effort of industry
and governmental agencies. However, as is
the case with the new DTV standards, a heavy
battle between diverse interest groups prede-
fined the outcome. The battle was about
whether television should be seen as “view-
able radio” or whether watching television
should be the equivalent of “enjoying a movie
in the living room.” A forceful intervention of
the Radio Corporation of America (RCA) ended
the battle. The result was the adoption of the
NTSC system as a series of technical stan-
dards for television, thus making the radio
broadcasting and manufacturing industries
the winners. If this outcome had not been
achieved, television might have become
“theater TV” or “subscription TV” linked by
cable.

The new DTV standards were to be cre-
ated by an Advisory Committee on Advanced Tele-
vision Service (ACATS). This committee was
established in November 1987 by the FCC to
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assist the agency in the establishment of new video standards for the
United States.' Initially, approximately 23 advanced television propos-
als—all featuring analog transmission—were presented to the commit-
tee. Through proponent mergers and attrition this number was soon
reduced to a handful. Subsequently, the Advanced Television Test Center
(ATTC) was established in June 1988. The ATTC was charged with testing
the various advanced television systems in the field and under laboratory
conditions. Another important event was the March 1990 FCC
announcement for preference of simulcast broadcasting. By showing this
preference, the FCC challenged the contenders to deliver HDTV in a single
6-MHz broadcast channel, the same capacity assigned to the NTSC broad-
casts. In June 1990, the General Instrument Corporation modified its pro-
posal to fully incorporate digital transmission. Three of the four
remaining HDTV systems quickly adopted this technological advance
with only the Japanese NHK proposal retaining its original analog trans-
mission scheme. In February 1993, the advisory committee approved the
release of the report on testing and data analysis of the five HDTV systems.
Based on these tests, the committee decided that the four digital systems
had spectrum utilization characteristics far superior to the NHK proposal,
which was thereafter eliminated. The advisory committee provided the
proponents with a critical choice: to undergo a second (and expensive)
round of testing focusing on technical improvements that each system
had proposed, or to merge their efforts in a single unified system.
Mid-1993 saw the formation of the GA , whose members were AT&T,
General Instrument Corporation, Massachusetts Institute of Technology,
Philips Electronics North America Corporation, David Sarnoff Research
Center, Thomson Consumer Electronics, and Zenith Electronics Corpora-
tion. In 1994, the first GA system was constructed. AT&T and General
Instrument jointly built the video encoder. Philips constructed the video
decoder. Sarnoff and Thomson cooperated in building the transport sub-
system, and Zenith built the modulation subsystem. In March 1995, after
integrating the different elements into a complete prototype, the GA
HDTV standard was completed. The system was delivered to the FCC for
testing, at the ATTC in Alexandria, Virginia, followed by field test-
ing at Charlotte. The proposed standard was submitted to the FCC

1. Notice of Inquiry in the Matter of Advanced Television Systems and Their Impact on the
Existing Broadcast Service, 2 FCC Red 5125 (1987).
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for final certification. The proposed HDTV standard was approved by the
FCC-ACATS.? Finally, congressional approval was granted for the new
GA-HDTV standard for the United States.

Trying to formulate conclusions on the standard-setting process for
DTV, itis possible to state that the winners of the new digital standards are
the representatives of the telecommunications and IT (equipment) indus-
try rather than the broadcasting industry, that won the battle for the DTV
standards [1, 2].

4.2 General policy and
regulatory environment

Before zooming in on the DTV context, it is necessary to describe the gen-
eral policy and regulatory environment. This concerns telecommunica-
tions as well as the broadcasting policy and regulatory frameworks [3, 4].

4.2.1 The communications act

By 1996, the Communications Act of 1934, after 20 years of fundamental
criticism, needed to be updated. After 62 years of enforcing the act, there
were so many statutory and court-ordered barriers against competition
between segments of the telecommunications industry that renewal
became a necessity. These barriers between different operators needed to
be eliminated to enable Bell operating companies (BOCs), long-distance car-
riers (interexchange carriers [IXCs]), cable companies, broadcasters, and
others to compete with one another. The result was the 1996 Telecom-
munications Act (Pub. L. No. 104-104, 110 Stat. 56, approved February 8,
1996).

The preamble to the 1996 act states that it intends “to promote
competition and reduce regulation in order to secure lower prices
and high-quality services for American telecommunications consumers
and encourage the rapid deployment of new telecommunications tech-
nologies.” The act promotes direct competition between all telecommuni-
cations providers, including terrestrial broadcasters, DBS, mobile

2. Fifth Further Notice of Proposed Rulemaking, adopted May 9, 1996, FCC 96-207 (20 May
1996), regarding the Advisory Committee recommendations for a technical standard for
digital broadcast.
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communication services, cable providers, the BOCs, and long-distance
telephone companies. The next decade will see a rapid rise in the produc-
tion and DTH delivery of video programming. This will not be achieved by
traditional programmers and distributors but by corporate organizations,
advertisers, direct marketers, public relations firms, and even political
strategists. They are the interested parties that want to reach directly into
domestic and international markets. Mergers, acquisitions, and alliances
across telecommunications, computer, and traditional media lines could
encourage cartel-like tendencies in television (and interactive) program-
ming. It is probably safe to predict that, as a consequence of increased
channels of distribution and an expanding production community, tele-
vision programming will increasingly come via “full-service” communi-
cations providers.” Increased channel capacity, increased bandwidth
availability, and the growth of video delivery through multiple media are
all driving these industry shifts, as stated by Pavlik [5].

Remarkable from a European (law) perspective is the fact that the
1996 Telecommunications Act contains many content provisions—for
example, the provisions dealing with decent and indecent behavior and
the provisions that enable the use of the V-chip in video equipment. From
a European perspective, a bill on telecommunications should regulate the
provision of telecommunications infrastructure and services and not so
much the (types of) messages provided for by the infrastructure or serv-
ice. See Chapters 2 and 3 on the division between the different “layers” of
using ICT (information and communications technology), its technolo-
gies, industries, services, and markets. This chapter will not deal with
content-like provisions as they are incorporated in the 1996 Telecommu-
nications Act, such as decency provisions.

The new telecommunications act is lengthy and contains many regu-
latory details. As in other adult democracies, a bill will only gain sufficient
support from all sectors, industries, and parties involved when there are
enough provisions to satisty all interests. It is, therefore, understandable
that, for example, the broadcasting industry was won over by more
relaxed licensing and media concentration requirements, the ability to
reserve free spectrum, greater flexibility in the use of spectrum,
longer license terms, and greater likelihood of license renewals. The

3. Companies such as Americast, the interactive television company headed by Steven
Weiswaser and comprised of Ameritech, SBC Communications, BellSouth, GTE, and the
Walt Disney Company.
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telecommunications industry, on the other hand, was won over by the
relaxation of solely providing typical telecommunications (telephony)
services either on the state (local) or federal level.

Before going into more detail on these subjects, we will discuss the
largest renewal in the telecommunications act, which is found in Title IV,
Part V and is entitled “Video Services Provided by Telephone Companies.”
It is these provisions that really move the new regulatory environment
toward a convergence of technologies and industries, bringing a real mul-
timedia environment to the foreground and repelling the statutory
restrictions against the local exchange companies’(LECs’) provision of video
programming within their telephone service areas, as well as the FCC’s
video dial-tone regulations. Part V supplies a new regulatory regime for
common carriers that compete in the video market, calling them open
video systems.

The new regime contains three main provisions, listed as follows:

1. Open video systems or cable systems operated by common carri-
ers are not subject to Title II (common carrier) nondiscriminatory
access obligations;

2. A detailed prohibition against cross-ownership applies to both
LECs and cable television systems, generally forbidding either a
LEC or a cable television operator with overlapping service areas
from owning 10% or more of the other. Joint ventures between
the LEC and the local cable operator to provide video program-
ming or any telecommunications services are also prohibited.
There are several exceptions to the cross-ownership prohibition
for rural telephone companies, small cable systems, and cable sys-
tems subject to competition. An exception may also be granted by
FCC waiver;

3. Common carriers operating or establishing a system for the deliv-
ery of video programming are not required to receive prior FCC
authorization.

The broadcasting industry was allowed more spectrum flexibility. This
gave television broadcasters an opportunity at free spectrum for a possible
new generation of digital broadcast technologies and permitted them to
use their spectrum for other services besides television broadcasting.
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However, there was some controversy over this issue, centering on the
giving out—rather than selling—of broadcast spectrum airwaves. Under
the provision, holders of existing television broadcast licenses would
receive 6 MHz of digital bands on loan, enabling them to run their signals
on both digital and analog bands while the market for the new digital sys-
tem grew. This was usually referred to as simulcasting. Broadcasters
would be able to keep the digital bands but within 15 years would have to
return the analog bands, which would then be auctioned off by the gov-
ernment. This would mean no federal revenue from the sale for 15 years
to come.

While the additional 6 MHz of spectrum is the equivalent of one
new channel, new digital transmission technology could now subdivide
6 MHz into multiple broadcasts or other uses, such as cellular telephones
or personal communications services. The “broadcast flexibility” provi-
sion allowed television stations to use any new broadcast frequencies
they received for services beyond the transmission of a single channel, by
applying these new technologies.* Competition in this area might come
from somewhat unexpected quarters such as the wireless (telephony)
operators. It is now fairly certain that new wireless technologies available
at the start of the next millennium will be able to deliver wideband DTH
services. Against this background, the acquisition of personal communica-
tion system (PCS) licenses in 1996 on the spectrum auctions held by the
FCC offered a glimpse of the competition that might appear between
the traditional wireline operators, the CATV operators, satellite (both
DBS and low Earth orbit [LEO]) and wireless (PCS) operators. Within
three to five years, PCSs will be capable of delivering wireless video
to mobile or stationary television/computer receivers. The spectrum
auction was intended to open doors to entrepreneurial “small busi-
nesses.” However, it turned out that just five companies bid more than
$8 billion for spectrum covering more than two-thirds of the U.S.
population.’

4. Regarding schemes for assigning transition channels to eligible parties [6].

5. Four of the companies are backed by Korean and Japanese investors. The largest single
bid came from eight-month-old Nextwave Communications, Inc., which bid more than
$4 billion for a service area covering over 40 percent of the U.S. population. Nextwave is
backed by Japan’s Sony Corporation, four Korean companies, and the South Korean
government [7].
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4.2.2 Direct broadcast satellite

DBS may also in the near future prove itself as a means of distributing
multimedia programming. DBS is also exempted from certain sections of
the bill, notably the ones on rates. In addition, DBS providers are exempt
from any locally imposed taxes or fees; this exemption reflects the techni-
cal design of DBS as being a national or regional service, not a local serv-
ice. In reality, however, new DBS technologies may well be able to start
delivering local services. It is fairly obvious that the ability to provide a
real local service would fundamentally transform DBS service. The inabil-
ity of DBS to deliver local programming has been a major barrier to direct,
all-out competition between cable and DBS.

As of September 1996, the nation’s three leading DBS providers
claimed a total of 3.4 million subscribers: DirecTV Inc./U.S. Satellite
Broadcasting Co.—which is owned by General Motors Corp.’s Hughes
Electronics Corp. and offers its subscribers 200 channels of entertainment
and informational programming [8]—claimed 1.8 million subscribers.
Primestar Partners, a medium-powered DBS provider owned by TCI,
Time Warner, Cox, Comcast, Continental, and General Electric that offers
up to 95 channels to its subscribers [9] boasted 1.43 million subscrib-
ers. Finally, EchoStar Communications Corp., which offers 40 U.S.
cable channels, 30 audio channels, and up to 13 premium channels,
claimed 160,000 subscribers. With the launch of a second satellite,
EchoStar expects to boost capacity to 160 channels. As of September
1996, EchoStar was actively seeking a strategic alliance with other com-
panies and was engaged in discussions with Sprint, Jones Intercable, and
Lockheed Martin Corp. [10].

AlphaStar Television Network initiated DBS service (1996) in the
United States while a MCI/News Corp. DBS venture is slated for 1998.
Some analysts predict that DBS subscribers could top five million by the
end of 1996, and estimates range from 10 to 21 million subscribers by
2000 [11].

4.2.3 Media concentration and
foreign ownership

Media concentration and foreign ownership is dealt with in Title II of
the new bill. Television networks, now limited to owning stations that
reach a total of 25 percent of the nation’s televisions, are allowed to reach
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35 percent. A cap on the number of radio stations that could be owned
nationwide has been lifted, although there are some limits on how many
stations a single company can own in each market. The FCC’s prohibition
on television networks owning a cable television company (or vice versa)
has also been lifted. However, the FCC’s rule prohibiting same-market TV
station/cable system cross-ownership has not changed. Over the objec-
tion of some key House Republicans, negotiators deleted at the eleventh
hour a provision that would have allowed foreign companies to own
American broadcast stations. The three-year cable antitrafficking restric-
tion, which prevented the sale or transfer of a cable system within three
years after a prior sale or transfer, has been eliminated.

The renewal policies and terms for broadcast licenses can also be
found in the new bill. These provisions extend the term for broadcast
licenses from five to eight years for television stations and from seven to
eight years for radio stations. In addition, incumbent broadcasters receive
the right to apply for renewal without competing applications, as well as a
presumptive right to renewal if they have served “the public interest,
convenience, and necessity” and have not committed serious violations
of laws or rules. Only after denying a renewal application can the FCC
accept and consider competitive applications for the license.

DTV is dealt with as follows. To be eligible for advanced television (ATV)
licenses, a company initially has to have an existing TV license or permit.
The act requires that either the original or the new license be surrendered
but leaves the FCC to determine when and how. Ancillary services will
have to be allowed by the FCC for ATV licensees, but such services cannot
degrade ATV service and are not entitled to must-carry rights on cable. All
ancillary services must meet public interest standards. Violations of FCC
rules stemming from ancillary services are to be considered at renewal.
The act requires the FCC to assess a spectrum fee for any ancillary service
that provides compensation to the licensee (other than from advertising
on nonsubscription services). The fee is supposed to reflect the value of
the spectrum used for the remunerative service but is not to exceed the
amount that would have been realized from an auction of that spectrum.
Every two years, during a period of 10 years (up to 2006), the FCC is
required to evaluate the ATV service and to determine whether the abol-
ishment of the assigned analog transmission of NTSC broadcasts can be
ended. It is directed specifically to assess consumer willingness to pur-
chase ATV receivers, alternative uses of ATV frequencies (including
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public safety services), and efforts to reduce the amount of spectrum
assigned to licensees. Every broadcaster will, at that time, have to turn in
one of its frequencies, the channel for DTV, or the channel for analog
National Television System Committee (NTSC) transmissions. The Bal-
anced Budget Act of 1997 opened the possibility of prolonging the transi-
tion period if a number of conditions are met. Among these conditions is
the failure of one or more of the largest television stations to begin broad-
casting DTV signals due to causes outside the control of the broadcasters.
The transition period will also be prolonged if less than 85 % of the televi-
sion households is able to receive DTV signals off the air either with a DTV
set or with an analog set equipped with a converter box or by subscribing
to a cable-type service that carries the DTV stations to the market.

From these last provisions, it can be asserted that the exchangeability
of broadcast spectrum and telecommunications spectrum is becoming a real-
ity. This assessment can also be derived from the fact that the FCC, on
numerous occasions and in different documents, proposes that DTV will
free parts of the broadcast spectrum for public safety as well as valuable
business uses. The FCC is accelerating the successful introduction of DTV
in the United States by rulemaking, enabling most Americans to gain
DTV access by 1999, with a scheduled full U.S. coverage by 2002.

4.2.4 Cable television services

CATV services in the United States are seen as the new motor behind the
electronic highway developments. CATV operators are expected to initi-
ate a renewal of the local and regional markets.® Under the enactment of
the new bill, CATV operators are no longer excluded from providing tele-
phone services to their clients, and the telephone companies are no
longer told to keep away from the “video market.” Thus, at the heart of
these provisions, the elimination of the ban on telephone companies
offering video services and the deregulation of cable rates can be found.
The first goal is consistent with the bill’s central purpose of fostering com-
petition by removing barriers between what are now distinct industries.
The easing of cable rate regulations is viewed as necessary to spur CATV

6. In 1996, the number of homes passed by cable grew to 96 percent of all television
households in the United States, and as of 30 June 1996, 64.6 percent of all homes passed
received basic cable service (roughly 62 million homes). See [12, 13].
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competition with the BOCs. The CATV industry asserts that it will have to
make expensive upgrades in cable systems to offer telephone services and
that the price controls discourage banks and Wall Street from providing
the necessary financial means.

Two revisions in Title VI, which regulates the provision of video pro-
gramming in a competitive environment, attempt to provide for a level
playing field between new entrants and traditional cable operators in the
video delivery marketplace. The revisions entail the following:

» Amending certain aspects of the current regulatory structure for
traditional cable operators by easing the regulatory burdens of the
1992 Cable Act, thus allowing cable operators to respond more
effectively to the introduction of new competition;

D Establishing a regime of regulation for video dial tone and other
common carriers of open video systems.

While the legislation modifies or even eliminates several cable televi-
sion rate provisions of the 1992 Cable Act, it does not completely overturn
the current regime of rate oversight and regulatory control. For example,
the legislation abolishes the cable programming service (CPS) rate regula-
tion, while keeping intact rate regulation of the basic tier. Small cable
operators (defined as those serving less than 1% of all U.S. subscribers
and not affiliated with an entity whose gross annual revenues exceed
$250 million) in franchise areas of 50,000 or less subscribers are immedi-
ately exempt from CPS rate regulation, as well as basic tier regulation if
the basic tier was the only tier regulated as of December 31, 1994. The
“effective competition” definition is broadened to include cable operators
subject to competition from comparable LEC (or affiliated) video pro-
gramming services. Operators that demonstrate “effective competition”
are exempt from CPS and basic tier rate regulation. Uniform rate require-
ments do not apply to systems subject to effective competition, per-
channel, or PPV offerings, or bulk discounts to multiple dwelling units.
Subscriber notice of service or rate changes may be provided by any rea-
sonable, written means. No notice to subscribers is required if the service
or rate change is the result of a change in a federal, state, or local fee. Cable
program access requirements are applied to video programmers in which
common carriers and their affiliates have an attributable interest. Com-
mercial must-carry markets are to be based on viewing patterns. The FCC
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must decide within 120 days on petitions to modify a commercial broad-
caster’s market designation.

Finally, the legislation opens the way for cable operators to enter the
local exchange market. The legislation pre-empts local laws that require
the cable operator to obtain a franchise before offering telecommunica-
tions services. In addition, the legislation generally pre-empts local or
state laws that are intended to impede or restrict a cable operator’s provi-
sion of telecommunications services.

4.2.5 Video programming regulations

Interesting from a European point of view are the rules called video pro-
gramming regulations, which are, in reality, provisions that ensure com-
patible CA obligations. The legislation requires the FCC to promulgate
rules to ensure the availability of consumer video programming access
equipment. FCC (American) regulations are to provide for the commer-
cial availability of subscriber equipment (converter boxes, interactive
communications equipment, and set-top boxes) that subscribers may use
to access video programming services. These regulations are intended to
permit subscribers to have more choices in access equipment and to pre-
vent program distributors, such as cable operators or distributors of open
video systems, from forcing subscribers to use only the distributor’s access
equipment. Video programming distributors are not prohibited from
charging subscribers for the use of their subscriber equipment, but the
charges are to be separately stated and are not to be subsidized from other
services. In Europe the same type of unbundling obligations can be found
in the open network provision (ONP) regulations of the European Union.
The Telecommunications Act directs the FCC to abandon these regula-
tions when the FCC determines that the video services market and the
access equipment market are fully competitive. Refer to Chapter 6 for a
further explaination of the ONP regulations.

4.2.6 Practice of forbearance

The FCC’s practice of forbearance, which had a long-standing legal tradi-
tion, was ruled unlawful by the U.S. Supreme Court in 1994.” Under this

7. Abandonment of tariff filing requirement exceeds the FCC’s limited authority to “modify”
requirements of the Communications Act. See [14].
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practice, the FCC forebears from applying a statutory provision or regula-
tion to a carrier or a service if the FCC determines that enforcement is not
necessary to protect the market or consumers. This forbearance needs to
be consistent with the public interest. A principal new element in this bill
is that, in unambiguous terms, it grants forbearance authority to the FCC.
Under certain conditions and circumstances, the FCC is even obliged to
forebear. This forbearance authority is designed to end unnecessary regu-
lation during the shift from monopoly markets to a competitive environ-
ment. In addition, the title requires the FCC to conduct a biannual review
of its regulations and eliminate any unnecessary regulations or unneces-
sary agency functions.

4.2.7 Future developments

Whether or not the U.S. Telecommunications Act will actually bring
the benefits of competition to U.S. consumers remains to be seen.
Warren J. Sirota gave an extremely grim forecast on what the new bill
might bring to the consumer market:

So here is what we, as consumers, are likely to see over the next several
years:

D Cable TV rates will rise.
D Local telephone rates will go down for business customers.

D Local telephone rates for consumers will stay the same or rise.

There will be consolidation among the large players in their traditional
segments. Beyond that, the crystal ball is clouded by Congress’ lack of
vision and obfuscation of the important issues. The bottom line is that
real competition and new innovative services will not arrive for many
years. When they do, very large carriers will be the only service provid-
ers. Innovative services and price competition in the consumer segment
will first occur in the markets that are upper and middle class on the
socioeconomic scale. Universal service will become the lowest common
denominator, the lifeline, for communications service. And by the year
2000, the Decency Act will be forgotten [15].
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A less grim, but nevertheless critical view on the develop-
ments “unleashed” by the new telecommunications act is given by
John V. Pavlik:®

Although not the sole catalyst for the coming transformation of
programming, the Telecommunications Act of 1996 has unleashed the
forces making it possible. The public interest will be served, but as a
secondary by-product of the forces of the commercial marketplace. The
over-arching question to be decided by the harsh realities of media life
will be whether the ideal of competition in a deregulated environment
is really the final answer. Already, the accelerating drive to build giant
corporate alliances and mergers points to the need for continuing
monitoring of the media market place. There may well be an
intensification, rather than a lessening, of governmental efforts to
head off [a] monopoly and its market consequences.

The 1996 act removes the legal barriers prohibiting communications
companies from providing video services. As a consequence, typical
telecommunications companies will enter the programming business.
Although they have the finances, know how to handle research, and
have a substantial market reach, they do not possess the necessary tradi-
tion, infrastructure, and culture to create quality video programs. On the
other hand, the typical television networks do not have a great tradition
in producing interactive programs and using transmission media other
than the terrestrial broadcasting infrastructure. Representatives of these
industries will therefore look to each other to build (strategic) alliances.
Both industries will mount major efforts to develop interactive program-
ming; only under these circumstances will they be able to compete in the
new digital millennium.

8. Pavlik [5] is the executive director of the center for new media at the Columbia
University Graduate School of Journalism.
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4.3 The grand alliance
high definition television
system

The GA HDTV system is composed of the best features of all of the original
four digital systems. In the November 15,1996, HDTV Newsletter writer
Dale Cripps gave an interesting account of the different positions of the
parties involved, which is still a very readable account of the standardiza-
tion issues at stake at that time [16]. The GA HDTV system is a layered
digital system architecture with header/descriptors designed to create
outstanding interoperability among a wide variety of consumer electron-
ics, telecommunications, and computing equipment. Interfacing with
other digital systems, thus creating a real ICT environment, is one of the
key advantages of the new ATV standards.
The four layers of the GA-HDTV system are the following:

1. The picture layer, which provides multiple picture formats and
frame rates;

2. The compression (video and audio) layer, which uses MPEG-2
video compression and Dolby AC-3 audio compression;

3. The transport layer, a packet format based on MPEG-2 transport
that provides the flexibility to deliver a wide variety of picture,
sound, and data services;

4. The transmission layer, a vestigial sideband signal that delivers a
net data rate of over 19 Mbps in the 6-MHz simulcast channel.

The GA HDTV system provides for multiple formats and frame rates,
all of which can be decoded by any GA HDTV receiver. Progressive scan
formats are provided at both video and film frame rates, in addition to an
interlaced format. The system includes two main source format varia-
tions, with a different number of lines per frame. These two formats have
720 active lines and 1,080 active lines per frame respectively. For interfac-
ing with the GA HDTV encoder, the 720-line format uses 1,280 active
samples per line, while the 1,080-line format uses 1,920 active samples
perline. These choices yield square pixels for all formats for interoperabil-
ity with computer display systems and graphics generation systems. For
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interfacing with the GA HDTV prototype encoder, the 720-line format is
progressively scanned with a 60-Hz (nominal) frame rate, while the
1,080-line format is interlaced 2:1 with a 60-Hz nominal field rate. The
encoder input accepts 787.5 total lines per frame and 1,125 total lines per
frame for the two interlaced formats.

For compression and transmission, the frame rate for the 720-line
format and for the 1,080-line format can be 60 Hz, 30 Hz, or 24 Hz. To
retain compatibility with NTSC, the same formats are also supported with
the NTSC numbers of 59.94 Hz, 29.97 Hz, and 23.98 Hz. The 60-Hz and
59.94-Hz variations for the 1,080-line format are encoded as interlaced
scanned images, while the other formats are encoded as progressively
scanned (see Sections 4.2.1, 4.2.3, and 4.2.7 for a description of the dis-
cussions between the broadcasting and computer industry). In addi-
tion, the GA has agreed to develop a “migration path” to a 1,080-line,
60-frame/s (FPS) progressive scan system—one that would realize this
objective as soon as technically feasible. This decision by the GA would
help the group reach its ultimate goal for the GA HDTV system to be a line
progressive scanning system of more than 1,000 lines, with square pixels,
that would promote interoperability between the new video standard
and the other imaging formats, including computers. To understand the
difference between interlace and progressive scanning, see Figure 4.1.

The HDTV signals will be broadcast primarily via the unused UHF
channels and the NTSC taboo channels in a simulcast mode. The spatial
resolution of the picture will be at least twice that of NTSC horizontally
and vertically without exhibiting the interlace artifacts and poor chromi-
nance fidelity associated with NTSC. The introduction of HDTV would
ultimately mean the luxury of free home delivery of digitally clean pic-
tures of a quality approaching that of 35-mm movies accompanied by CD
quality surround-sound. These pictures will be presented in a panoramic
horizontal-to-vertical aspect ratio of 16:9 as in the movies on the new
HDTV receivers.

Before the resolution of the main controversies—the most important
one being the choice between progressive or interlaced scanning—FCC
chairman Hundt told a Warren Publishing gathering in New York in
October 1996:

Digital is needed to create a public good of free digital programs,
consisting of sports, entertainment, news, free time for political



64 Digital Video Broadcasting: Technology, Standards, and Regulations

@ ®)

Figure 4.1 (a) Interlaced and (b) progressive scanning.

debate between presidential candidates and local candidates, educa-
tional shows for kids, public service announcements, and anything else
within reason that the public interest demands from the licensees of the
airwaves, the public’s property.” He concluded ominously, “If digital TV
doesn’t do that, then we might as well just auction the spectrum for any
use, subject to interference taboos, and let that be our easy answer to
the tricky spectrum allocation issues posed by digital TV [16].

The success of the television industry is almost entirely due to a well-
defined single mandated NTSC (PAL/SECAM) standard. Broadcasters
and manufacturers contend that the adoption of a well-defined standard
is absolutely essential if the digital era is to be anywhere near as successtul
as the analog one. Consumer Electronics Manufacturers Association said
that a standard allows the following:

D A national market for television receivers;

D Price efficiencies on receiving and production equipment for both
consumers and service providers;
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» Plug-and-play capability as consumers move from one locale to
another in the United States;

D “Universal service” in video delivery of entertainment, news, and
emergency information across the country;

» Compatibility with traditional video reception and recording equip-
ment as well as computers and computer displays.

By mid 1996 it became clear that the computer industry was late
entering the DTV standardization process. One might even say that the
industry hardly existed at the beginning of the ATSC process in 1987. In
fact, the computer industry claimed that it was completely shut out and
that an old-fashioned television model prevailed in the standard.

In 1996, it had also became clear that the computer was going to be
the all-purpose communications device, and the computer industry
therefore wanted to have the easiest possible interface to the most widely
distributed pipeline of transmitted digital data. That pipeline was going to
be the new digital broadcast standard. However, the computer industry
was concerned that the ATSC standard incorporated an outmoded tech-
nology unsuitable for the future of computer-centric telecommunica-
tions. The computer industry argued that the inclusion of interlace
scanning in the standard indicated a strategic disregard for the future that
television would share with the computer. Broadcasters, on the other
hand, argued that computer-friendly measures were included and
pointed to the 720-line progressive scan and 1,080 lines at 24-, 25-, 30-
MHz progressive scan formats. Computer industry antagonists held that
any inclusion of interlace would perpetuate interlace displays, but broad-
casters countered that the inclusion of interlace scanning is important to
their live broadcast business, something the computer industry was still
not capable of providing.

Broadcasters further argued that their film- and computer-generated
programming is all in progressive scan format, which is also in the stan-
dard. However, they said that it was meaningless to argue the point,
since any of the signal parameters are permanently decoupled from the
requirements of the display. Progressive scanning can be converted
readily to interlaced scanning for the display with nothing more than a
low-cost chip in the receiver, and manufacturers will always need to sell
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low-cost receivers that use interlace display even if there is never another
interlace signal transmitted in the world.

The hastily agreed standard allowed for all of the 18 interlaced
scanning plus many more different formats, both progressive and inter-
laced [17].

4.4 Summary and
conclusions

DTV is arriving. Spring 1998 saw the first terrestrial digital broadcasts in
the United States. At the January 1998 Consumer Electronics Show in
Las Vegas, a number of new DTV receivers were shown to the public.

At the start, these HDTV digital receivers will be expensive, approxi-
mately $5,000. However, as is common with electronics equipment,
when the market really gains momentum, prices will decrease rapidly.
Old NTSC receivers with an additional “set-top” box (approximately
$300-$400) will be able to get some of the digital advantages on their (old
analog) receivers. A much better audio and video quality will be the result
and, as is usual with digital (transmission) technology, the viewer will
either receive an image or no image at all. Compare this to the old analog
technology where an image full of “snow” and “ghosts” would still be dis-
played. The real renewal is not in the displayed image, although notably
in the United States it will improve spectacularly when HDTV receivers
are installed and watched. The main renewal and its market effects will
make the DTV a real “electronic highway” apparatus, a dominant and,
eventually, a fully equipped access machine for the information super-
highway. This new DTV receiver will be to the couch potatoes what the
computer is to the computer whiz kids: the machine for access to the digi-
tal superhighway in the next millennium.
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5.1 Introduction

Developing a new television technology for
deployment in society at large necessitates
the involvement of a large number of partici-
pants, from government to industries and
from broadcasting entities to telecommunica-
tions operators. Japan is no exception to this
rule. However, there is a significant difference
in the way such a research and develop-
ment path is being forged within the policy,
legal, economic, and technological context of
Japan, compared with its evolution in other
economic regions in the world such as the
United States or the European Union.

Accordingly, before dealing with the
history of developing HDTV in Japan, it is
necessary to describe the environment in
which these types of technological advances
take place within the Japanese context.
Section 5.2 presents a general description of
Japanese policy and the Japanese legal frame-
work used for such developments.
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5.2 General policy and
regulatory framework

In general, it is difficult for foreigners to understand Japanese law and
policy making, including the policy making for, and legal development of,
information and communications technologies. Meanwhile, the conver-
gence of formerly different technologies, industries, and, consequently,
markets affects the Japanese legal and policy-making process, mainly by
creating an even more centralized policy development within the Minis-
try of Post and Telecommunications (MPT). Let us now examine the
establishment of broadcast television in Japan and how the “system” (the
parties involved) reacted to the new technological device known as the
television set.

After World War II, the re-establishment of the Japanese broadcast-
ing system occurred in 1950 under the guidance of the allied powers.
Radio broadcasting was resumed by the public broadcasting system
(NHK) and private-sector broadcasting stations. Three years later, NHK
and Nippon Television Network (NTV) began broadcasting to the general
public. The birth of the Japanese broadcasting system, established under
the guidance of the allied powers, is exemplary of the way in which Japa-
nese society makes policy and incorporates new (technological)
developments.

Before 1985, when a more liberalized environment was created,
Japan’s telecommunication system was in the sole hands of the Nippon
Telegraph and Telephone Public Corporation (NTT). However, since govern-
ment regulations prevented NTT from functioning in the television
broadcasting industry, television networks and NTT peacefully shared
their responsibilities and refrained from interfering with each other’s
domain. NTT was satisfied merely collecting fees for the use of its telecom-
munications capacity which the television stations relied on for their
nationwide broadcasting.

Newspapers and the press in general in Japan were not quick to
respond to the emergence of television. At first, they failed to imagine that
television would grow to be just as influential as newspapers. In addition,
they looked upon television as simply a technological novelty. In the sec-
ond half of the 1950s, this attitude changed, and newspapers started to
consider the relationship between themselves and television. At almost
the same time, the MPT devised a plan to affiliate private broadcasting
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stations with Japan’s five major newspaper firms, and the latter agreed to
carry out the plan.’

In Japan, television technology was—f{rom the very outset—seen as
an extension of the radio. Television broadcasting and programming was
transplanted from Western society and diffused under strict government
control. Moreover, HDTV, popularly known as Hi-Vision, was developed
solely by experts without any evaluation by ordinary people and without
input from amateur engineers. As is normal in Japanese technological
development, a number of leading Japanese technology companies,
under the guidance of the Japanese government, joined financial and
expert forces for developing a top-of-the-line television technology.
Again, this was done without taking “outside” developments into serious
consideration (see Section 5.3 for more on this subject). The result was
that Japan’s HDTV technology failed to ride the wave of digitalization that
was sweeping the world.

In general, Japanese law—in the eyes of a continental European law-
yer—is open to many possible interpretations, and this makes it difficult
to apply the law from a Western viewpoint. In a more general context,
Yoshimura and Anderson depicted this behavior as follows:

Western intellectual traditions predispose those raised within them to
look for the center of a culture, a paradigm that characterizes the cul-
ture’s world view. Japanese culture, however, has no system of logical
principles that creates the Japanese outlook on life. Japanese culture is
more like a network. It has no center, and outcome stems from the
interaction of a loose web of elements. Consequently, one can’t reduce
the “rules of Japanese behavior” to a coherent, compact analytical
framework. There isn’t simply a cookbook or a flowchart one can use
to understand the salaryman’s actions as the product of a series of “if-
then” rules [1].

Van Wolferen concluded of the Japanese legal system that the general
attitude, which stems directly from a more authoritarian government, is
that contemporary institutional rulings do not encourage the (ordinary)
Japanese to seek justice through the legal system. In his words,

1. These newspapers were Asahi, Mainichi, Yomiuri, Nikkei, and Sankei.
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...after detailed analysis of the contemporary legal practice one has
to conclude that the law is being placed outside the “system” on
purpose [2].

Thus, it seems that there is no real use in trying to discern the role
Japanese law plays in the making of new technologies. It is more interest-
ing to determine how Japanese policy making is influenced by techno-
logical progress. Again, it is useful to refer to Yoshimura and Anderson,
who contend that it is cooperation that serves to curb “matching”
competition. Cooperation and competition is predictably intertwined in
Japanese business. According to Yoshimura and Anderson, four key ideas
define this concept:

1. Competition centers on preserving market share, not on seeking
profitability, and on avoiding loss rather than seeking gain;

2. Rivalry is driven by yokonarabi, the pressure to match competitors

move for move;

3. Cooperation arises because fierce rivalry must be curbed by third

parties;

4. Forbearance, not mutual aid, is the basis for Japanese coopera-
tion [3].

Itisin the last two points that the role of a third party, either a cartel or
a Japanese ministry (usually the Ministry of International Trade and Industry
(MITI)), comes in. In Japanese business competition, status quo is the
name of the game. The Japanese companies’ intention is not to win the
market share from a competitor but to prevent another company from
losing market share. Such a system is referred to as matching competition.
“The only way to excel is to do the same things as others, in a slightly bet-
ter way”[3 at 118]. In cases in which there is excessive competition, all
competitors involved will wait for a third party to step in and try to work
out a form of cooperation that will be acceptable to all parties. Yoshimura
and Anderson point out that the model in which parties cooperate and
accept arbitrage strongly depends on the context. Even bitter rivals will
work together to (re-)establish “peace” in the market or between compet-
ing firms:
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A company’s relationship to other firms depends on the situation, so
treating yesterday’s rivals as tomorrow’s partners is perfectly accept-
able. The simultaneous prevalence of brutal competition and extensive
cooperation in Japanese businesses does not reflect any uniquely Japa-
nese emphasis on teamwork and getting along. The Japanese empha-
size conformity and have developed a model for dealing with the
predictable consequences of conformity [4].

It is probable that this is one of the major reasons why Japanese min-
istries play such a dominant role not only in (informally) settling market
disputes but also in directing technology-driven innovations.

In Western organizations, effective managers usually strive to attain
specific positions in the organizational structure that lets them get work
done through the structure. In contrast, the way to get things done in a
kaisha is to establish an appropriate process and atmosphere for gaining
cooperation [4 at 180].

5.2.1 Regulatory environment’

The telecommunications and broadcasting industry in Japan is regulated
by a number of laws: Telecommunications is governed by the Telecom-
munications Business Law (Law no. 86 of 1984, as amended); NTT,
the domestic telecommunications company, and Kokusai Denshin Denwa
(KDD), the international telecommunications carrier, are regulated by a
special law, the NTT Law (Law no. 85 of 1984, asamended); the Broadcast
Law (Lawno. 132 0f 1950, as amended) regulates the broadcasting indus-
try; and, of course, the Cable Television Broadcast Law (Law no. 114
of 1992, as amended) and the Radio Law (Law no. 131 of 1950, as
amended), also play important roles. The MPT is the regulating ministry.
In addition to these laws, the so-called administrative guidance procedure
plays a very important role in the aforementioned industries.

The concept of administrative guidance is somewhat strange to either
American or European trained lawyers. Within the latter jurisdictions, it
is common practice to consult governmental bureaucrats to interpret cer-
tain rules and to ask what standpoint they would take in certain matters.
In the end, nevertheless, decisions are usually left to courts of law. As

2. Most data and information in this paragraph is sourced from [5].



14 Digital Video Broadcasting: Technology, Standards, and Regulations

Geist points out, “[IJn Japan, however, the role played by bureaucrats,
particularly at the Ministry of Finance and MITI, cannot be overstated,
since laws in Japan are generally broadly drafted with their specific intent
left open to interpretation”[5]. Similarly, another writer says, “...infor-
mal enforcement is not a process of governing, but has become t/e process
of governing. It is used to implement nearly all bureaucratic policy,
whether or not expressed in statute or regulation, at all levels of govern-
ment and all administrative offices” [6].

As Geist indicates, administrative guidance is presented in three dif-
ferent forms:

1. Nonbinding recommendations from ministry officials that are author-
ized by statute;

2. Informal guidance from ministry officials where statutory authority
provides for formal action to achieve similar regulatory goals;

3. Informal guidance based on Ministry’s subject-matter competence.

In addition, administrative guidance can be issued at two different
levels:

1. The individual level, where a specific party may be asked to actin a
certain manner, such as refraining from executing a transaction;

2. The industry level, where all firms within an industry are asked to
act in a certain manner, such as the limiting of production of a certain
product [5].

The reform of 1985 established a new regime for the telecommunica-
tion industry in Japan. The Telecommunications Business Law (TBL), which
isadministered by the MPT, divides telecommunications services into type
I carriers, a prohibited industry, and type II carriers, a discriminatory indus-
try. Type I carriers include those carriers providing telecommunications
services through a telecommunications network, such as the installation
of transmission lines, satellites, fiber optics, microwave, or value-added net-
works (VANs). Type I carriers are required to obtain the MPT’s permission
to operate, and such permission is not granted to firms whose foreign
ownership exceeds 33 percent. Type II carriers can be further divided into
two categories—general and specific carriers. General carriers are defined
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as all telecommunications businesses not otherwise covered by the type I
or type Il special carrier regulations. General carriers usually provide tele-
communications services to individual companies or groups of companies
and require only a notification to the MPT describing the types of services
to be provided. The regulations covering special carriers are somewhat
more complex. Special carriers are defined as those firms whose telecom-
munications services exceed a certain capacity or those that provide inter-
national telecommunications services. Under the TBL, special carriers are
required to register with the MPT and provide the ministry with basic
information such as a business plan and an outline of the services to be
provided. The MPT is entitled to refuse registration should the applicant
have previously violated TBL provisions or if the applicant does “not have
an adequate financial basis and technical capability to properly perform
the telecommunications business.”’

Three main aspects changed the Japanese regime in 1985. The first
change was that from 1985 onward MPT seized power and became the
most important player in the sector. MPT became the regulator; in effect,
this meant the following:

» Control over the budget and personnel shifted from the Diet (i.e.,
Japanese Parliament) to NTT with MPT supervision;

D Responsibility for price and service regulation shifted from the Diet
to the MPT;

D Responsibility for technical regulation shifted from NTT to the MPT.

Second, MPT has achieved in gaining more control over telecommu-
nications R&D and, therefore, became the responsible agency (ministry)
for industrial policy in this industry (e.g., MPT announced in June 1995
plans to start financing infrastructure by making cheap loans available to
telecommunications and cable television operators).

Third, MPT adopted a more active approach toward managing com-
petition in telecommunications services. This meant that MPT would
conduct lengthy negotiations and demand enormous amounts of data
before it would allow NTT to start new services or implement new (lower)
tariffs. The ministry generally favored new companies over NTT. This, for

3. For further details on the development and provisions of the telecommunications law, see
[7, 8].
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Japan’s somewhat unusual active approach violated in itself the spirit of
“deregulation,” but it did not slow new competitive entrants. As of 1997,
127 type I'and 3326 type II carriers (value-added network (VAN) service
providers) had entered the market (see Figure 5.1). The new competitors
had about one percent of the local telephone market, 40 percent of the
long-distance trade, 35 percent of the international business, and 50 per-
cent of mobile telephony.

MPT has guarded its overall control and leadership of the telecom-
munications sector (i.e., at the end of 1993, it shifted from restricting the
cable television market to promoting it, announcing that it would allow
cable companies to cover more than one geographical zone and to offer
telecommunications services including telephony). In April 1994, MPT
unveiled a plan to encourage cable operators to interconnect with other
cable operators so that their area of coverage extended [9]. The Telecom-
munications Council reported on “Basic Rules for Interconnection” to the
MPT minister in December 1996; as a result, a bill of amendments to the
TBL was passed by the Diet in June 1997 and enacted in November 1997.
Under that bill, type I carriers that own designated facilities (fixed local
loop facilities in excess of 50% of the total number of subscriber lines at
prefecture levels and intraprefecture telecommunications facilities
installed as one system with those local loop facilities) must meet the fol-
lowing obligations:

» Introduction of an interconnection tariff system including inter-
connection charges and technical requirements;

D Preparation and disclosure of accounting reports concerning
interconnection;
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Figure 5.1 New entrants to the telecommunications industry.
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D Preparation and disclosure of plans to revise or expand facility
features or functions.

These changes to TBL were the first results of a more general policy
approach toward the challenges posed by the coming of the information
society. MPT stopped dealing exclusively with the telecommunications
and broadcasting sector in 1994, because the 1985 liberalization did not
have the intended result, and MPT’s policy and regulatory scope were too
limited. In May 1994, MPT through its Telecommunications Council
issued a study called: “Reforms Toward the Intellectually Creative Society
of the 21st century, Program for the Establishment of High-Performance
Info-Communications Infrastructure.” The ministry itself followed suit in
January 1996 with the “Deregulation Package of Telecommunications
and Broadcasting for the Second Reform of the Info-Communications
System in Japan,” revised in March 1996.

It became clear from the results of various studies and deregulation
packages that Japan had to deal not only with telecommunications and
broadcasting regulations but also with those in the area of educa-
tion, health care, commercial transactions, and governmental activities.
Accordingly, in January 1996 the Japanese government installed the
Working Group on the Review of the Regulatory System under the
Advanced Information and Telecommunications Society Promotion
Headquarters. This working group will issue studies for guidance in
(trans)forming the necessary regulatory environment, so that the Japa-
nese society at large can benefit from all the revolutionary technological
changes made possible by digitalization.

The proposed deregulation package covers a number of important
issues, including the status and market structure for NTT and Kokusai Den-
shin Denwa (KDD). KDD was allowed to enter the domestic Japanese mar-
ket. NTT, meanwhile, is to become a holding company broken up into
three separate companies: one long-distance carrier (an international
company), and two regional companies. The deregulation package also
creates a competitive environment for new businesses and new services
by rapidly implementing interconnection rules for connecting private
leased lines to public ones, publishing the Manual for Market Entry Into
Japanese Telecommunications Business, and introducing a prior-notification
system and a system of standard tariff schemes for pay television and mul-
tichannel satellite broadcasting. In addition, the deregulation package
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establishes conditions for fair and effective competition; promotes the
efficient and effective use of the radio frequency spectrum (i.e., shared
use of frequency bands for both telecommunications as well as broadcast-
ing services), simplifying licensing procedures for terrestrial multiplex
data broadcasting and teletext broadcasting services; informs society of
the security needs of special networks where disaster resistance is avail-
able; and assists consumers and handicapped persons, clarifying the sys-
tem through which consumers can issue complaints regarding tariffs and
services [10].

In arecent article, Vogel stated that although considerable progress has
been made in the liberalization of Japan’s telecommunications and broad-
casting industry, the country still has to go a long way in really creating
open competition supported by a regulatory environment. In his words:

1. Finalize the rules for interconnection between competing carriers
and NTT as quickly as possible, and then move toward a forward-
looking costing methodology. The MPT has already worked out a basic
agreement on interconnection, and plans to work out details by the end
of this year. However, the agreement still relies on NTT’s historic costs
to calculate interconnection charges. Under this agreement, intercon-
nection rates will be very high by international standards. The U.S. gov-
ernment and NTT’s competitors argue that a forward-looking approach
to cost accounting (i.e., estimating the cost of building the NTT network
at current costs rather than historic costs) would promote competition
more effectively.

2. Require NTT to provide interconnection for the full range of services
now standard in Japan—including toll-free dialing, directory services,
etc., as well as basic telephone service—without charging a fee for net-
work modification to offer the “additional” services. Competitors would
be at a considerable disadvantage if they did not offer these services, and
NTT should not be allowed to charge extra interconnection fees for
them.

3. Require NTT to publicize technical specifications for all network
interfaces (switching, signaling, transmission, etc.) so that competitors
can interconnect effectively. In the future, the MPT could help prevent
disputes over technical issues relating to interconnection by increasing
its oversight of the process of developing network interfaces.
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4. Simplity MPT licensing procedures for type I service providers.
Despite incremental improvements, these procedures remain costly
and time-consuming. Although the formal approval requirements are
quite simple, in practice the MPT still demands detailed business and
investment plans before issuing a license.

5. Ease regulations on cable television and DTH satellite services. For
example, the MPT currently requires cable companies to obtain sepa-
rate licenses for each franchise area, and MITI requires cable companies
to power their systems for telephone signals at 60 volts (although cable
companies commonly use 90-volt equipment in other countries). Like-
wise, in the satellite market, the MPT restricts each satellite broadcaster
to 12 channels, regulates transponder lease tariff rates, and limits for-
eign equity participation.

6. Lift the foreign equity restriction in NTT and KDD. As part of its offer
in World Trade Organization (WTO) talks on telecommunications liber-
alization, Japan agreed to lift the foreign equity restriction on all tele-
communications service providers except NTT and KDD. But it still
limits foreign equity participation in NTT and KDD to 20 percent, and
prohibits non-Japanese executives from sitting on the NTT or KDD
boards. Although U.S. firms probably would not seek a large stake in
NTT or KDD at this point anyway, these restrictions should be removed
as a matter of principle [9].

On April 1, 1998, MPT released a three-year program for the promo-
tion of deregulation. Summarizing the proposed actions in the area of
information and telecommunication business, a number of actions were
announced:

D Regulations for the type I telecommunications business: The requirement
for approval of each end user charge change will be abolished and
replaced in principle by a notification system. A price-cap regula-
tion will be applied to end user charges for basic services including
subscribed telephone service in the regional telecommunications
market.

D Regulations on interconnection of networks: The opinions of the inter-
ested parties on the introduction of long-run incremental cost (LRIC)
methodology will be coordinated to decide the handling of LRIC by
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the end of fiscal 1999, based on the results of the interconnection
accounts of fiscal 1998, and other measures will also be taken,
thereby promoting reduction of interconnection rates.

D The status of NTT: The reorganization of NTT will steadily be imple-
mented. While the focus is placed on the progress of implementa-
tion, effective measures will be worked out to realize the substantial
competition resulting from the break-up of the East regional com-
pany and West regional company, depending on necessity.

» Regulations on KDD: The KDD Law will be abolished, and KDD will
undergo complete privatization.

Also, in the broadcasting area, a number of (policy) actions have been
announced:

D Utilization of statistical multiplexing: Statistical multiplexing among
channels operated by program supplying broadcasters using the
same satellite transponder will be utilized within the calendar year
of 1998, with due consideration given to ensure fairness among
program broadcasters and other factors.

D Foreign investment for cable television: As a result of the WTO agree-
ment on telecommunications services all restrictions regarding
prohibition and non-Japanese employees was abolished in Febru-
ary, 1998. The foreign investment limitation (not more than 25%)
however, still exists for KDD and NTT.

D Simplification of the permission procedures of cable television: By elimi-
nating details other than those pertaining to the important matters
related to the business and infrastructure development plans of
applications for permission to build cable television broadcasting
facilities, the permission procedures will be streamlined.

The ministry’s policy is directed by its approach toward the broadcast-
ing and telecommunications business; in its view the convergence of the
industries can no longer be avoided. The ministry, therefore, proposes a
number of actions, listed as follows:

D Utilization of the telecommunication carriers’ optical fiber networks for
cable television: On the premise of ensuring fair and effective
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competition, optical fiber networks of subscriber lines of telecom-
munications carriers will be utilized as CATV transmission lines.

D Radio station licensing and inspection: A study will be conducted on the
utilization of intelligent traffic systems technology on the highway
and on other systems, such as vehicle operations management, to
determine whether the intended frequencies can be used without
causing interference.

This three-year deregulation program again means that MPT has con-
tinued adopting policies for a more competitive market in Japan, and that
foreign entrance should become easier. Meanwhile, however, reciprocity
ininternational trade is precluding a mature and competitive market. The
Japanese market for telecommunications and broadcasting services is still
a pretty closed market, and it remains to be seen whether some of the
already implemented regulatory changes and announced plans of MPT
will really create an open market in which competition is the major
challenge.

Table 5.1 contains a timeline regarding the Japanese telecommunica-
tions regulation reforms of the last decades.*

The first results of lifting the restraints in the Japanese market can be
assessed from the announcement of an increase in cooperation between
different players in the area of telecommunications. For example, over-
seas telecommunications operator KDD and the Japanese long-distance
operator Teleway Japan, a subsidiary of the Japanese car manufacturer
Toyota, have agreed to merge by October 1, 1998. The merger would fol-
low the full privatization of KDD, which the MPT had carried out in the
summer of 1998. It is envisaged that the 20% ceiling on foreign owner-
ship of KDD would be lifted on this occasion. The alliance, which would
mark a further consolidation of the Japanese telecommunications indus-
try triggered by the introduction of competition in the sector early in
1998, would follow a recent $500 million U.S. merger between the pri-
vate domestic and overseas operators Japan Telecom (JTC) and Interna-
tional Telecom Japan (ITJ). The new KDD merger will become fully
operational by January 1, 2000.

The trend toward consolidation aims at reaching a critical mass to face
competition by the leading Japanese domestic operator NTT. The new

4. Updated but also adapted from an appendix of [9].
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Table 5.1
Reform Timeline

Date Event

June 1971 A group of young MPT officials calls for telecommunications liberalization
and the reorganization of NTT

December 1980 The United States and Japan sign the first NTT Procurement Agreement,
whereby NTT procurement should be open, transparent and competitive

July 1982 The Provisional Council on Administrative Reform recommends liberalizing
the telecommunications service market and privatizing and breaking up
NTT

October 1982 The government allows small businesses to set up VANs

October 1984 The government establishes a quasi-independent body for testing
telecommunications equipment

December 1984 The Diet passes major telecommunications reform legislation, introducing
competition in telecommunications services, granting MPT broad
regulatory powers, and privatizing NTT

April 1985 The reform laws go into effect

June 1985 The MPT grants the first five type 1 licenses to three long-distance carriers
and two satellite carriers

July 1986 IT] becomes the first competitor in international telephone service
October 1986 The government sells the first block of NTT shares

February 1987  The MPT grants mobile telephone licenses to two consortia

June 1989 The United States and Japan sign an agreement whereby Japan will ease
regulations and increase opportunities in paging and cellular service
markets

March 1990 The government completes its first five-year review of the reforms,

postponing any decision on breaking up NTT for another five years

March 1994 The United States and Japan reach an agreement on cellular telephones
whereby Nippon Idou Tsushin Corporation (IDO), a service provider using
a North American-type analog system, will expand its facilities to meet
growing demand

January 1996 The MPT announces a deregulation plan that includes setting up a new
framework for interconnection with NTT and easing foreign equity
restrictions

March 1996 The ruling coalition decides to postpone a decision on breaking up NTT,

but agrees to continue deliberations with the aim of reaching a decision by
the first Diet session of 1997

December 1996 The government announces a decision to break up NTT into three
companies—one long-distance carrier and two regional local
carriers—within a holding company structure

December 1996 The Telecommunications Council reported on “Basic Rules for
Interconnection” to the MPT minister, and, as a result, a bill of amendments
to the TBL was passed by the Diet in June 1997 and enacted in November
1997
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Date Event

March 1997 NTT is to become a holding company, broken up into three separate
companies—one long-distance carrier( an international company), and
two regional companies

April 1998 MPT announces a three-year program for the promotion of deregulation

regarding matters related to the information and telecommunications
business

Japanese telecommunication landscape is now set to be dominated by
four players: NTT, KDD-Teleway, JTC, and private long-distance and
mobile operator DDI. A further consolidation of the industry is not
unlikely, particularly in consideration of the fact that NTT so far seems to
be the primary beneficiary of liberalization. Indeed, it is the only operator
that posted a significant profit increase in 1997.

5.2.2 Conditional access and digital
broadcasting

This subsection will give special attention to the issue of CA and the
approach that Japan has taken so far. It is in examining CA alone where
one can witness the convergence of the different industries in practice.
The launch of PerfecTV’ in June 1996 made MPT ask existing and
expected digital DBS service operators to study the possibility of imple-
menting a universal integrated receiver and decoder. At first, JSkyB and
PerfecTV decided to give access to each other’s decoders; later, they
decided to merge their broadcasting activities as of May 1, 1998.° The
move leaves only two rival DBS systems, the second being DTVJ, which is
led by America’s Hughes communications. JSkyB is owned by the U.S.
media giant News Corp. and the Japanese software, television, and elec-
tronics groups Softbank, Fuji TV Network, and Sony. The Japanese trad-
ing houses Mitsui, Itochu, Sumitomo, and Nissho Iwai lead PerfecTV.
Further competitors would include Toei Channel, a DBS service that

5. Owned by Japan Satellite Systems and the trading companies Mitsui, Itochu, Sumitomo,
and Nissho Iwai, PerfecTV! offers 99 television and 106 audio channels.

6. The five main shareholders with an 11.4-percent stake each are the U.S. media giant
News Corp. and Japan'’s Fuji TV Network, Itochu, Softbank, and Sony.
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went on the air in July 1998, and a new service to be launched in 2000 by
Japan’s national broadcaster NHK.

MPT expects that other digital service operators will make their serv-
ice offerings as compatible as possible. DirecTV, for example, is planning
to develop a decoder compatible with the PerfecTV and JSkyB ones.

The privacy issue also concerns the Japanese government. Accord-
ingly, in September 1996, MPT established guidelines on the subscriber’s
personal information in broadcasting for all broadcasting services. The
latter ones include, of course, the digital broadcasting services as well as
those service providers that provide CA services. The Japanese, in imple-
menting these guidelines, followed the 1980 OECD privacy protection
guidelines and therefore set a minimum standard for handling subscrib-
ers’ personal information.

MPT is also preparing plans to introduce terrestrial digital broadcast-
ing in Japan starting in the Tokyo area in the year 2000 and progressively
covering the whole country by 2006. Licenses would be issued to either
program producers or broadcasters.

Meanwhile, a group of Japanese companies have unveiled plans to
establish a joint venture in 1998 to introduce DBS services via portable
receivers, mainly for car use, by 2000. The main backers of the venture,
which would offer about 40 digital radio and television channels, are
Toshiba, Kenwood, Mitsui, JSAT, Tokyo FM Broadcasting, and Nippon
Broadcasting System.

Yet another consortium has been formed in Japan to develop new
technologies in order to give consumers wideband access capabilities in
their premises equipment. To become leaders in this technology, a group
of 20 leading high-technology companies have announced that they
intend to testin Japan in 1998 a technology that allows for the high-speed
transmission of data over wireless personal handyphone system (PHS) cir-
cuits. While PHS currently offers a 32-Kbps transmission speed, the new
technology would increase that to 25-30 Mbps. Involved companies
would include Japanese telecommunication operators NTT, KDD, and
DDI; Japanese electronics groups NEC and Fujitsu; and possibly the U.S.
and European telecommunication manufacturers Motorola and Erics-
son. The Japanese MPT, at an informal meeting (August 1997) during the
Asian Pacific Telecommunication Community (APT) which is comprised of
29 member countries and big corporations such as NTT and KDD, that an
agreement had been reached to work toward common standards for the
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next generation of (wide-band) mobile phones. Work would startin 1998
with the aim of setting Asian standards as global standards recognized by
the International Telecommunication Union (ITU) instead of European- or
United States-led standards.

5.3 History of developing
HDTV

It is only fair to state that the Japanese were the first to start thinking
about what the next generation of television broadcasting should look
like. Already in 1964, Japanese broadcaster NHK began its first research
devoted to improve the “poor” quality of the NTSC television broadcast.
NHK engineers were not happy with the broadcast quality of the 1964
coverage of the Tokyo Olympic Games and launched research activities
on next-generation television technologies. However, NHK was not
legally allowed to engage in producing television sets. Therefore, in 1970,
it formed a coalition of manufacturers to engage additional research capa-
bilities and to have a platform that would really produce the needed appa-
ratus in case the research proved viable.

During the mid 1980s another group investigated the possibilities of
enhancing image quality regarding the then available television sets. This
group, Broadcasting Technology Association (BTA), developed the extended-
definition television (EDTV), sometimes also referred to as Clear Vision. This
system gave a 60% enhanced horizontal resolution and a 30-60%
improved vertical resolution; furthermore, the EDTV was completely
compatible with the NTSC standard.

The BTA was developing EDTV with an association of 12 broadcasters
(including NHK) and 14 television makers (including Philips Japan).
EDTV aimed at realizing all necessary compatibilities, which is under-
standable considering the commercial nature of the parties involved. In
the opinion of the aforementioned parties, the development of a new
television system that was incompatible with earlier generations was not
a viable commercial option. EDTV did not have a real impact on HDTV
developments, except for the fact that involved parties met and knew in
some detail each other’s directions.

As a result of all these efforts, 1984 saw the presentation and agree-
ment of all parties involved in completing a set of new standards for the
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first HDTV, called Hi-Vision. At that time, Hi-Vision was also technologi-
cally ready to be produced. Without software (i.e., films), however, anew
technology in itself is not enough. Accordingly, NHK attempted to win
American broadcasting and film industry’s approval of the Hi-Vision stan-
dard. In negotiations with representatives of these industries, anumber of
parameters that came with the Hi-Vision system (i.e., 1,125 scanning
lines, 59.94 fields per second for interlaced displays and a 5:3 aspect ratio)
were changed (to 60 fields per second and an aspect ratio of 16:9). In ret-
rospect, it seems that this result from the negotiations between the indus-
try representatives came back to haunt NHK, because the modifications
were seen as an effort to make Hi-Vision completely incompatible with
NTSC and PAL/SECAM standards [11].

Japan’s aim regarding HDTV has always been to set a new world stan-
dard that would put an end to the incompatible analog standards (i.e.,
PAL, SECAM ,and NTSC). As a consequence, the Hi-Vision standard was
(completely) incompatible with all these systems. From an industrial
viewpoint, this Japanese approach can well be understood. It is, however,
a bit naive to assume that two other major economic regions (i.e., Europe
and the United States) would adopt such a standard without their own
industry being involved in the technological development of the system.
Nevertheless, there was a small period in time where it appeared possible
that Europe would consider implementing the Hi-Vision standard. This
was the result of NHK efforts to promise a cheap converter ($100) from
HiVision toward PAL.

The real “proot” for the Japanese system came in the CCIR Dubrovnik
meeting of May 1986 where the compromise between Japan, Canada,
and the United States was presented and the parties involved were con-
vinced that the Japanese HDTV standard would become a world ITU
(CCIR) standard. To the surprise of a number of parties, not in the least
the Japanese, the European countries voted against the proposal. The
Japanese were disappointed and angry. They had expected a more gener-
ous “welcome” for their system, because as part of their policy they had
promised free access to the NHK HDTV patents, and they had continu-
ously informed all interested parties in the making of the HDTV standard
proposal.

The disappointment over the Dubrovnik meeting was no reason for
Japan to stop striving toward a strong local HDTV market. As a matter of
fact, most new products have always relied on a strong Japanese home
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market. Accordingly, the next move of the Japanese government con-
cerning the Hi-Vision developments was to be expected. July 15, 1988,
saw the establishment of the High-Vision Promotion Center (HVC), a public
service corporation approved by the MITIL Its goal was formulated in a
leaflet of HVC:

The Center promotes the utilization of Hi-Vision through the extrac-
tion, verification, investigation, research and analysis of problems exist-
ing in the public service including museums, medicine and education,
and industrial areas including theaters and amusements. This is being
implemented through close communication and cooperation between
Hi-Vision users and the hardware/software manufacturers.

The MPT nominated 14 “Hi-Vision Model Cities,” which received
financial support for promoting Hi-Vision. Research was then conducted
to determine how users would react and how popular HDTV hardware
and software would become in these cities. Apart from MPT’s “Cities” ini-
tiative, the MITI developed a Hi-Vision Community Concept under
which regions were selected to become Hi-Vision communities and then
granted financial support to promote the development of diverse Hi-
Vision applications. These areas were also able to lease HDTV equipment
inexpensively.

Atthe end of the 1980s, a number of different new (digital) television
technologies and accompanying standards were being researched and/or
implemented. Table 5.2 presents an overview of the situation by 1989.

5.3.1 MUSE

To enable the transmission of a Hi-Vision signal, 20 MHz was needed.
Compared to the old NTSC system approximately five times more infor-
mation was incorporated into the Hi-Vision signal (NTSC used 4.2 MHz).
In Japan, the terrestrial frequencies assigned for television transmission
was a maximum of 6 MHz. This property meant that terrestrial television
broadcasting could not be realized and that satellite transmission was
needed for Hi-Vision broadcasts. This again meant trouble for Japan,
because the number of available channels in the allotted frequencies for
DBS was only eight and the bandwidth of these DBS satellite frequencies
was comparable to the terrestrial bandwidths. Compression techniques



Table 5.2

Overview of Different Television System Standards (Under Development) in 1989

Sampling

Name of Scanning Active Scanning Aspect Bandwidth per Active
Standard Country Lines Lines Frequency Method Ratio (MHz) Line
NHK Japan 1,125 1,035 60 2:1 16:9 30 1,920
EU95 Europe 1,250 1,152 50 1:1 16:9 60 1,920
HD-NTSC United States 1,050 — 59.94 11 16:9 6 +6/3 —
HD-MAC60 United States 1,050 — 59.94 11 16:9 9.5 —
MUSE Japan 1,125 — 60 2:1 16:9 8.1 —
HD-MAC Europe 1,250 — 50 2:1 16:9 12 —
D-MAC Europe 625 — 50 2:1 4:3 12 —
D2-MAC Europe 625 — 50 2:1 4:3 9 —
PAL W. Europe-France 625 — 50 2:1 4:3 5 —

and E. Europe
SECAM France andE. 625 — 50 2:1 4:3 5 —

Europe
NTSC United States 525 — 59.94 2:1 4:3 45 —
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were needed to bring about a solution. In January 1984, NHK announced
MUSE, which enabled the compression of an originally 20-MHz channel
to approximately 8 MHz. This compression allowed Hi-Vision transmis-
sion over a single (27-MHz or 24-MHz bands) DBS channel.

MUSE is looked upon as a compression technique, but the original
image is divided into four parts (together forming one image) that are
transmitted consecutively, and the MUSE decoder in the receiver recon-
structs the image by putting the original image together again. The MUSE
technique is depicted in Figure 5.2.

5.3.2 Wide-screen market
developments

In 1996, the Japanese wide-screen market reached a production of
2.8 million sets, controlling about 28% of the television set market. The
total production of color television sets in the same year was about
10 million sets.

DBS

Picture element
H ‘ ‘ ||

H ! -
Decom-
position || | | [
Frame Picture
composition reconstruction
Transmitting Field subsampling Receiver
(20MHz) —___ (8MHz) — (20 MHz)

Figure 5.2 MUSE compression technique.
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There are three types of wide-screen television sets: First, there is
HDTV, which has 1,125 horizontal lines of resolution and is designed to
receive NHK analog signals. 1996 saw the sale of about 190,000 HDTV
sets, and a total of approximately 420,000 sets have been shipped since its
introduction in 1991, at a set price (1997) of approximately $40,000. In
the beginning, this was a very expensive television set indeed. In mid
1997, this type of wide-screen set (32-inch) could be purchased for about
$3,000.

Second, there is the wide-screen referred to as MUSE decoder
NTSC-HDTV (MN-HDTV), which provides 525 horizontal resolution lines
and is capable of displaying “real” HDTV programs. The number of
shipped MN-HDTV sets reached approximately 580,000 (figure from
August 1997). Its set price is approximately $5,000.

Third, there is the extended-length television, which cannot
receive HDTV signals but stretches the 4:3 aspect ratio into 16:9, with
525 horizontal resolution lines. In 1993, typical extended-length set
prices were about $3,500; by mid-august 1997, this had fallen to $1,500.
The accumulated number of shipped sets was about 8 million by mid
1997, but shipment figures of 1996 were higher than the 1997 figures.
Thus, it seems that consumers are less satisfied with this type of wide-
screen.

In 1997, about 30% market penetration (approximately 13 million
households) for analog satellite receiving equipment was reported. A
migration toward a digital HDTV satellite signal is projected for 2000. Nei-
ther real projections nor decisions have been made toward the introduc-
tion of digital terrestrial broadcasts. MPT held a first meeting on this
subject in June 1997 and is expected to take a decision toward introduc-
tion by October 1998. CATV market penetration is estimated to be
about 10%.”

5.4 Summary and
conclusions

In retrospect, one can state that Japan was the first country to see the
necessity for a new generation of televisions, but it was too early:

7. Figures and observations from [12].
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The world was not ready for its system. Japanese disappointment over
the results of the ITU, CCITT meeting of Dubrovnik 1986 must have been
enormous, as the technological advances in the area of advanced televi-
sion have come virtually to a halt since that time. Nevertheless, the long-
awaited liberalization of the telecommunications and, to a lesser extent,
broadcasting markets in 1998 seems to be stimulating a renewal of tech-
nological developments in this area. The most prominent example of this
renewal is the no longer exclusively Japanese consortium formed to
establish the wireless wide-band technologies for accessing the electronic
highway—be it Internet or DTV—in the next millennium.
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6.1 Introduction

The fact that the European Union (EU) has
consisted of 15 culturally different member
states since 1995 can only hint at the difficul-
ties involved in developing a pan-European
policy on a subject as difficult as television.
These difficulties do not arise as a conse-
quence of the fact that the television set has
always been a highly technologically driven
apparatus. The difficulties stem from the
fact that when speaking of television, one
also speaks of culture. In the EU context,
this implies different cultures in as many as
15 Member States.

The European development of DTV
started outside the EU competence under the
so-called EUREKA flag. EUREKA was a pan-
European research cooperation that resulted
in, among other things, funded research
projects on HDTV involving HD-MAC (high-
definition multiplexed analog component). Later
on, this technological development was sup-
ported by the EU through the incorporation
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of the used technologies into a legally relevant text: the HD-MAC Direc-
tive. However, the obligation for European satellite operators to apply
D2-MAC never attracted much support in the (audiovisual) industry and
satellite operator business.

Before going into too much detail, however, it is necessary to discuss
the general EU policy and the legal framework in which the development
of advanced television came into being (see Section 6.2). Figure 6.1 pres-
ents the framework applied in the European advanced television’s con-
text (with reference to Section 2.3.1 on the layer model).

6.2 EU policy and
regulatory environment:
digital television

Itis apparent that the EU is interested in a pan-European approach in the
arena of converging technologies in general. In this sense, advanced tele-
vision services is just one of the areas in the ICT revolution. This fact is
underpinned with technological developments through the complete
digitalization of industry areas that used to operate separately from each

Information
Information
services
Content
T t
Value-added Second MAC Directive (92/38/EEC) ranspor
services Television Standards Directive (95/47/EEC)
(draft) Directive on the Legal Protection against Piracy (98/../EEC)
Network services |First MAC Directive (86/529/EEC)
Second MAC Directive (92/38/EEC)
Television Standards Directive (95/47/EEC)
Infrastructure/
capacity
Transport
; - - Terminal
Terrpmal Secox}d. MAC Directive ‘(92/§B/EEC) equipment
equipment Television Standards Directive (95/47/EEC)
(draft) Directive on the Legal Protection against Piracy (98/../EEC)

Figure 6.1 Layer model and EU policies on advanced television.
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other. The 1997 Convergence Green paper [1] formulated this trend as
follows:

... the underlying trend is the common adoption of digital technologies
by the relevant sectors. Digital technologies covers a range of disci-
plines generally associated with the computer and telecommunications
industries- digital micro electronics, software and digital transmission.
... Computer technology now plays a key role in content creation and
production in both cinema and broadcasting worlds. The way in which
audio visual material is produced, delivered and consumed are evolv-
ing. Content is becoming “scalable” so that it can be used in different
environments and delivered on different network infrastructures.

This quote illustrates the way the European Commission views the
digitalization of both content and transmission capabilities. It does not
give a rationale for its policy and regulatory involvement in shaping the
information society. To be able to discern this rationale we need to go
back to the mid 1980s. The EU’s involvement started from a more general
sentiment, namely the liberalization of the telecommunications industry
following the U.S., U.K., and Japanese developments in this area.

The EU became committed and wanted to become more involved in
deregulating the telecommunications industry. It is beyond the scope of
this book to provide a general overview of EU telecommunications policy.
Accordingly, this chapter will focus on the related telecommunications
and general competition laws and the issues involved with advanced tele-
vision services. It has to be stated that the EU is not the only bureaucratic
player in this area. The EBU and ETSI (European Telecommunications Stan-
dards Institute) are also important participants.

6.2.1 Background EU:
telecommunications

The European Economic Community was established through the con-
clusion of the Rome Treaty in 1957. Originally, the EU consisted of only
six members. The treaty’s main goal was to establish a stronger economic
cooperation between countries that waged war only a decade earlier. The
ultimate goal was to establish a Europe without frontiers, thus enabling
the free movement of people, goods, services, and capital. In 1994, the
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multilateral European economic cooperation changed its designation
from the European Economic Community (EEC) to the EU under the
enforcement of the Maastricht Treaty. Subsequently, the coalition’s goal,
a Europe without frontiers, did not change but the membership did. In
1998, the EU has 15 Member States.

In 1984, the EU’s interest in the area of telecommunications started
somewhat hesitantly with regulations concerning specifications for ter-
minal equipment. This interest in terminal equipment fitted neatly into
one uncontested area of the EU’s regulatory involvement, namely the
free movement of physical goods across borders. When the European
Commission published its Green paper on the Development of the Common
Market for Telecommunications Services and Equipment [2], it became clear
that in the coming years a hesitant position of the EU was no longer to be
expected. In summary, the goal of the European Commission can be
described as follows:

In order to establish and maintain a continuing and balanced economic
growth within the EU itis necessary to have a strong European telecom-
munication sector to realize a good competition position of the Euro-
pean economy by eliminating the different national rules and
monopolies in the telecommunication sector.

In retrospect, one can assert that the EU indeed managed, through a
large number of regulatory measures, to free the market for telecommu-
nications services and infrastructure provisions of most of its legal
barriers. January 1, 1998, marks a significant milestone. From that date,
the telecommunications market in (most) EU countries was fully
liberalized.

The EU liberalized the telecommunications market by using two dif-
ferent legal instruments made available in the treaty:

1. Introducing open and fair competition with the privatization of
the state-owned public PTTs (Post Telegraph and Telephone) and
markets;

2. Harmonizing the (mostly very different) technical specifications of
all the Member States.
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Bringing an almost fully state-controlled telecommunications market
and parties into a fully free and competitive market is something that can-
not be done overnight and without a sound underpinned legal view
concerning general competition law. It is therefore important to clarify
the EU policy and the telecommunications market liberalization by going
into some detail on (general) competition law.

6.2.2 EU competition policy:
telecommunications

For decades Europe did not have a fair and open market in the telecom-
munications market. Instead it was a fully state-controlled business. The
1987 Green paper formulated the following policy goals:

» Complete liberalization of the terminal equipment market;
D Mutual recognition of national type approvals;
D Increasing liberalization of the telecommunications market;

» Clear separation of regulatory and operational responsibilities in
the Member States;

D Creating conditions for open access to networks and services
through the ONP program;

D Establishing ETSI;

» Complete application of EU competition rules in the telecommuni-
cations sector.

In 1988 and in 1990 the European Commission issued two obligatory
directives that ordered member states to end the legal monopolies on
terminal equipment and the provision of telecommunication services,
respectively. However, the liberalization of services was rather limited
as satellite communication, mobile services, fixed voice telephony,
and infrastructure were not included within the scope of the services
Directive.

The 1992 review of the measures issued between 1987 and 1992
showed no sufficient effect and therefore a furtherance of both policy and
legal measures to gain more momentum in the liberalization was deemed
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necessary [3]. The major decision, as a consequence of the review,
was that a complete liberalization of all telecommunication services,
including the main earner, fixed-voice telephony, had to be realized by
January 1, 1998. A derogation was accepted from a number of EU coun-
tries for this complete liberalization as from January 1, 1998 (i.e.,
Spain, Ireland, Greece, Portugal, and Luxembourg). Ultimately before
January 1, 2002, these countries will also have to comply.

The second major decision was that the ONP concept proved to be a
solid basis for future regulation, notably in areas such as universal service
obligation, interconnection, and access tariffs. Third, the EU promised to
formulate an explicit policy regarding mobile and personal communica-
tions systems [4] and the provision of infrastructure services [5, 6].

As stated earlier, legal instruments stemming from the EU treaty were
used for opening up the telecommunications market. Seen from a regula-
tory point of view, the fully competitive environment for the telecommu-
nication sector was built on two important legal principles: liberalization
and harmonization. Figure 6.2 illustrates the legal principles for building
a competitive telecommunications sector.

In retrospect, the EU managed to reach these goals—that is to say,
necessary and relevant regulations have been implemented at the EU

Goal Competitive environment for telecommunication services
Realized Liberalizing Harmonizing
through Directive 90/388 on competition Directive 90/387 on establishment of

in market for telecommunication
services (often referred to as
Services Directive)

Amendments to Services
Directive:

Directive 94/46 on satellite
communication;

Directive 95/51 on Cable TV
networks;

Directive 96/2 on mobile
communication;

Directive 96/19: implementing

full competition as of Jan. 1, 1998.

internal market for telecommunication
services through implementation of
open network provision (often referred
to as ONP-framework Directive)

Based upon this Directive:
ONP-Directive leased lines (92/44);
ONP-recommendation Packet Switched
Data Services (PSDS) (92/382);
ONP-recommendation ISDN

(92/C 158/01)

ONP-Directive Voice telephony
(95/62);

ONP-Directive interconnection (97/33)

Figure 6.2 Legal principles for building a competitive
telecommunications sector.
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level. Until now, however, the implementation at the national level has
not always been a success. It will take at least a few years into the next
millennium before a complete and transparent system of pan-European
regulations will be in place, so that open market access and workable
competition is really established.

A citation from a G7 Summit held in Brussels in February 1995
regarding the information society states the focus of these regulations:

... the regulatory framework should put the user first and meet a variety
of complementary societal objectives. It must be designed to allow
choice, high quality services and affordable prices. It will therefore have
to be based on an environment that encourages dynamic competition,
ensures the separation of operating and regulatory function as well as
promotes interconnectivity and interoperability.

The challenge for the EU is probably not the (legal) liberalization of
the telecommunications sector, but making and/or creating adequate
(regulatory, technical, and market) conditions for dealing with conver-
gence of the telecommunications, information technology and audio vis-
ual industries.

6.2.3 Telecommunications and
general competition law: digital
television

Creating an advantageous environment for new technological phenom-
ena, such as DTV, was not considered an integral part of ICT and its regu-
latory developments within the EU until recently. It was seen merely as
the next step in the already rich history of (television) broadcasting. The
integral approach of the liberalization of the telecommunications sector
made it clear that the DTV developments could not be separated from the
liberalization of the telecommunications sector. Thus, it became obvious
that liberalization (of the former public utility like sectors such as the tele-
communications industry) could not be dealt with in separation of com-
petition law at large.

Looking at the liberalization of the telecommunications sector from a
general competition law perspective, it appears that four aspects of gen-
eral competition law guided the sector’s liberalization:
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» The separation, at the national level of operational, regulatory, and
controlling functions in the telecommunications sector that used to
be handled by only one organization, the state-owned PTT;

D Separating these state-owned enterprises from the state and privat-
izing the telecommunications companies (in most EU countries,
these enterprises have now become stock exchange companies);

D Between 1990 and 1998, EU public liberalization policy was aimed
at creating a fully competitive environment for the telecommunica-
tions sector. This was done by gradually liberalizing all telecommu-
nications services except fixed voice, telex, and telegraphy services
(in 1998 these services too were opened to full competition);

D In 1990, at the start of liberalizing the sector, the complete liberali-
zation of all (based on EU-wide applicable common technical crite-
ria) terminal equipment proved to be an important aspect in
creating the fully competitive environment for the sectorin 1998.

Now, in 1998, it remains to be seen whether the policy and regula-
tory developments in the area of telecommunications will, in time, fully
incorporate the future developments of DTV services in Europe. It also
remains to be seen whether these developments will lead to a completely
liberalized television services environment. It can already be discerned
that public service television will remain an important cornerstone of
European public (cultural) policy. Separate public funding structures will
either remain in place or will be recreated to enable public policy influ-
ence in this area.

6.2.3.1 Television Without Frontiers Directive

The history of the Television Without Frontiers (TVWE) Directive starts in
1989 when the Council adopted a Directive based on Article 57 of the
European Union Treaty (EUT). Article 57 relates to the freedom to deliver
services throughout the EU. On October 3, 1989 the Council adopted a
Directive on the promotion of European television productions and
advertising and the protection of minors (OJ No. L 298, 17 October 1989,
p- 23). In this directive, two provisions dealt with the proportion of Euro-
pean works and with independently produced European works broadcast
by community TV channels. The Commission published a Communica-
tion on these issues on March 3, 1994 (COM(94)57), a second one
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(COM(96)302) and even a third one on the overall application of
the Directive on October 24, 1997 (COM(97)523). The Directive was
amended through Council Directive 97/36 (OJ No. L 202, 30 July 1997,
p.- 60). Member States now need to implement the provisions before
the end of 1998. Important in relation to the scope of the Directive are the
noncompulsory quotas for transmission of community television produc-
tions, but the Directive leaves news-services (e.g., video-on-demand) out
of the Directive. Advertising rules also apply to teleshopping. Member
States may take measures to permit broadcasting of major events to a
large public. Moreover, Member States have to draw up lists of outstand-
ing events of general interest at a low frequency. Prior to restrictions
imposed to exercise exclusive rights, Member States should consult inter-
ested parties and notify the commission. Member States will have to
implement the amendments to this Directive by the end of 1998.

This Directive also spawned court cases. The first was a Belgian court
that asked the Court of Justice (CoJ) for a preliminary ruling on the inter-
pretation of Article 2 of the TVWF Directive (Case C-14/96). On May 29,
1997, the court ruled the following.

D A television broadcaster falls under the jurisdiction of the Member
State of establishment;

D A Member State may not oppose the retransmission of programs by
a television broadcaster established in another Member State, even
if programs are contrary to quota obligations as laid down by
Article 4 and 5 of the Directive (OJ No. C 228, 26 July 1997, p. 1).

The second court case also occured in Belgium. In this case, a Belgian
court asked the CoJ for a preliminary ruling on the interpretation of the
TVWE Directive to determine whether the V74 channel, that was broad-
cast from the United Kingdom, was broadcasting under Belgian or
British jurisdiction (Case C-56/96). The CoJ ruled that broadcasters estab-
lished in different jurisdictions fall under the jurisdiction of the country
where decisions on editing and programming are taken (OJ no. C 228,
26 July 1997, p. 3).

The Swedes also asked for an interpretation of the Directive in rela-
tion to television advertisements (Joined Cases Case C-34/95, C-35/95,
C-36/95). On July 9, 1997, the court ruled that the Directive permits
Member States to take measures against broadcasters from other Member



102 Digital Video Broadcasting: Technology, Standards, and Regulations

States to protect consumers from misleading advertisements, provided
that measures do not prevent transmission. However, since the Directive
provides for the protection of minors, Member States are precluded from
applying their national legislation prohibiting advertisements for chil-
dren under 12 years (OJno C 252, 16 August 1997, p. 12) to broadcasters
from other Member States.

6.2.3.1 Public service television

The European Parliament took the initiative to report on the role of public
service television (PST) within the European Union. The parliamentary
Committee on Culture, Youth and Media adopted a report on the PST
issue on July 2, 1996. This report stresses the importance of PST and calls
on the commission to do the following:

D Propose changes to the treaty to allow development of positive PST
policy;
D Exclude PST from provisions of future media concentration

legislation;

D Recognize the key role of PST in a forthcoming Green paper on new
audiovisual services;

» Financially support European PST, such as ARTE and EURONEWS.

The European Parliament’s plenary adopted this report on
September 19, 1996. To be able to prepare the Amsterdam Summit on
revising the Maastricht Treaty in this respect, an expert meeting was
organized on February 17-18, 1997. The experts that gathered at this
meeting concluded the following:

D Public service broadcasting is important in the future media
landscape;

» Cooperation between Member States is necessary;
D Decisions on the financing of PST should be taken at a national

level.

The expert group advised that the Amsterdam Treaty, the treaty that
succeeds the EU Maastricht Treaty, should do the following:
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D Provide for increased legal certainty regarding public TV services
and State aids;

D Recognize the role of public service broadcasting in Europe;

» Exempt public broadcasters from community competition rules.

These conclusions and recommendations were forwarded to the
Council of Ministers and the European Commission. A separate protocol,
which was to be added to the revised Maastricht Treaty text, was formu-
lated. During the summit held in Amsterdam June 16-17, 1997, the
European Council agreed on the final text of the PST protocol, and
the protocol was added to the Amsterdam Treaty.' The protocol allows
Member States to finance television channels in return for public service
obligations. The relevant public service obligations are to be defined by
each Member State itself. The European Commission has to ensure that
the public funding of PST services is not contrary to the community’s
competition rules.

Hence, it becomes increasingly clear that even PST and the way in
which Member States are allowed to implement the duties and obliga-
tions accompanying such implementation may not impede competition.
This principle was even “forwarded” to the culturally sensitive PST,
which is deemed important in many EU countries.

6.3 Digital video
broadcasting

Before zooming in on DTV, it is necessary to describe the background of
technological and market developments from analog HDTV to digital
wide-screen television and to explain the accompanying EU regulatory
coverage for HDTV. These developments preceded the establishment of
the current European technological and regulatory framework on digital
wide-screen television.

1. The final text of the (new) European Union Treaty was signed in Amsterdam on
October 2, 1997.
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6.3.1 Technological developments

The EBU started its first activities with regard to HDTV in 1981, by estab-
lishing the Working Party V. Together with the U.S. ATSC (Advanced Televi-
sion Systems Committee) a first concept of a world standard was drafted. The
CCIR established an IWP in 1983, with the assignment of defining a world
standard for producing and transmitting HDTV. In 1985, most elements
for the standard were agreed upon, and most people involved believed
that the CCIR meeting of 1986 to be held in Dubrovnik would indeed pro-
duce a world standard. However, controversy arose over the usage of
either a 50-Hz- or 60-Hz-based HDTV system. A number of European
countries, to the surprise of the United States, kept opposing the 60-Hz
CCIR draft standard, and the Dubrovnik CCIR meeting agreed to post-
pone a decision until the next CCIR meeting was held in 1990 in
Diisseldorf.

To be able to present a working European HDTV alternative at the
CCIR meeting of 1990, the European Electronics Industry signed a
memorandum of understanding in March 1986 seeking funds through
Eureka. Eureka was a cooperation mechanism, “invented” by French
president Mitterrand, that involved 19 different European countries
through which personnel and financing was directed at technological
research. Eureka projects needed to be aimed at the future and to be
applicable in practice. A new (European) HDTV fitted very well in this
concept. In September 1986 the Eureka Council of Ministers accepted the
HDTYV proposal from the European industry as Eureka project number 95,
usually referred to as Eureka95. In its first phase, 1986-1990, approxi-
mately 2,000 man years and 220 million ECUs were spent. A prolonga-
tion of the Eureka95 (phase two) was approved in 1989, and by late 1992
a total of 625 million ECUs and 5,000 man years had been spent [7]. The
Olympic Winter (Albertville) and Summer (Barcelona) Games, the
World Expo (Sevilla), and the European Soccer Championship of 1992
proved that regular HDTV transmission could be realized. The third phase
started in January 1993 and ended in June 1994. This period was used to
complete all technological “loose ends.” Seen from a technological point
of view, Eureka95 was a success.

However, technological success alone does not constitute success in
the market. Different political perspectives in a number of European
countries and doubts about the potential success of the HDTV system has
prevented a successful market introduction. The whole situation was



European Union policy 105

made worse by the fact that within the EU no successor for the Eureka
project could be agreed upon. From the beginning of 1992 until about the
middle of 1993 no (political) agreement was possible at the EU level. As a
result of this impasse and the (digital advanced television services) devel-
opments in the United States, in June 1993 the EU Council of Telecom-
munications Ministers agreed to spend about 250 million ECUs, at least
half of which was to be spent on producing HDTV programs. The other
half was meant to be spent in furtherance of HDTV technology. The origi-
nal amount of money that was to be allocated for the technological fur-
therance of European HDTV was approximately 1 billion ECUs. The June
1993 decision of the EU was therefore considered to be a major setback for
the research and development of the technological side of HDTV.

During this time, there was one weakness visible in the European
HDTV developments, namely the usage of an analog transmission path
that relied on the HD-MAC and D2-MAC standards. This was considered
a weakness because the United States was aiming at the development of a
completely digital system. However, it has to be realized that the HDTV
system in its completeness was a digital system, since about 85% of the
used and defined technology was digital, and only 15% dealt with analog
transmission technology.

6.3.2 Regulatory coverage for HDTV

Terrestrial broadcasting transmission norms in the EU were different:
PAL and SECAM. The next technological television transmission family
needed to be a pan-European norm, a transmission norm that resulted in
amuch better image than the existing ones. The usage of DBS allowed the
EU to make a mandatory transmission norm: the MAC standard [8]. The
scope of this Directive was limited in the sense that the standard was only
mandatory if DBS were used for transmitting television signals. In case
satellites that operated in the fixed satellite services (FSS) band were used for
transmitting television signals the MAC standard did not have to be
implemented. As a result, most satellite broadcasters started to operate
from the typical telecommunications satellites (in the FSS band) and not
from the DBS satellites. Hence, the success of this mandatory standard
was very limited. Under the rules incorporated in the 1986 MAC Direc-
tive it was stipulated that five years after its implementation the effect of
this Directive had to be evaluated. Because of the limited results of the
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first MAC Directive, the EU was reluctant to implement another standard
that was not supported by the market and therefore tried to use pressure
on the parties involved (manufacturers, broadcasters, and network
operators) to sign a memorandum of understanding on how future tele-
vision broadcasting was to be implemented. The memorandum was
signed in the summer of 1992 under the condition that the EU would suf-
ficiently subsidize the further technological development of HDTV. We
now know that this did not happen.

The second MAC Directive of May 1992 [9] still chose HD-MAC and
D2-MAC (duo-binary multiplexed analog components) wide-screen 16:9
aspect ratio but no longer made an analogous transmission norm manda-
tory. This second MAC Directive set a regulatory framework of standards
on advanced television broadcasting services. In case of European satellite
and cable transmission and digital HDTV that was not fully digital, televi-
sion programs had to be based on the HD-MAC standard [10]. The
D2-MAC standard [11] had to be used for not completely digital satellite
and cable transmission with a wide-screen 16:9 aspect ratio format. Tak-
ing into consideration the developments in the United States, it opened
the possibility of a digital transmission standard under the condition that
such a standard would be an agreed standard by ETSI. The consequence of
this approach was that the EU chose a European DTV system. This can
also be concluded from the Council Decision of July 22, 1993, on an
action plan for the introduction of advanced television services in Europe
[12]. This action plan aims at promoting the wide-screen 16:9 format
(625 or 1,250 lines), irrespective of the European television standard used
and irrespective of the broadcasting mode (terrestrial, satellite, or cable).”

In the first half of 1993, it became clear to a number of governments,
satellite operators, network operators, broadcasters, and manufacturers
that a successful follow-up to the Eureka95 project within the con-
text of the EU research and developments programs would be very
unlikely. One has to compliment these parties on their initiative taken on
May 29, 1993, to start the “European Launching Group of Digital Video
Broadcasting,” now known as DVB. The memorandum of understanding
between the DVB parties was signed in September 1993. The European
Commission was actively participating and wanted to cover the

2. Also the International Telecommunications Union (ITU) had already committed itself to
the aspect ratio of 16:9 in ITU-R recommendation 709 defines picture characteristics
including the wide-screen 16:9 aspect ratio.



European Union policy 107

developments by taking regulatory steps that would be acceptable to all
parties, instead of making rules that were not acceptable to important
parties in the market, as happened with the MAC Directives. The number
of parties involved in DVB and the results of all earlier agreements within
the Eureka95 project made rapid progress possible. By mid 1995 most
(transmission) standards were agreed upon within the realm of DVB and
forwarded to ETSI to make them official European standards. These
results gave the EU the “courage” to propose a new ruling to cover the
DVB developments. In this respect, it is interesting to cite some of the con-
siderations in the preamble of the Television Standards Directive [13].°

... Whereas, for the purposes of this Directive, a wide-screen television
service must meet the minimum requirements that it uses a transmis-
sion system delivering sufficient information to allow a dedicated
receiver to display a full frame picture with full vertical resolution and
whereas, for the same purposes, a television service using letterbox
transmission in 4:3 frame which does not meet the above mentioned
minimum criterion should not be considered as a wide-screen televi-
sion service;

Whereas television services are currently delivered to the home by ter-
restrial systems, by satellite systems and by cable systems and it is essen-
tial that advanced wide-screen services should be made available to the
largest possible number of viewers;

Whereas cable TV networks and their technical capabilities as defined
by the Member States are an important feature in the television infra-
structure of many Member States and will be crucial to the future of
advanced television services;

Whereas master antenna systems as defined by Member States are not
affected by this Directive;

Whereas it is essential to establish common standards for the digi-
tal transmission of television signals whether by cable or by satellite
or by terrestrial means as an enabling element for effective free-
market competition and this is best achieved by mandating a

3. In the literature, this Directive is sometimes referred to as the third MAC Directive, which
is only relevant in case analog transmission is still being used. For digital transmission,
there is, of course, no reference to the MAC transmission norm anymore.
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recognized European standardization body taking account, as appropri-
ate, of the outcome of the consensus processes under way among
market parties;

Whereas such standards should be drawn up in good time, before the

introduction to the market of services linked to digital television; ...

Important in the Television Standards Directive is the repeal of the
second MAC Directive 92/38. With the completion of the most relevant
agreed on (pre)standards within DVB and the EU regulatory coverage of
these developments through the Television Standards Directive it can be
concluded that real full-fledged digital HDTV was no longer the goal.
Instead of a purely technologically driven development, the EU now
aimed at a more market-driven and realistic approach to the implementa-
tion of a normal digital wide-screen television.

6.3.3 The current regulatory EU
wide-screen TV-package

DTV services are considered to form an integral part of converging indus-
tries and sectors and, as such, are part of general (and sometimes special-
ized) laws and regulations. This section discusses the specific European
regulatory framework on DVB.

6.3.3.1 EU Directive on television standards

DVB has proven to be able to provide the digital technology for television
viewers. This was also recognized by the governments. Through the coop-
eration of national governments and the European Commission, the
Television Standards Directive was accomplished. On July 25, 1995, the
European Union’s Council of Ministers, unanimously approved the
Directive and established the Directive on October 24 of that same year.
This Directive stated, among others things, that the second MAC Directive
(92/38/EEC) was to be withdrawn nine months later. However, accord-
ing to the Television Standards Directive, the D2-MAC standard, or any
other system that is fully compatible with PAL or SECAM, still has to
be used for the analog transmission of wide-screen (16:9) television
programs. In case of the analog transmission of HDTV programs, the
HD-MAC standard has to be used.
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With regard to DTV broadcasting, the specifications developed in the
DVB project, and made into standards by ETSI, were made obligatory.
This namely concerns the norms for generating program signals and the
adaptation of the transmission media of satellite, cable, and terrestrial
networks. This generates an important political embodiment for digital
wide-screen television.

The European Commission also intends to structure the market for
DTV services, such as pay-TV, by using this Directive. For example, for the
encryption of television programs the use of the common scrambling algo-
rithm is mandatory. There are also stipulations that aim to realize a level
playing field on the grounds of the Community competition rules. In fact,
the opposing of dominant positions on the market is clearly stated.

Furthermore, digital (wide-screen) TV-sets must be provided with
the common interface, which is not mandatory for the set-top box. Also, the
Directive regulates the fair, reasonable, and non-discriminatory access to
networks for DTV services. This restricts the positions for, among others,
BskyB and Canal Plus. Furthermore, CA systems that are exploited on the
market must dispose of the necessary technical possibilities for an inex-
pensive conveyance of control to the cable head-ends. Herewith, the
CATV operators must be able to have complete control on a local or
regional level over the services that use such systems for CA.

In addition, licenses concerning DVB specifications must be issued on
grounds of non-discriminatory bases, so that no threshold arises for new
parties coming onto the market. Subsequently, the member states must
provide for arbitration procedures to settle unsolved disputed honorably,
timely, and transparently.

The Directive had to be implemented by the Member States no later
than August 24, 1996. However, not all member states adjusted their laws
to this Directive in time. In Spain, this resulted in a dispute between Canal
Plus and Société Europénne de Controle d’Accés (Canal+/SECA) and the Span-
ish State. On June 7, 1997, Canal+/SECA tiled a complaint with the Euro-
pean Commission that Spain was breaching Community law by
prohibiting the distribution of digital set-top boxes used by Canal Plus. In
reaction, on June 27, 1997 the European Commission opened infringe-
ment proceedings (IP 97/564) against Spain for (1) violating the treaty
with regard to the free movement principles; (2) failing to notify the con-
cerning law, which prohibits the distribution of Canal Plus’ set-top boxes,
to the Commission; and( 3) infringing the Television Standards Directive.
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The European Commission sent a reasoned opinion (IP 97/680) to Spain
on July 23, 1997, requesting the removal of provisions that violate the
treaty from contested Spanish law on television set-top-boxes. Conse-
quently, on September 12, 1997, Spain submitted a modified law. As a
result, the European Commission decided to end the proceedings on
October 8, 1997.

6.3.3.2 (draft) EU Directive on the Legal Protection

against Piracy

The key issue in providing information services via CA systems is to
ensure that only authorized users (i.e., users with a valid contract) can get
access to a particular programming package. Encryption is often used as a
means to technically protect these services from unauthorized access
(piracy). In some Member States the legal protection against piracy is
insufficient or even absent. This could lead to a widespread use of illicit
devices (i.e., equipment or software designed or adapted to give access to
a protected service in an intelligible form without the service provider’s
authorization). DVB recognized this problem from its beginning by pro-
ducing recommendations [14] in October 1995 for the necessary flanking
of the pan-European policy to discourage piracy. The European Parlia-
ment shared DVB’s concerns and added a recital to the Television Stan-
dards Directive in order to establish an effective Community legal
framework on antipiracy. This recital was adopted by the Council when
establishing the Directive.

In March 1996 the European Commission published the Green paper
“Legal Protection of Encrypted Services in the Internal Market” [15]. This
Green paper discusses the regulatory measures that are required to pro-
tect services against piracy. Its preceding wide-ranging consultation con-
firmed the need for a Community legal instrument ensuring the legal
protection of all those services whose remuneration relies on CA. As a
result, the European Parliament and the Council proposed a Directive on
the “Legal Protection of Services Based on, or Consisting of, Conditional
Access” [16]. The current (May 1998) draft Directive provides for an
equivalent level of protection between Member States relating to com-
mercial activities that concern illicit devices. However, this draft Direc-
tive’s implementation may not result in obstacles in the internal market
concerning the free movement of services and goods.
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The protected services concern radio, television, and information
society services (e.g., video-on-demand, games, and interactive teleshop-
ping) and the provision of CA to these services as a service in its own
right. As such, this draft Directive prohibits and sanctions the manufac-
ture, import, distribution, sale, rental, possession, installation, mainte-
nance, or replacement for commercial purposes of illicit devices.
Moreover, the use of commercial communications to promote illicit
devices is prohibited and sanctioned. The draft Directive explicitly does
not cover the private possession of illicit devices, intellectual property
rights, the protection of minors, and/or national policies on the protec-
tion of public order or national security. The latter implicates that lawful
interception as part of a national policy on cryptography is not considered
piracy.

According to the DVB members, this proposal does not go far enough.
DVB would like “personal use and possession” to be covered by this Directive
as well. Moreover, DVB would like tougher sanctions to be imposed. As
can be concluded from the current proposal, the European Commission
and the Member States, however, did not adopt this idea. The final con-
clusions will be drawn as soon as the European Parliament, together with
the Council, has established the concerned Directive.

6.4 Summary and
conclusions

Europe has come along way in its efforts to establish advanced television.
The first attempts, based on a technology-driven approach to establish a
European HDTV standard, resulted in failure. The market-driven DVB
project proved to be more successful by providing for normal digital
wide-screen (16:9) television. The strength of this approach is that DVB’s
market-driven specifications were turned into official standards by ETSI
and that, next, the most important standards” use was made mandatory
through the Television Standards Directive. Hence, the EU aimed at a
more realistic and powerful approach toward the establishment of (now
completely digital) advanced television services in Europe.

As already stated by the European Commission in its Green paper
on convergence, the application of digital technologies drives the
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convergence of traditionally separated industries. Furthermore, multi-
media services will increasingly be delivered via different infrastructures.
Hence, the traditional boundaries between telecommunications and
broadcasting are fading. It is this historical and technological background
and that of telecommunications and competition law, against which the
policy and regulatory environment for DTV services is created. In particu-
lar, this concerns the above mentioned Television Standards Directive, as
well the (draft) Directive on the Legal Protection against Piracy.

By also providing for interactive DTV services, DVB in fact, entered
the telecommunications (policy and regulatory) domain. However, as of
now (1998) it remains to be seen whether the policy and regulatory
developments in the area of telecommunications will, in time, also fully
incorporate the future developments of DTV services in Europe. In this
respect, broadcasting could even be considered as a form of telecommuni-
cations. It also remains to be seen whether these developments will lead
to a completely liberalized television services environment. It is already
possible to discern that PST will remain an important cornerstone of
European public (cultural) policy. Separate public funding structures will
either remain in place or will be recreated to enable public policy influ-
ence in this area. It is expected that the Green paper on convergence will
play an important role in the European Union policy and regulatory envi-
ronment to be developed for shaping the ICT revolution and, hence, the
information society.
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7.1 Introduction

As described in Chapter 3, technological
developments in information and communi-
cations technologies and the individualiza-
tion in modern societies are incentives to
develop interactive multimedia services. DTV
systems are ideal for providing these types of
services. As such, they embody an important
part of the convergence process.

Technological developments in the field
of DTV have implications for society. Govern-
ment policy makers must assess these devel-
opments and influence them if necessary. The
same is true for decision makers in indus-
try and consumer organizations, as they also
need to develop strategies based on their vari-
ous interests.

This chapter discusses several aspects that
play a role in the provision of interactive DTV
services via CA systems and presents a con-
ceptual model to illustrate the relationship
between the technological developments and
their consequences. Moreover, this model
visualizes per consequence what needs to be
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considered in order to responsibly incorporate the concerned technolo-
gies into society.

1.2 Technological
development aspects

This section discusses several aspects of the technological developments
in the field of interactive DTV services, which are provided via CA
systems [1].

1.2.1 Availability

In the information society there are services with a great social and eco-
nomicinterest. Examples are telephony, telex, and telegraph services and
national television broadcasting. The availability of these services must be
guaranteed. It may be that in the (near) future certain other services,
which are provided via CA systems, become of great social and economic
interest. For example, elections or referenda can be facilitated by CA sys-
tems. A user can insert a smart card with a pin-code in a set-top box’s
smart card reader for identification, after which authorization can be
given to cast a vote.

7.2.2 Multiformity

In a situation in which only one or a few information service providers are
active on the market, there is a considerable dependence on the supply of
the service provider(s). It may occur that only a limited number and/or a
one-sided type of service is available. A great variety of information, from
various sources and from different perspectives, is of great interest for
society. In other words, the multiformity of information is an important
social requirement.

1.2.3 Affordability

The price consumers have to pay for their services may be too high for cer-
tain groups in society. This may lead to a situation in which society is
divided into haves and have nots. A scenario in which some people are
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financially unable to access services that are considered necessary for
social functioning (e.g., telephony and national television broadcast-
ing) must be prevented. The affordability of these services must be
guaranteed.

In 1997 a big debate took place in the Netherlands on whether it
should be possible to exclusively broadcast soccer matches (which are
very popular) via a pay-TV channel. These matches had always been
broadcast via free-TV channels, including national television. However, a
new pay-TV consortium called Sport7 managed to produce the highest bid
on the broadcasting rights for the most important (inter)national soccer
matches. People would now be forced to pay extra for a set-top box and a
subscription fee. Even the prime minister himself was involved in the dis-
cussions. In the end, the discussions ended when it turned out that the
consortium was unable to finance the broadcasting rights to the matches.
As a result, an established pay-TV broadcaster bought the rights to the
national competition’s live broadcasts. The national competition’s sum-
maries and the international matches are still broadcast via free-TV
channels.

7.2.4 Market structure

The characteristic feature of open CA systems is that other providers’ set-
top boxes can be used. This is not possible with closed systems by which
means market positions can be protected and even (regional) monopolies
can be created. This is currently the case with most cable, satellite, and
terrestrial systems. At this moment, large broadcasters (e.g., BskyB and
Canal Plus) are using proprietary systems, which more or less have
become de facto standards.

Broadcasters and CA system manufacturers are mutually dependent.
It is undesirable for broadcasters to require manufacturers to construct
television sets or set-top boxes that exclude other systems (i.e., the possi-
bility to access services from other service providers). This would result in
a closed system.

If there were to be a completely open standard without any control on
the issue of licenses and if the royalties would be acceptable, then every-
body would be able to implement a CA system via this standard. This
would mean that every licensee could obtain the algorithm, the required
cryptographic keys, and the means to construct various system
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security and control applications. This requires the system’s information
to remain strictly secret. In case this information becomes public, every-
body, including pirates and hackers, could control the CA system and
obtain free access to the services. The systems would be open but not
serviceable.

Alternatively, an organization that manages the entire CA system
could be created. This idea would probably lead to resistance from the
broadcasters, as they would be dependent on another organization for
their income. Also, this organization, based on its consolidated technical
knowledge, could decide what equipment would be tested and used and
from which supplier the equipment would be bought. In case this organi-
zation happened to be the only supplier, a monopoly could arise. Moreo-
ver, other conflicts regarding new features and the replacement of
compromised systems could arise.

The best scenario that can be achieved seems to stem from the use of
an open set-top box. The broadcasters control their proprietary CA Man-
agement System (CAMS). This requires all set-top boxes to be based on
the same specifications. The verification of the user’s identity and
authorization takes place via a separate proprietary module (e.g., a smart
card). Hence, the open set-top box has to be equipped with a common
crypto system (also called common scrambling algorithm by DVB) and a
common interface between the proprietary module (i.e., the CAMS) and
the common crypto system. The use of this interface implies a cost
increase. The set-top box specifications have to be administered by an
organization that is specially assigned to this task. This allows free compe-
tition between set-top box manufacturers on the condition that it must be
commercially viable for both the manufacturers and the broadcasters.

71.2.5 One-stop shop

In the current situation, broadcasters administer their proprietary set-top
box population and take care of the CA system’s management (i.e., billing
and subscriber authorization). The consumer has to turn to the broad-
caster for his or her subscription. Next, the consumer obtains a set-top
box, by which means the broadcaster’s encrypted programming package
can be received and decrypted.

The advantage of the open set-top box is that the broadcaster can still
use its proprietary CAMS. However, the user now has to sign up with
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different broadcasters in order to access the various services via his or her
open set-top box. Moreover, consumers might need different modules
from the various broadcasters. This could block the entry of new broad-
casters into the market and, hence, hinder the establishment of a com-
petitive market.

From the consumer’s perspective it would be useful to create one
counter through which all services from the various broadcasters could be
provided. The counter functions as a one-stop shop. This has three impor-
tant advantages. First, the consumer does not have to sign up with every
single service provider. Next, the consumer does not need different mod-
ules to access the various services. Finally, competition takes place on the
quality of service, rather than on the access to networks.

1.2.6 Privacy

With the provisioning of information services, CAMSs can be used to reg-
ister personal data. The service providers need this data for their billing
process. Moreover, personal data is often used internally to statistically
analyze the market. The personal data obtained via interactive services
are rather sensitive, since users’ names, addresses, and residences are
linked to their individual consumptive behavior. This kind of information
can be used to construct a consumer profile. The fear that personal data is
passed on (i.e., sold) to third parties (e.g., direct marketing organizations)
isjustified. For example, there are sucker lists that indicate which individu-
als have decided to buy a certain product immediately after it has been
shown in a commercial. These lists are valuable information for direct
marketing organizations.

7.2.7 Cost allocation

Investments are required to adjust a network to facilitate interactive tele-
vision services, which are provided via CA systems. The location as well as
the level of costs depend on the choice for a specific design. A design can
introduce additional or less costs for actors in other layers within the layer
model. Ideally, the costs are divided over the differentlayersin such a way
that the service provision is cost-efficient. In the end, this leads to lower
costs for the consumer, which in turn allows the market to grow.

As stated earlier in Section 7.2.4, standardization in the field of CA
may result in an open set-top box. This implies that, in contrast with a
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closed system, actors other than the CA service provider obtain options
from which they can choose. Hence, it is possible that certain costs are
shifted to other layers. For example, the programming package’s encryp-
tion is currently processed by the information service providers (i.e.,
pay-TV broadcasters) themselves. It could very well be that in the future
network service providers will provide the encryption for all (new)
information service providers. This means that new information service
providers do not have to invest in such a crypto system. Another exam-
ple concerns the multiplexing process. In case multiplexing is applied
centrally by the network service provider, this is more cost-efficient
than if this were to be done by each information service provider
independently.

These examples illustrate that costs can and probably will shift to dif-
ferent layers. If this results in a concentration of costs within one single
layer (i.e., one group of actors), a threshold will arise to invest in these
new technologies. Hence, innovation is delayed or does not even take
place at all.

71.2.8 Lawful interception

The function of CA systems is to ensure that only authorized users (i.e.,
users with a valid contract) can watch a particular programming pack-
age. Technically, this means that a television program is broadcast in
encrypted form and can only be decrypted by means of a set-top box. The
set-top box incorporates the necessary hardware, software and interfaces
to select, receive, and decrypt the programs.

It is very important that the crypto system be unable to be compro-
mised so that services can be accessed for free. This requirement is even
more important if the crypto system is standardized, because if this system
is compromised, free access can be obtained on a larger scale than with
proprietary systems. In the latter case, every system has to be compro-
mised separately.

The need for information to be encrypted, however, conflicts with the
national security and law enforcement agencies. These agencies have
the need to lawfully intercept telecommunications traffic, for example, in
order to anticipate terrorist attacks or criminal activities. If this tratfic is
encrypted by means of the CA system’s crypto system, the intercepted
data is unintelligible. Hence, the concerned agency is not able to
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anticipate the communicated information. From this perspective, the
crypto system may not be too complex.

1.2.9 Intellectual property rights

Television programs are subject to intellectual property rights. Broadcast-
ers have to pay the concerned information producer for the (exclusive)
right to broadcast a particular program. Sometimes very high prices have
to be paid, especially in the case of single events (e.g., boxing matches). In
the case of free-TV, the broadcaster finances its activities by, among other
things, including commercials in its programming package. A pay-TV
broadcaster often pays a higher price for broadcasting rights, because the
program has not yet been shown to a large audience—except in the case
of movies, which are shown in the cinema prior to television. Moreover,
most pay-TV broadcasters do not include commercials in their program-
ming package. Hence, the price of pay-TV programs is relatively high. This
and the fact that pay-TV broadcasters often show the latest movies before
they become available on a free-TV channel, sometimes lead to creative
solutions in trying to watch these programs for free.

In this context, piracy refers to the unauthorized access to services
that are provided via CA systems. It also applies to the situation in which
legal hardware and/or software is used. The actors who try to get access
without authorization are called pirates. In general, CA systems are not
compromised through breaking the crypto system. Unauthorized access
is often obtained through the features, such as access to services via a free
subscription, extension of the program'’s first free three minutes, and last,
but not least, the interruption of messages to the set-top box. It is self-
evident that piracy undermines investments (i.e., innovation) in this
field.

1.3 Conceptual model

An open market structure for interactive television services, which are
provided via CA systems, can optimally be achieved by the applica-
tion of an open set-top box. This set-top box has to incorporate a
common scrambling algorithm and a common interface between this
common scrambling algorithm and the proprietary module (i.e., CAMS).
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By means of a conceptual model (see Figure 7.1) the relation-
ships between the technical developments (indicated by circles) and the
consequences (represented by square boxes) of these developments are
described. Moreover, this model identifies per consequence what aspects
need to be taken into account in order to responsibly incorporate these
technologies into society. The aspects, in turn, are positioned below the
square boxes.

For society, it is important that:

D Services with a great social and economic interest are available;

» The information’s multiformity is assured in the case of a limited
and one-sided supply of services;

» The affordability of basic services is guaranteed if high costs lead to
haves and have nots;

D An efficient and effective cost allocation in the economic value-
added chain is achieved in case costs are shifting to different layers
in the economic value-added chain;

» An open market structure is established despite the cost increase
due to the application of a common interface;

D A one-stop shop is created in the situations where many CAMSs
(i.e., modules) are used;

D Privacy is protected in case personal data is registered;

D If strong crypto systems are used, lawful interception is assured in
order to protect national security and public order. On the other
hand, the crypto system must be strong in order to protect intellec-
tual property rights against piracy. Lawful interception implicates
that privacy protection is limited;

» Intellectual property rights are (legally) protected, in case a CA sys-
tem is subject to piracy.

7.4 Summary and
conclusions

Ideally, all factors are considered in such a way that interactive DTV serv-
ices, which are provided via CA systems, are responsibly embedded in
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society. In the first instance, the market parties should address these
aspects. Typically, market parties focus on the technological and/or eco-
nomical aspects first. However, the aspects with a social and/or institu-
tional character need to be considered as well. Governments should play
an active role by assessing these technological developments. If neces-
sary, governments can influence them, so that not only techno-economic
innovation, but socio-institutional innovation is achieved as well.

In Chapters 8-12 the DVB project will be discussed. The project’s
organization and the technical specifications for several (interactive) digi-
tal broadcasting systems, as well as the DVB CA system, are described.
Next, Chapter 13 concerning the DVB project’s analysis will explain what
aspects have (not) been addressed by the DVB project and what aspects
still need to be considered by governments and/or market parties. The
conceptual model will prove to be a useful tool for this analysis.
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8.1 Introduction

As stated in Chapter 1, the government-
driven approach to establish a European
standard for an analog satellite HDTV broad-
casting system appeared to be a failure. The
HDMAC Directive, which was meant to set a
standard, was abandoned as a policy line.
Meanwhile, in the United States, the FCC
charged the GA with developing a standard
for a digital terrestrial HDTV broadcasting sys-
tem. In reaction, market parties in Europe
initiated the market-driven DVB project for
the development of digital wide-screen (16:9)
television.

This chapter discusses the DVB project’s
developments, first providing the back-
ground and subsequently explaining the pro-
ject’s structure and related research projects.
Next, the standardization process, including
the European Commission’s and the national
governments’ roles, is discussed. This is
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followed by a description of the various cooperating standardization bod-
ies and groups. Finally, the ambitious planning and the results are
described.

8.2 Background

The European DVB project’s technical basis was formed in late 1990. In
an experimental European project called SPECTRE, it was proved that it is
possible to effectively reduce the transmission capacity that is required for
DTV. Until that point in time, it was not clear whether it was possible to
practically implement digital coding systems. The concerned compression
system was also known as the motion compensated hybrid discrete cosine
transform coding system.

In reaction to the developments in the United States, the Scandina-
vian HD-DIVINE project on the development of an HDTV standard for
digital terrestrial broadcasting started in 1991. Moreover, Swedish televi-
sion launched the idea of a pan-European platform for European broad-
casters, with the objective of developing digital terrestrial broadcasting.
Meanwhile, in Germany conversations took place concerning a feasibility
study on current television technologies and the alternatives for the
development of television in Europe. In late 1991, the German govern-
ment recognized the strategic importance of DTV in Europe and the need
for a common approach and invited broadcasters, telecommunication
organizations, manufacturers, and regulatory authorities in the field
of radio communications to an initial meeting that led to the forma-
tion of the ELG in the spring of 1992. The ELG expanded and on
September 10, 1993, a memorandum of understanding was signed by
84 European broadcasters, telecommunication organizations, manufac-
turers, and regulatory authorities. Together, they now formed DVB. In
the spring of 1998, the DVB project counted more than 200 members
from 30 countries worldwide. The memorandum of understanding con-
tained the rules with which members had to comply, based on their
common interest and mutual respect. The three main objectives were the
following:

» The promotion of and contribution to the definition of technical
standards on DTV and their widespread use and application;
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» The facilitation of the introduction of new services that use these
standards, including research on related fields such as frequency
planning and CA;

D The facilitation of the closest possible coordination between
precompetitive research and development and standardization.

Research of the working group on DTV in the field of terrestrial DTV
introduced several new important concepts, among which were propos-
als to simultaneously serve different consumer markets. Moreover, it
became clear that the MAC systems for HDTV satellite broadcasting were
to be overtaken by digital systems. At that moment DVB provided the
ideal platform for a common approach by all parties concerned in order to
develop a completely DTV system.

At the same time the European market demanded more channels,
rather than a system with a better performance such as HDTV. The appli-
cation of compression techniques on digital signals allows a dramatic
bandwidth reduction, so that more channels can be created within the
same available bandwidth. An HDTV signal, however, requires more
bandwidth than a normal TV signal. This also applies to the digital
domain. Furthermore, digital transmission allows the application of for-
ward error correction, which results in a better display quality. Hence,
DVB aimed at normal digital wide-screen (16:9) television, rather than
digital HDTV.

It was recognized soon that the development of digital cable and satel-
lite television systems had to be started first, as they presented fewer tech-
nological and legislative problems than terrestrial systems. The market
also demanded that these systems become a priority.

8.3 Project structure

The memorandum of understanding signatories are members of the
General Assembly, which meets on an annual basis. This is the highest
decision-making forum within the DVB project. The General Assembly
has elected a Steering Board, which is small enough to efficiently make
decisions and large enough to represent all DVB members’ different inter-
ests. The Steering Board, which is DVB’s executive committee, is
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supported by approximately 20 subgroups. It was agreed that the steering
board should represent four different interest groups: broadcasters,
manufacturers, telecommunication organizations, and regulatory bodies.
The Steering Board’s seats were assigned as follows:

D Twelve broadcasters;

D Eight manufacturers;

D Eight telecommunications and satellite organizations;
» Six regulatory bodies;

D Representatives from ETSI, the Comité Européen de Normalisation
ELECtrotechnique (CENELEC), and the European Commission
were admitted to the Steering Board as observers.

Meanwhile, there are four modules that report to the Steering Board.
These are the technical module and the commercial modules for cable
and satellite, terrestrial, and interactive services. Below these modules a
large number of subgroups are occupied with detailed (technical) designs.
The actual work on the technical designs is carried out by ad-hoc working
groups and a special reporting group that, in turn, report to the concerned
modules. The ad-hoc group members are specialists from organizations
that are involved in the DVB project. These specialists are occupied in the
following fields:

D CA;

D Regulatory aspects;

» Budgeting;

D Procedure rules;

D Promotion and communication;

» Intellectual property rights.

Figure 8.1 presents the DVB organizational structure [1].

The ad-hoc group on CA has worked on the specification of one

CA system in which the following aspects, among others, play an impor-
tant role:
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D The application of one common crypto system (i.e., common
scrambling algorithm);

D The use of simulcrypt for the realization of encrypted video-
services;

D The establishment of a code of conduct with which encryption pro-
gram suppliers and crypto systems manufacturers have to comply
in respect to their customers (e.g., broadcasters, CATV-network
operators, other suppliers, and each other);

» The specification of one common interface;

» The formulation of recommendations for the necessary flanking
pan-European policy in order to fight piracy.

In addition, several pan-European projects contribute their results to
the technical module in the development of DTV. Within SPECTRE these
are the STERNE and DIAMOND projects. From the RACE program the
dTTb and DIGISMATYV projects contribute. Other contributions are made
by the Scandinavian HD-DIVINE project and, finally, the German HDTV
projects. The status of all these projects is reported to the technical mod-
ule on a regular basis.

The EBU headquarters in Geneva accommodates the DVB Pro-
ject Office. Together with the German Federal Ministry of Communica-
tion, the DVB Project Office takes care of the DVB project’s daily
management. Each DVB member pays an annual contribution to finance
this office.

Additionally, the European Commission financially contributes to
the Euro Image Project. This project helps research laboratories cover
their costs for testing satellite and cable systems for the DVB project. The
testing results are directly reported to the technical module.

8.4 Standardization
process

The three commercial modules formulate user requirements, which have
to be met in order to specify an economically feasible system. Next, these
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requirements have to be translated into technical specifications by the
technical module. The procedure requires that the concerned commercial
module has to approve the technical specification first, before its final
approval by the Steering Board. After the Steering Board’s approval,
these technical specifications are submitted to the relevant standards
body (i.e., ETSI or CENELEC). After adopting the technical specifications,
these bodies turn them into official standards.

Next, the Directive on television Standards [2] obligates the use of
several standards on DTV and CA from officially recognized standardiza-
tion bodies. This forms a very important incentive for parties to partici-
pate in the DVB project, as these parties” interest is to influence the
development of (obligatory) standards. Another important incentive
is the establishment of a European and preferably a world standard,
because the national European markets are often too small to achieve
economies of scale.

8.5 Related
standardization bodies
and groups

Beside the DVB project’s members, various standardization bodies and
other groups are involved in the DVB project. This section describes the
role of these organizations and groups.

8.5.1 International
Telecommunications Union (ITU)

The ITU is the most important standardization organization at a global
level in the field of telecommunications. The ITU can be divided in
three sectors: the radio communication sector (ITU-R), the telecommuni-
cations standardization sector (ITU-T), and the development sector
(ITU-D). Within the ITU-R, two working parties are active: Working Party
10-11/S in the field of satellite systems and Working Party 11/3, which is
occupied with digital terrestrial systems. The latter has appointed a special
reporter to study the future developments of a common digital terrestrial
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system, or common parts thereof. The ITU-T has appointed a special
reporter as well.

8.5.2 ISO/IEC

The International Standardisation Organisation (ISO) and the International
Electrotechnical Commission (IEC) are working at a global level on the stan-
dardization of consumer and industrial equipment. The ISO is a general
standardization organization, while the IEC focuses on the standardiza-
tion of electronic equipment. Due to the overlap between both organiza-
tions in the field of information technology, the Joint Technical Committee 1
(JTC1) was established. JTC1 is charged with standardizing information
technology-related equipment.

A JTC1 sub-group called MPEG has developed a standard for base-
band video compression and a multiplex system for video with VHS qual-
ity (MPEG-1) and audio with CD quality. Next, the high-quality MPEG-2
standard was developed. Due to its flexible and compression character,
this standard plays an important role in DTV broadcasting.

8.5.3 Comité Européen de
Normalisation Electrotechnique
(CENELEC)

The CENELEC is working at a European level on the standardization of
consumer and industrial equipment. This organization incorporates tech-
nical committees in the field of television, radio receivers, CA, and cable
distribution systems. In the past, the CENELEC has standardized a CA
system for MAC/packet services. Hence, it is a suitable organization to
contribute to the standardization of DTV.

8.5.4 European Broadcasting
Union (EBU)

The EBU is an organization of European public broadcasters. Non-
European broadcasters can join the EBU as associate members. The EBU
contains about 50 members and more than 60 associate members from all
over the world. The EBU establishes and publishes recommendations and
standards, which are often considered by the ITU and/or the IEC to be
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turned into world standards. With respect to the DVB project, the EBU
substantially contributes to drafting system requirements, system evalua-
tions, and frequency planning.

8.5.5 EBU/ETSI JTC and
EBU/CENELEC/ETSI JTC

ETSI (European Telecommunications Standards Institute) was estab-
lished by the European Commission to develop standards that can be
implemented in the member states by means of regulations (i.e., Direc-
tives). Parties from all sectors, including regulatory bodies, manufactur-
ers, and broadcasters, are allowed to participate in ETSI. The EBU/ETSI
JTC (Japan Telecom) is responsible for standards on broadcast signals
and point-to-point transmission of broadcast signals (i.e., transmission-
related standards). This committee reports to both the ETSI technical
assembly and the EBU technical committee. The formal approval for each
standard on DTV is processed via the EBU/ETSIJTC according to the ETSI
procedures. The EBU/CENELEC/ETSI JTC is responsible for the guide-
lines and standards concerning source coding and multiplexing, CA, and
interactive services.

8.5.6 DAVIC

January 1994 marked the establishment of the Digital Audio-Video
Council (DAVIC), which has more than 100 members worldwide, among
which is the European Commission’s directorate general XIII B. DAVIC
promotes a common vision on a digital audio-visual world, in which pro-
ducers of digital audio-visual programs can reach as wide an audience as
possible, users have equal access to services, network service providers
can effectively carry out the transport, and manufacturers can supply
hardware and software for a free production of information, the supply of
information streams, and the use of the information itself.

Additionally, DAVIC tries to stimulate the introduction of interac-
tive services by providing the appropriate international specifica-
tions for open interfaces and protocols. Moreover, DAVIC submits these
specifications to the relevant international standardization organizations
and cooperates with these organizations in the standardization process.
If the required specification does not exist, DAVIC contributes to its
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development. In principle, the members” use of these specifications is
voluntary.

8.6 Results DVB project

To prevent the DVB project’s takeover by new technological develop-
ments, it was necessary to plan tightly. Figure 8.2 illustrates the strict pro-
gram that comprised the DVB project’s beginning phase.

The DVB project aims to develop specifications on DTV. The most
important DVB specifications are listed in Table 8.1, which also includes
their application, their official ETSI standard definition, the date on which
they became official standards, and their latest version (status as of
December 22, 1997).

Beside the specifications listed above, DVB has produced several
guidelines, which cover, among other things, the use of MPEG-2 audio-
and video-source coding and multiplexing. Currently, the specifications
of interfaces to plesiochronous digital hierarchy (PDH), synchronous digital
hierarchy (SDH) and asynchronous transfer mode (ATM) networks are in
the final stage of approval in ETSI. Moreover, a multimedia home platform
(MHP) is being developed. The MHP forms the application protocol inter-
face(API) to all different kinds of multimedia applications. Finally,
DVB is working on the transmission of data in DVB bitstreams. This
allows operators to, for example, download software over satellite,
cable, or terrestrial links, to deliver Internet services over broadcast
channels (using IP tunneling) or to provide interactive television.
For this purpose the MPEG-2 DSM-CC (Digital Storage Media—
Command and Control) standard is used to provide the data broadcast-
ing system’s core.

As described in Section 8.5, DAVIC is involved in the DVB project.
DAVIC decided to adopt the DVB transmission specifications. The ITU has
adopted the DVB specifications as well and formalized them in ITU Rec-
ommendations for DTV. It must be noted that no other standards on
DTV were available at that time. Moreover, DVB and DAVIC have
worked closely in developing specifications for interactive services. On
March 18, 1998, ITU-T Study Group 9 approved a standard [3] on trans-
mission systems for interactive cable television services. The standard
includes three annexes addressing the various requirements of European
(i.e., DVB), North American, and Japanese sectors.
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2. Input from DVB target 05/95 (CLC TC ???)
3. Input from DVB target 05/95 (CLC TC 109)

| t.b.d. | To be defined (t.b.d.)

Figure 8.2 Planning DVB project in December 1994. (Source: EBU/ETSI JTC (94) 28.)
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Table 8.1

Digital Television Standards

Digital Video Broadcasting: Technology, Standards, and Regulations

Specification Application Standard Date

DVB-S The satellite system for use in the ETS 300 421 December 1994
11/12-GHz ba.nd, suitable for EN 300 421 August 1997
transponders with various bandwidths
and powers

DVB-C The system for CATV networks, ETS 300 429 pr December 1994
compatible with DVB-S, for 8-MHz EN 300 429 to be published
channels

DVB-CS The system for SMATV for providing ETS 300473 May 1995
CAl EN 300 473 August 1997

DVB-T The terrestrial television system, ETS 300 744 February 1997
compatible with DVB-S and DVB-C, EN 300 744 Aug'ust 1997
applicable to terrestrial 7-8 MHz
channels

DVB-MS The MVDS for f> 10 GHz, compatible ETS 300 748 October 1996
with DVB-S EN300748  August 1997

DVB-MC The microwave multipoint distribution ~ ETS 300 749 April 1997
system for f<10 GHz, compatible with 57300 749 August 1997
DVB-C, for 8-MHz channels

DVB-SI The service information system for ETS 300 468 January 1997
configuration and adjustmem of the DVB PprEN 300 468 to be published
set-top-box to DVB format bitstreams

DVB-TXT The teletext specification for the ETS 300 472 May 1995
transport of standard teletext in DVB EN 300 472 August 1997
bitstreams

DVB-SUB The subtitling system for the display of ~ ETS 300 743 September 1997
graphical objects (e.g., subtitles and
logos) on the television screen

DVB-SIM The technical specification of simulcrypt TS101 197-1 June 1997
in DVB systems; part 1: head-end
architecture and synchronization

DVB-CI The specification of the common EN 50221 February 1997
interface for CA and other applications  (CENELEC)

DVB-NIP The specifications of network ETS 300 802 November 1997
independent protocols for interactive
services

DVB-RCC The specification of interaction channels prETS 300 800  to be published
through CATV networks

DVB-RCT The specification of interaction channels ETS 300 801 August 1997

through PSTN/ISDN
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8.7 Summary and
conclusions

In contrast with earlier initiatives in Europe and the United States, the
DVB project can be characterized as purely market-driven. Strict com-
mercial requirements were established by market parties that partici-
pated in the DVB project. Working to tight time schedules and strict
market requirements allows for the necessary economy of scale to be
achieved. This ensures that, in the transformation of the industry to digi-
tal, broadcasters, manufacturers, and finally, the viewing public will
benefit. The fact that ETSI turned these specifications into official stan-
dards proved to be a powerful second step. Next, the European Commis-
sion and the member states developed the Directive on Television
Standards, which forms an important additional incentive for the estab-
lishment of international standards.

In addition to traditional broadcasting, DVB provides all kinds of addi-
tional services. This not only concerns broadcasting-related services such
as, for example, system information and subtitling, but different types of
interactive (multimedia) services as well. By providing for the latter,
DVB, in fact, entered the telecommunications (policy and regulatory)
domain. Hence, DVB has caused a paradigm shift by combining tradi-
tional broadcasting and telecommunication services.

The adoption of the DVB specifications on the various transmission
systems by DAVIC and the ITU has considerably heightened the possibil-
ity that these DVB specifications will be recognized as world standards.
Moreover, the annexing of the DVB specifications to the ITU standard on
transmission systems for interactive cable television services can be con-
sidered a major milestone in the establishment of international standards
for bidirectional digital cable systems. In view of these achievements, the
DVB project can already be called very successtul.
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9.1 Introduction

The digitization of analog audio and video
signals increases the signals” bandwidth.
The application of source coding results in a
decreased signal bandwidth, and several bit
rates can be selected to support the required
quality of service. Eventually, the digitally
coded signals require less bandwidth than
analog signals, with the same quality. The
most common standards for the digital coding
of audio and video signals are produced by
the ISO/IEC JTC1 SC 29 MPEG. This group
has specified and upgraded several standards
for digital audio-visual coding. In the case of
audio, the current standards are known as
MPEG layer I to layer IV. For digital video
coding, the current standards are referred to
as MPEG-1 to MPEG-4.

This chapter discusses the DVB specifica-
tions for source coding and additional serv-
ices. DVB has decided to make use of the
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MPEG standards for source coding and the multiplexing of audio-visual
signals and has thus produced guidelines (not specifications) for imple-
menting MPEG-2 audio, video, and systems in satellite, cable, and terres-
trial broadcast applications (ETR 154 [1]). These guidelines represent a
minimum functionality that all integrated receiver decoders (IRDs) can either
meet or exceed. The IRDs that meet these minimum functionalities are
called baseline IRDs. All features other than those provided in the guide-
lines are left to the marketplace.

Additionally, DVB has produced specifications for service informa-
tion, teletext systems, and subtitling systems. These specifications are
standardized by ETSI. First, the basic elements of the systems mentioned
above are discussed before explaining the specifications for several
encoding and decoding processes at a functional level. Information con-
cerning the performance of these systems can be obtained from the
ISO/IEC and ETSI standards papers, as referred to in the concerning
sections.

9.2 MPEG-2

The MPEG-2 standard consists of three parts. Two parts concern the audio
and video (source) coding. The other part, referred to as MPEG-2 systems,
provides a standard for the multiplexing of digital audio and video signals.
Section 9.2.1 discusses the basic elements of digital coding.

9.2.1 Elements of digital coding

This section discusses how an analog signal is processed into a digital sig-
nal. To obtain a digital audio or video signal with less bandwidth than the
original analog signal, the concerned analog signal is coded. Accordingly,
Section 9.2.1.2 explains the coding techniques, which make use of the
limitations of human perception.

9.2.1.1 Digitization of analog signals

The sounds of a television show (e.g., the actors” voices) are transformed
into analog signals by means of a microphone. The same process applies to
a camera, which transforms pictures into analog signals. These analog,
audio, and video signals are typically continuous in the time domain.
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An analog-to-digital (A/D) converter is used to obtain a digital repre-
sentation of an analog signal. For the first step of this conversion process,
a sample is taken from the analog signal at discrete points in time. Accord-
ing to the Nyquist theorem, the sample frequency (fs) has to be at least
twice as high as the signal bandwidth (fs > 2B [Hz]). Next, the signal
amplitude of every sample is binary coded with k bits, which means 2k
quantizing levels can be distinguished. Hence, a sequence of binary coded
samples represents the analog signal.

Eventually, the digital signals are converted into analog signals again
by a D/A-converter. After this conversion, the audio and video signals
are transformed into sounds and pictures by loudspeaker(s) and the
cathode-ray tube of the television set, respectively.

9.2.1.2 Digital coding and human perception

The objective of digital source coding is to achieve a better transmission
quality and at the same time, as bandwidth is limited, to allow a reduction
of bandwidth. The latter, which is also known as compression, can be
achieved by reducing either redundant or irrelevant information. The
redundancy of information is a measure of the signal predictability.
The reduction of redundant information requires prior knowledge of the
statistical characteristic of the signal. These redundant parts of informa-
tion are then reduced by the encoder. At the decoder, the original signal is
reconstructed by adding a substitute of the redundant information to the
encoded signal. Additional information is inserted by the encoder to cal-
culate the substitute. However, the predictability of audio signals, such as
speech, is very low. Consequently, a very limited redundancy reduction
can be achieved.

As aresult of the limitations of human hearing with respect to ampli-
tude, time, and frequency spectrum, part of the original information can-
not be noticed and is therefore irrelevant. A psycho-acoustical model
describes the hearing characteristics of the average human being. By
means of this model, it is possible to mask irrelevant information and
only encode relevant information. Hence, a smaller signal bandwidth is
achieved. In contrast with redundancy reduction, the reduction of irrele-
vant information is irreversible. Besides, the irrelevant information can-
not be picked up by the human ear, so there is no need to add a substitute
of this information at the decoder.
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Because human vision, just like human hearing, is limited in ampli-
tude, time, and frequency, irrelevant information can be reduced to
obtain a smaller signal bandwidth. Moreover, the predictability of video
signals (e.g., in the case of static pictures) can be relatively high. This
allows a significant redundancy reduction.

9.2.2 Audio coding

This section explains the relevant MPEG encoding and decoding stan-
dards and discusses the DVB guidelines for the use of these standards.

9.2.2.1 Audio encoding

The DVB guidelines for encoding audio signals are based on the ISO/IEC
IS 1381-3 standard [2]. This standard defines the MPEG layer I and layer
IT coding. The latter provides a higher compression level with remaining
audio quality but is more complex and costs more to implement. Audio
signals coded with MPEG layer II approximates CD-quality and is fre-
quently applied in other audio products worldwide. Both standards make
use of the reduction of irrelevant information—i.e., sounds beyond the
human hearing are not encoded. Figure 9.1 presents a functional descrip-
tion of the MPEG layer I audio encoding system.

The analog audio signal is divided into 32 subbands by a filter
bank. The MPEG-2 standard describes the characteristics of this
filter bank. Next, the signals within the subbands are digitized by a
process of sampling and quantizing. The maximum amplitude of every
12 samples forms a scale factor, which is provided to the input of a psycho-
acoustical model. By means of the scale factor, this model calculates the
required (maximum) quantizing level for each of the 12 samples.

Additional input is provided to the psycho-acoustical model. Parallel
to the division of the audio signal into 32 subbands, the Fourier transfor-
mation for successive parts of the audio signal is calculated. Each part con-
sists of 512 samples. Subsequently, local maximums within the spectrum
of the 512 samples are detected. The value of a local maximum is com-
pared to samples near the local maximum’s frequency. Through this
process it is possible to see whether local maximums are part of the actual
audio signal. If so, the psycho-acoustical model is adjusted to mask the
local maximums as well. The shape of the “mask” together with the bit
rate eventually define the optimal number of quantizing levels. This
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Figure 9.1 Functional description of the MPEG layer I audio
encoding system (mono).

means that the number of bits per sample can vary, thereby allowing a
dynamic reduction of the signal bandwidth.

Finally, the output of the quantizer, the scale factors, and the value of
the number of bits per sample are processed into a bit stream format (see
Figure 9.2). This format includes a header, which contains 12 synchroni-
zation bits and 20 bits for system information. Optionally, the value of the
number of bits per sample and a part of the header can be protected by
means of error correction data (16 bits). The bit stream format allows
additional bits to be included. These bits can, for example, be used to
upgrade the audio system with surround sound.

The MPEG layer I audio encoding system (see Figure 9.3) is compati-
ble with the layer I system. The layer II system supports mono, stereo,
multilingual sound, and surround sound. One of the main differences
between the systems is that the layer II system calculates a scale factor for
every 36 samples. When several spikes in the audio signal occur, one scale
factor for 36 samples may not be sufficient. In this case, for every subband
two or even three scale factors may be required. Depending on the char-
acter of the audio signal, the required number of scale factors can be
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Figure 9.3 Functional description of the of MPEG layer II audio
encoding system (mono).

selected. The value of the number of scale factors is encoded as additional

information.
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Another difference between the systems is that a reduced number of
bits per sample (two or three bits instead of four bits) is used for subbands
located at higher frequencies. In general, the signal energy is considerably
lower at higher frequencies. Hence, less quantizing levels (and thus less
bits) are required to represent that part of the signal. As a result, an even
more dynamic reduction of the signal bandwidth is achieved. Figure 9.4
presents the bit stream format for the MPEG layer II system.

The MPEG from ISO has also defined the layer IIT and layer IV sys-
tems. As Section 9.2.2.3 discusses, DVB has decided to support the layer I
and layer II systems only. Therefore, it is outside the scope of this section
to describe the other systems as well.

9.2.2.2 Audio decoding

The MPEG audio decoding system more or less reverses the encoding pro-
cedure. The audio decoding systems for layer I and layer II are basically
built up the same way (see Figure 9.5). First, the error correction informa-
tion is decoded. Hence, detected bit errors are corrected. By means of the
decoded values of the scale factors together with the decoded value of the
allocated number of bits per sample, the subbands can be reconstructed.
Next, an inverse filter bank assembles these subbands into the original
digital signal. Finally, a D/A converter is needed to provide the required
analog signal to the loudspeaker(s).

24 ms (f, = 48 kHz)

A
\ 4

Error Indication
Header |correction Bit number of| Scale Sample [Additional
(optional) allocation scale factors values data
factors
36 bits 16 bits 2bits/indication 2-18bits/sample
4bits/allocation 6bits/scale factor
or
3bits/allocation
or
6bits/allocation

12 bits: sync signal
20 bits: system information

Figure 9.4 Bit stream format of the MPEG layer Il system (mono).
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Figure 9.5 Functional description of the MPEG layer I and layer II
audio decoding systems (mono).

9.2.2.3 DVB guidelines for audio coding

Because the MPEG of ISO had already defined a sufficient standard for the
digital coding of audio signals and because this standard already was and
still is applied in numerous applications worldwide, DVB has decided to
adopt the MPEG standard rather than specify a new system. As men-
tioned in Section 9.1, DVB has produced guidelines for the implementa-
tion of the MPEG-2 digital audio coding system. The mandatory
guidelines are summarized as follows:

D MPEG-2 layer I and layer II are supported by the IRD;
D The use of layer I is recommended for the encoded bit stream;

» IRDs support single-channel, dual-channel, joint-stereo, stereo,
and the extraction of at least a stereo pair from MPEG-2 compatible
multichannel audio;

» Sampling rates of 32 kHz, 44.1 kHz, and 48 kHz are supported by
IRDs;

» The encoded bit stream does not use emphasis.

For a more detailed explanation of the (mandatory) guidelines, see
the implementation guidelines document.

9.2.3 YVideo coding

This section describes the MPEG-2 video coding standard. This standard
concerns the encoding and decoding of video signals and the several
video qualities it supports. Section 9.2.3.4 discusses the DVB guidelines
for the application of this standard.
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9.2.3.1 Video encoding

The DVB guidelines for encoding video signals conform to the ISO/IEC IS
13818-2 standard [3]. This standard describes MPEG-2 video coding,
which is applied typically in television studios and broadcasting. MPEG-2
makes use of redundancy reduction. The main reasons for DVB to adopt
the work of MPEG are that it supports several video qualities up to HDTV
programs and that it features high flexibility. Figure 9.6 presents a func-
tional description of the MPEG-2 encoder.

In principle, the encoding system reduces the bandwidth by subtract-
ing successive parts of the digital video signal. In case these successive
parts are equal (e.g., the television screen is only showing one color), no
information is encoded. At the decoder the subtracted information is
added to the next part of the signal again to reconstruct the complete digi-
tal video signal. The MPEG-2 standard prescribes a subtraction taking
place at the same frequency as that at which a picture on the television
screen is updated.

At the input of the encoder, successive groups of digital video infor-
mation are reordered in order to benefit from the equality of succes-
sive groups of information. This process is followed by a discrete cosine

Feedback|«

Quantizing unit
factor
Y
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i - Redun-
> ofvideo 3 [F por | 0 dancy | MUX [ Buffer
groups A- reduction| 3|
\4
Motion Inv[Q]
estimator
Inv[DCT]
» [+
Video
memory
aqd Motion
predictor vectors

Figure 9.6 Functional description of the MPEG-2 video encoding
system.
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transformation (DCT). The DCT not only maps the video signal into the fre-
quency domain, but the division of the amplitudes in the frequency
domain shows less correlation as well. Next, the signal is quantized (eight
bits), after which redundancy reduction by means of a Huffman code is
applied.

The feedback circuit includes a video memory and a predictor. The
video memory introduces a time delay to enable the subtraction of suc-
cessive parts of the signal with a fixed length. The predictor is supported
by a motion estimator, which produces motion vectors as an output. A
motion vector indicates in which direction an object displayed on the
television screen is moving.

A buffer is used to ensure a constant bit rate at the output of the
decoder. In case the buffer suffers from an overload, the number of quan-
tizing levels is decreased. Hence, the buffer will be provided with less data.
The feedback from the buffer to the quantizer is represented by a quantiz-
ing factor, which allows an efficient use of the buffer. By providing the
motion vectors, the output of the redundancy reduction, and the quantiz-
ing factors to a multiplexer, the decoder is able to reverse the encoding
process.

9.2.3.2 Video decoding

The decoder basically reverses the encoding process. Figure 9.7 presents a
functional description of the MPEG-2 decoder.

The encoded digital video signal with constant bit rate is to provide a
buffer. The bit stream at the output of the buffer has the required variable
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and
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Figure 9.7 Functional description of the MPEG-2 video decoding
system.
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bit rate, which, on its turn, is provided to a demultiplexer. The demulti-
plexer separates the information concerning the quantizing factors and
motion vectors from the actual video information. Next, in the process of
redundancy reduction, the quantizing process (by means of the appropri-
ate quantizing factors) and the DCT are reversed. The following step is the
addition of the predicted video signal to the current video signal. The pre-
diction process is supported by the motion vectors, which were included
at the encoder. Finally, the groups of video information are reshuffled in
the right order again.

By including a quantizer in the coding system, quantizing errors and
thus a higher bit error rate may occur. This can result in a noisy picture on
the television screen. In case the transmission of the digital video signal
suffers from interference as well (e.g., in satellite or terrestrial broadcast-
ing), no picture may be displayed on the television screen at all. To make
the coding system more flexible, a signal-to-noise ratio (SNR) scalability is
added to the system. SNR scalability introduces the ability to separate
high-priority and low-priority bit streams. In case the bit error rate
exceeds a certain threshold, only the high priority bits are provided to the
output. This results in a picture on the television screen with an accept-
able level of noise.

MPEG-2 also provides spatial scalability. In this case it is possible to
optimize the resolution of the picture on the television screen. This is
achieved by processing a digital video signal with a high resolution, as
well as with a basic resolution. The output of the decoder provides the sig-
nal with basic resolution when the bit error rate is too high. The use of
spatial scalability enables the compatibility with HDTV systems.

9.2.3.3 Levels and profiles

MPEG-2 is a family of standards consisting of a number of combinations
of “levels” and “profiles.” For source coding four data formats (levels)
varying from low-definition television (similar to the quality of home
VCRs), standard-definition television (comparable with PAL, SECAM,
and NTSC quality), enhanced-definition television (ITU-R BT.601), and
HDTV are used. Different bit rates apply to each of these levels. The levels
are listed as follows.

» The low level contains a quarter of the picture’s input-format,
which is defined by ITU-R Recommendation BT.601;



1580 Digital Video Broadcasting: Technology, Standards, and Regulations

D Next, the main level complies with the input-format defined by
ITU-R Recommendation BT.601;

D Next, the high-1440 level has a high-definition format with
1,440 samples/line;

d Finally, the high level has a high-definition format with
1,920 samples/line;

Additionally, MPEG-2 has defined five different profiles. Each profile
contains its own set of compression tools, which all together form the
actual coding system. The profiles are designed in such a way, that each
profile adds several extra tools to the preceding profile. This implies that
each profile contains more features than the preceding one and will cost
more. The profiles are the following:

» The simple profile has the smallest number of tools;

» The main profile includes the simple profile’s tools plus one (bidi-
rectional prediction). This improves the quality at the same bit rate
but requires more space for an IC device. A main profile-decoder
can decode information at simple profile, as well as at main profile.
This demonstrates the strength of the system;

» The two following profiles are the SNR scalable profile and the spa-
tial scalable profile. By means of these two profiles a base layer and
“top-up” signals can be distinguished. The top-up signals can either
improve the SNR scalability or the resolution (spatial scalability),
respectively;

The first four profiles sequentially encode the color difference signals;

» Finally, the high profile contains all the preceding profiles” tools
plus the ability to simultaneously encode the color difference sig-
nals. This makes MPEG-2 a kind of “super system” designed for the
most critical circumstances at which a high bit rate is not the limit-
ing factor.

Because not all combinations of levels and profiles were considered to
be necessary, 11 out of 20 combinations were selected by MPEG. These
11 combinations are referred to as the MPEG-2 conformance points.
Table 9.1 presents an overview.
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Table 9.1
MPEG-2 Levels and Profiles

Profiles Low-Level Main-Level High-1440 Level High-Level
Simple — 720 x 576 — -
(15 Mbps)
Main 352 % 288 720 x 516 1,440x 1152 1,920 x 1,152
(4 Mbps) (15 Mbps) (60 Mbps) (80 Mbps)
SNR 352 % 288 720 x 516 — —

scalable (4 or 3 Mbps) (15 or 10 Mbps)

Spatial — — 1,440 x 1,152 or —
scalable 720 % 576
(60 or 40.15 Mbps)
High — 720 x 576 or 1,440 x 1,152 or 1,920 x 1,152 or
352 x 288 720 x 516 960 x 576

(20 or 15.40 Mbps) (80 or 60.20 Mbps) (100 or 80.25 Mbps)

9.2.3.4 DVB guidelines for video coding

DVB has produced guidelines (ETR 154) for the use of the MPEG-2 digital
video coding system. A summary of the mandatory guidelines is pre-
sented as follows:

MPEG-2 main profile at main level (MP@ML) is used;
The frame rate is 25 Hz;
Encoded pictures may have either4:3, 16:9, or 2.21:1 aspect ratios;

IRDs (integrated receiver decoder) support 4:3 and 16:9 and optionally
2.21:1 aspect ratios;

IRDs support the use of pan vectors to allow a 4:3 monitor to give a
tull-screen display of a 16:9 coded picture;

IRDs support a full-screen display of 720 x 576 pixels (and a nomi-
nal full-screen display of 704 x 576 pixels);

IRDs provide appropriate up-conversion to produce a full-screen
display of 544 x 576 pixels and 480 x 576 pixels and a nominal full-
screen display of 352 x 288 pixels.
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For a more detailed explanation of the (mandatory) guidelines, see
the implementation guidelines document.

ISO has also produced specifications for MPEG-3 and MPEG-4 digital
coding systems. As DVB has decided to use MPEG-2, it is outside the scope
of this section to describe the other systems as well.

9.2.4 Systems

The MPEG coded audio and video signals have to be transmitted in a com-
prehensive way. The MPEG-2 systems standard provides a multiplex and
the addition of the required synchronization information. This section
describes the MPEG-2 systems standard, as well as the DVB guidelines for
its application.

9.2.4.1 Multiplex

Television programs technically consist of three elements: audio and
video information as well as additional information to support these pro-
grams. These elements have to be provided to the IRD in an orderly way.
For this purpose MPEG-2 has defined a standard [4], referred to as the
MPEG-2 systems. This standard describes the multiplexing of the (MPEG)
encoded audio signal, the (MPEG) encoded video signal, and the required
additional information. Figure 9.8 presents a functional representation of
the MPEG-2 systems.

The encoded audio signal is provided to a packetizer, which produces
a stream of standardized packets, each including a header, an additional
header (optional), and encoded audio information. This stream is called
the packetized elementary stream (PES). As it concerns an audio signal, this
PES is referred to as the audio PES. The same process applies to the
encoded video signal and the additional data. Next, these three PESs are
provided to a multiplexer. The multiplexer eventually produces a stan-
dardized data stream, including a header, an adaptation field (optional),
and a payload including the information from the several PESs. This
stream is referred to as the transport stream (TS).

The MPEG-2 system also provides a multiplex to produce a program
stream (PS). One of the differences between the TS and PS multiplexes is
that the former allows the use of different time bases. Another difference
is that the packets within the TS have a fixed length (188-byte), while a
variable packet length is allowed in the PS. Finally, the TS is suitable for
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Figure 9.8 Functional representation of the MPEG-2 systems.

channels that suffer from a considerable level of interference (e.g., satel-
lite channels). The PS is used for channels with low interference (e.g.,
storage of information on compact disks). For this reason it is preferable to
use the TS for satellite, cable, and terrestrial channels, rather than the PS.

9.2.4.2 Synchronization

End-to-end synchronization of audio, video, and additional informa-
tion is needed. Not only do the individual audio and video signals need to
be synchronized, but both video signals and associated audio have
to be synchronized as well. For example, the voices of the actors have to
comply with the picture on the television screen. As mentioned in
Section 9.2.4.1, two types of information streams are used: the TS and the
PES. The data formats of both streams are presented in more detail in
Figure 9.9.

Each TS packet’s header contains a sync byte and a packet ID. The lat-
ter indicates what kind of program the payload contains (e.g., a pay-TV
program). Optionally, synchronization of video signals and associated
audio (i.e., the synchronization of the video PESs and the audio PESs) can
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Figure 9.9 Data format of the TS and the PES.

be achieved by including an adaptation field in the TS packet. The adapta-
tion field contains, among other things, a program clock reference (PCR). At
the receiving end, the PCR is extracted from the TS and compared with
the system time clock (STC) by means of a feedback circuit. This allows the
regeneration of the clock signal, which is used for the synchronization of
the decoding process.

Each audio and video PES packet contains a header, including bits
concerning the start code, the stream ID, and the packet length. Option-
ally, a PES packet can contain information for the synchronization of the
individual audio and video signals. For this purpose a decoding time stamp
(DTS) and a presentation time stamp (PTS) can be included in an additional
header.

The PTS is needed to ensure that the audio and video signals are pro-
vided to the loudspeaker(s) and the television screen, respectively, at the
right time. The DTS indicates when the received data has to be loaded
from a buffer into the audio or video decoder.

9.2.4.3 DVB guidelines for systems

DVB has produced guidelines (ETR 154) for the use of the MPEG-2 sys-
tems. A summary of the mandatory guidelines is presented as follows.
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» MPEG-2 TS is used;

D Service information (SI) is based on MPEG-2 program-specific informa-
tion (PSI), see Section 9.3;

» Scrambling is as defined in ETR 289;
» CA uses the MPEG-2 CA CA_descriptor;

D Partial transport streams are used for digital VCR applications.

For a more detailed explanation of the (mandatory) guidelines, see
the implementations guidelines document.

9.3 DVB service
information

This section discusses the SI that is included in the MPEG-2 standard as
well as the mandatory and optional service information specified by DVB.

9.3.1 Service information

The MPEG-2 systems standard specifies SI data to enable automatic con-
figuration of the IRD to demultiplex and decode the various streams of
programs within the multiplex. This data is referred to by MPEG-2 as PSI.
DVB has specified additional SI (ETS 300 468 [5]) to complement the PSI
by providing data to aid automatic tuning of IRDs and additional data
intended for display to the user.

SI data, which forms a part of DVB bit streams, provides the user with
information to assist in selection of services and/or events. An event is a
grouping of elementary broadcast data streams with a defined start and
end time belonging to a common service, such as the first quarter of a bas-
ketball game or a commercial. The specifications define that the IRD can
automatically configure itself for the selected service. Moreover, SI can be
used for VCR applications. As DVB did not specify the manner of present-
ing information on the television screen, manufacturers in this case have
a freedom of choice in presentation methods.

A recent development in DTV is the introduction of electronic program
guides (EPGs). The definition of an EPG was considered outside DVB’s
scope. However, the specified data contained within the ST may be used as
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a basis for an EPG. This introduces another freedom of choice to the
marketplace.

As stated earlier, the MPEG-2 systems standard specifies PSI. Both
MPEG-2-defined PSI and DVB-defined SI (mandatory and optional) are
discussed as SI in their entirety.

9.3.2 MPEG-2 defined service
information

The MPEG-2 PSI data is structured as four distinct tables. The first table,
called the program association table (PAT), indicates the packet ID values of
the TS packets for each service in the multiplex. These values indicate the
location of the corresponding program map table (PMT). The PMT identi-
fies and indicates the locations of the streams that make up each service
and the location of the PCR fields for a service. Additionally, the PMT
gives the location of the network information table (NIT). The location of the
NIT s defined by DVB in compliance with the MPEG-2 systems standard. For
this reason, this NIT actually isnot considered part of the MPEG-2 PSI data.

Finally, the CA table (CAT) provides the information on the CAMS
used in the multiplex. As DVB has decided not to standardize the CAMS,
different CAMSs may be used. Moreover, this information is private. For
these reasons, the CAT is not specified. However, the CAT at least includes
the location of the entitlement management messages (EMMs) stream, when
applicable. The EMMs are private CA data that specify the authorization
levels or the services of specific IRDs. They may be addressed to an indi-
vidual IRD or to groups of IRDs.

9.3.3 DVB-defined service
information (mandatory)

In addition to the NIT mentioned in Section 9.3.2, DVB has specified
seven more tables, of which three are mandatory and four are optional
[6]. The SI is needed to provide the identification of services and events
for the user. The PSI (program specific information) (PAT, PMT, and CAT)
only gives information concerning the multiplex in which it is contained.
The additional SI can be used to provide information on services and
events carried by different multiplexes, as well as on other networks.
The first additional table is defined as the service description table (SDT)
and contains data describing, for example, the names and provider of
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services in the system. Next, the event information table (EIT) contains data
related to events or programs such as the duration, the start time, or the
event name. Moreover, the EIT allows the transmission of different kinds
of event information. The table, referred to as the time and date table (TDT),
gives information relating to the present time and date. Because of the
frequent updating of this information, the TDT is defined as a separate
table.

9.3.4 DVB-defined service
information (optional)

The NIT of other delivery systems and the SDT and EIT of other TSs can be
defined but are not really considered optional. The first option is formed
by the bouquet association table (BAT). The term bouquet is used to describe
a collection of services marketed as a single entity. The BAT provides a list
of services for each bouquet as well as the bouquet’s name. Second, the
running status table (RST) provides data concerning the (running or not
running) status of an event. Additionally, it updates this information and
allows timely automatic switching to events. Next, the stuffing table (ST) is
used to invalidate existing sections. A section is a syntactic structure,
which is used for mapping all MPEG-2 PSI tables and DVB defined
SItables into TS Packets. Finally, the time offset table (TOT) provides infor-
mation concerning the present time and data and local time offset. Due to
the frequent updating of the time information, the TOT is defined as a
separate table. Table 9.2 presents an overview of all SI tables.

Table 9.2
Service Information

MPEG-2 PSI DVB SI (Mandatory) DVB SI (Optional)
Network information PAT NIT NIT'
Bouquet information CAT — BAT
Service description PMT SDT SDT**
Event information — EIT EIT**
Running status — TDT RST
Stuffing — — ST
Time offset — — TOT

* Other delivery system.
** Other TS.
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For the allocation of the SI codes for DVB systems, the technical speci-
fications in the standard document, as well as the concerning require-
ments document, [7] can be consulted.

9.4 DVB teletext

This section discusses the background and basic elements of teletext and
explains the DVB teletext system itself.

9.4.1 Elements of teletext

The first teletext systems were introduced in the United Kingdom by the
BBC (Ceefax) and IBA-ITV (Oracle) in the 1970s [8]. The first agreed
technical specification appeared in 1974, after which several systems with
different specifications were developed. A teletext system is used as a
value-added service, carrying extra information via television transmis-
sion systems. The teletext information is accommodated within the tele-
vision signal. In fact, it is included in that part of the video information
that is not visibly displayed on the television screen. Hence, no additional
bandwidth is required.

A television set including a teletext decoder is capable of reconstruct-
ing written information and displaying it on the screen. The teletext
information is often presented as a page. The teletext system supports a
maximum of 800 single pages, of which not all may be used at any one
time. The user can access a page by just selecting a three-figure number
on a control panel. Next, the information related to the selected page is
extracted from the incoming video information flow. After this short
interval, the teletext information is presented on the screen. A rich
amount of information services can be supported (e.g., weather forecast,
travel information, stock exchange, and electronic newspaper). Moreo-
ver, these systems can supplement normal television programs with
linked pages or even subtitles.

9.4.2 DYVB teletext system

The ITU has specified a standard [9] for teletext systems. T