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In this article, the Authors provide a
progress report on the world-wide
studies of digital terrestrial television
broadcasting, carried out by ITU-R
Task Group 11/3.

The final meeting of Task Group 11/3,
held in Sydney during November
1996, was highly productive and

lems. Arguably, the most difficult technical envi-
ronment exists in terrestrial broadcasting. Yet at
the same time, it may be the most important means
of delivery for digital television for very many
years to come.

extremely successful. International
agreements — defining a complete
digital terrestrial broadcasting system
— were finalized. The Reports and
Recommendations (standards) have
now been forwarded to the parent
bodies of Task Group 11/3 for formal
approval, which is expected later this
year (1997).

Today, terrestrial broadcasting forms the bedrock
of television services throughout the world and
there is a massive investment in it by both broad-
casters and the public. One of the greatest techni-
cal challenges facing the broadcasting community
world-wide has been to develop cost-effective
solutions for digital terrestrial television broad-
casting. For those who have already made the in-
vestment iranalogue terrestrial broadcasting, dig-
ital terrestrial delivery will probably be the least
expensive infrastructure to implement for digital
broadcasting. It also offers other attractive attri-
butes such as the ability to localize services and to
add new data services.

mmm 1. Introduction The rewards for the development of a digital ter-

restrial system are clear and evident. The ITU’s

Broadcasting is on the threshold of the great tranRadiocommunications Sector (ITU-R) — which

sition from analogue to digital. Eventually, all seeks world-wide standards for all broadcasting

delivery means will be fully digital — whether sat- systems — was inevitably motivated to set up the

ellite, cable, MMDS or terrestrial. Each delivery infrastructure to achieve agreement on world-wide Original language: English

system brings its own circumstances and probstandards for digital terrestrial television broad- manuscript received 21/1/97.
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Figure 1
The DTTB system
model.
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casting (DTTB), when the need to do so becamd/r Stanley Baron (USA), it met for the first time
clear. in Geneva on 14-18 December 1992. The meeting

was attended by more than 115 delegates repre-
In the early part of the decade, the ITU establishedenting 43 Administrations, international organi-
a Task Group — TG 11/3 — to examine and agree omations, and scientific/industrial organizations.

the totality of issues associated with DTTB: Prior to the meeting, the Task Group Chairman,
_ working with five Special Rapporteurs — Mefiry
— planning; Long (United Kingdom), Mr Osamu Yamada (Ja-

pan), Mr Thomas Ryden (Sweden), Mr Richard
Barton (Australia) and Mr David Wood (EBU) —
vision coding; generated an Outline of Work [2] and developed a
guide for Administrations and other organizations
who were preparing documents for consideration
data coding, etc. by the Task Groubp

systems;

sound coding;

The work of TG 11/3 was completed successfully
in November 1996. This article presents a bricf™ 3.  DTTB model

review of its work and achievements. . . . .
ements The Outline of Work provided a list of issues

which the Task Group should consider when pre-
mmm 2. Establishment of Task paring its Recommendations. The document also

Group 11/3

1. Four of these individuals served as Special Rapporteurs

. for the life of Task Group 11/3. During 1993, Myden
ITU-R Task Group 11/3 was charged in January  pecame Chair of ITU-R Task Group 10/3 and was re-

1992 with developing specifications for digital placed as Special Rapporteur for Source Coding by Mr
terrestrial television broadcasting [1]. Chaired by  Brian Roberts (New Zealand).

Planning factors and receiver characteristics
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presented (i) a set of draft Recommendations fom  3.1. Source coding

consideration and (ii) an outline of a report (or_ o .
several reports) to be generated either as Annexddlis subsystem encompasses the initial coding
to Recommendations proposed by the Subgroup§?eth0ds or compression systems which are de-

as Reports to carry the work of the Subgroups forsigned to reduce the data-rate created when
ward, or in the form of a tutorial Report. images are represented by a sequence of values of

individual picture samples, or when sound is rep-

The Outline of Work also included a model of arésented by digital audio samples. Source coding
digital terrestrial television broadcasting sys-may also include error protection techniques that
tem (seeFig. 1). The model was divided into are appropriate for direct application to the video,
four areas of interest (subsystems) and sub-Taskudio and ancillary digital data-streams.

Groups were assigned to develop the required

Recommendations and Reports, in each case usPurce coding involves processes that reduce the
ing this model as the basis of their investiga-data-rate of the bitstream — containing the image,
tions. sound or ancillary data information — in such a

way as to be able to recreate a representation of
The four subsystems (or elements) of the moddhe original source at the receiving point without

were as follows: noticeable or unacceptable degradation. The
term “ancillary data” refers to control data, in-
— source coding and compression; cluding conditional access, or to data associated

with the programme audio and video services —
such as closed captioning. Ancillary data can
physical layer, also refer to independent programme services.

. . _ The purpose of the coder is to convert the audio
planning factors and implementation strate-yq yideo into data, and to minimize the number

gies. of bits needed to represent the information.

service multiplex and transport;

B 32 Service multiplex and

Abbreviations
transport

8-VSB  Eight-vestigial sideband
This element refers to the container that is used to

ATM AU IS S carry the data. Usually, the digital datastream is

ATSC  Advanced Television Systems divided into “packets” of information and, thus, a
Committee (USA) means of uniquely identifying each packet must

DTTB  Digital terrestrial television broad- be provided. This subsystem also defines the
casting appropriate methods of multiplexing the video

datastream packets, the audio datastream packets,

DVB Digital Video Broadcastin : . .
9! ! e and the ancillary datastream packets into a single

HDTV  High-definition television datastream to construct a single programme.
IEC International Electrotechnical Multiplexing also enables different programme
Commission datastreams to be combined within a single broad-
1SO International Standards casting _channel for simultaneous delivery. _In
Organisation developing an appropriate transport mechanism,
) o interoperability between digital media such as ter-
I B‘;?éﬁatéo;dai‘gﬁLﬁ%’lm’izgggcﬁgoegtor restrial broadcasting, cable distribution, satellite
' distribution, recording media and computer inter-
MMDS  Multipoint microwave distribution faces must be a prime consideration.
system
MP@14 Main Profile at 1440 Level The joint ISO/IEC standards body — the Moving

: , ; Picture Experts Group — has developed a set of
WAL e PRl et i Leve) specifications, MPEG-2 [3], for the coding and
MP@ML Main Profile at Main Level multiplexing of (interlaced or progressively-
scanned) video, audio and data signals. These

MPEG  Moving Picture Experts Group e e : >
specifications can be appliéuter alia to digital

OFDM  Orthogonal frequency division broadcasting systems [4]
multiplex '
SC@14 Spatially Scaleable Profile at The MPEG-2 standard was developed for “broad-
1440 Level cast-quality” television applications, in which the
SDTV  Standard-definition television available channel bandwidth or recording media

capacity is relatively limited. The MPEG-2 Trans-
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Table 1
Recommendations
and Reports of ITU-R
Task Group 11/3.

14

port Stream was also designed to be compatible the characteristics of the transmission media
with the ATM transport mechanism. and the receivers;

The MPEG-2 Transport Stream takes the resulting _the strategies th_at are appropriate for the
compressed datastream and adds additional INtroduction and implementation of a DTTB
information that can be used by the receiver to _serwce,.taklng into account existing broadcast-
recognize and reconstruct the images, sound and 'NY Services.

ancillary data from the transmitted signal. The
channel coder module includes mechanisms b
which additional data are added to the multiplexe
datastream to provide protection against loss of
the signal. The characteristics of the channel
coder are selected to support the modulatior set of ITU-R Recommendations has been devel-
scheme and the medium through which the dat@pedfor DTTB and is found ifable | They pro-
must be transported. vide for the following:

4. ITU-R Recommendations
for DTTB

B 33 Physical Layer B 4.1. Video coding
This element refers to the means of using therhe MPEG-2 video-encoding profile/level com-

digital datastream information to modulate thepjinations available as “conformance points” have
transmitted signal. Modulation is a mechanismpeen reduced to two.

whereby the protected datastream is imposed on
one or more carrier signals for transmission_l.hese o profiles/levels are:
These transmission systems are referred to as P '

single-carrier and multiple-carrier schemes, re-_ Main Profile at Main Level (MP@ML) which
spectively. defines standard-definition digital television
(SDTV) services;

— Main Profile @ High Level (MP@HL) which
provides for both HDTV services and SDTV
services.

B 34. Planning factors and

implementation strategies

Two considerations are included in this element:

Area of interest ITU-R document number Title

Report (11/4) A Guide to DTTB in the VHF/UHF Bands

Overall system
Draft new Rec. (11/2) The Basic Elements of a Worldwide Family of

Common Systems for DTTB

Video coding and
compression

Rec. BT.1208, (11/6) Video Coding for DTTB

Audio coding and Audio Coding for DTTB

compression

Rec. BS.1196 (11/6)

Rec. BT.1209,(11/8) Service Multiplex Methods for DTTB

Service multiplex and
transport

Draft new Rec. (11/48) [XXE]

Service Multiplex, Transport,and Identification
Methods for DTTB

Draft new Rec. (11/5)

Data Services in DTTB

Rec. BT.1207, (11/7)

Data Access Methods for DTTB

Draft new Rec (11A/58) [XXH]

Conditional Access Methods for DTTB

Physical layer

Draft new Rec (11/49) [XXD]

Error Correction, Data Framing, Modulation and
Emission Methods in DTTB

Rec. BT.1206

Spectrum Shaping Limits for DTTB

Draft new Rec. (11-3/78) [XXK]

Performance of DTTB Emission Equipment

Draft new Rec. (11-3/78) [XYZ]

Planning Factors Criteria

Report (11/47)

DTTB Service Coverage and Field Trials

Report (11/46)

Planning Factors and Implementation Strategy
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The MP@HL combination allows scanning for- manufacturersThe existence of decoders capable

mats of up to 1152 active lines and 1920 activeof decoding the entire set of audio tools defined in

samples-per-line with interlace scanning. TherdTU-R BS.1196 would also satisfy the call for

is an MPEG-2 ceiling on the luminance sample-consumer receivers that are usable world-wide.

rate for this combination, which means that a pro-

gressively-scanned version of this format is nowm 4.3, Transport level

allowed at 50 Hz and 60 Hz frame rates, although

progressively-scanned versions of the formatdhe service multiplex and transport system that

with lower line numbers (such as 720) and atorovides the foundation for, and defines, the

lower frame-rates (such as 24, 25 and 30 Hz) arBTTB system is a subset of the MPEG-2 set. Itis

allowed up to the ceiling on sample-rates. defined in ITU-R Draft new Recommendation
(11/48) [XXE].

The number of profile/level combinations, and

the specific combinations which must be in- The assignments of packet identification, as de-

receivers and on the cost of providing pro-and the DVB standards, was harmonized to avoid
gramme content. the possibility of decoder mis-interpretation.
Systems which conform to the subset of the

Agreement was achievemt to include the Main MPEG-2 transport defined in Rec. [XXE], in-
Profile at 1440 Level (MP@14) and the SpatiaIIyC|Ud'”9 the use of the Descriptor Tags and Table
Scalable Profile at 1440 Level (SC@14) at pres!D assignments, would allow the development of
ent. The MP@14 Spatially Scalable profile/leveldeCOders, cap_able of decoding the entire set of
had been considered for use in the DVB project!00!s defined in Rec. [XXE]. Such decoders do

but is no longer being pursued because their cosflOt Yet exist, but their development has been
benefit analysis showed it not to be worthwhile.M2de possible by the decisions taken at the final

MP@HL is the highest MPEG-2 profile/level meeting of Task Group 11/3. When available,

combination available, and can accommodate a@hese decoders will also satisfy the requirement
lower non-scaleable layers or unique global broadcasting systems which

lead to universal “plug-and-play” consumer ap-

The set of DTTB video subsystem tools are dePances:

fined in ITU-R BT.1208 and allow content The ATSC standard (A/57) defines a content num-

producers to provide programming in conven-p, . . ;

. ) ; ering system which will allow content producers
wogggg'ﬁ;%ﬁs ’ d?aré(cj) di?;r\é;o;mbfgssf gég%lg_to keep track of their programmes. It is an exten-
ing the complete set of toolé deained in ITU-R sion fo the MPEG syntax and complements it

9 P This addition to the MPEG syntax was adopted

O, ey e A 0 COCeuring he i eting of TG 1113 1 Syciney ang
incorporated in Rec. [XXE].

and chip sets are already provided by many

manufacturers. .
B 4.4. Physical layer

Single-chip MPEG-2 MP@HL decoders haveThe Recommendations concerning the DTTB
now been developed but the chip sets are not ygfysical layer (channel coding and modulation
available on the market. When available, theyscheme) are defined in Draft new Recommenda-
Willlbe cgpable of decoding the entire set pf tools;jgn (11/49) [XXD] and take into consideration
defined in ITU-R. BT.1208, hence satisfying thethe existing 6, 7 and 8 MHz allocation of channel
call from the World Broadcasting Unions for a a5signments and the need to accommodate differ-
DTTB system which provides for consumer re-jng environments and planning factors. The set of

ceivers that are usable world-wide. ITU-R Recommendations and Reports can be
viewed as providing a compatible system solution
4.2, Audio coding for DTTB within the practical physical limitations

of the current environment of different world-
The set of DTTB audio subsystem tools are dewide channel assignments.
fined in ITU-R BS.1196 and allow content pro-
ducers to choose between both the MPEG audibBraft new Recommendation (11/49) [XXD] pro-
compressiosystem and the AC-3 non-backward- vides for 8-VSB where a single-carrier modula-
compatible compression and coding tools. Detion technique must be employed, and OFDM
coders capable of decoding the complete set ofkhere a multi-carrier modulation technique is
tools defined in ITU-R BS.1196 already exist, andneeded. The development of two modulation
chip sets have been announced by severakchniques has arisen because there are several
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environments which have different local channelstream after demodulation in the receiver, which
bandwidths (6, 7 or 8 MHz) and differing local simplifies the complexity of the consumer receiv-
planning factors (e.g. frequency congestion).  er appliance.

The 8-VSB solution is simpler, but it is less able toms® 6, HDTV production

cope with severe multipath conditions than

OFEDM and it cannot be used with SENs EaChDuring the final meeting of TG 11/3, several or-
system is appropriate for its particular environ-9anizations who aperate in a 50 Hz environment

ment. The frequency planning environment indave support to the consideration of a 1Q80-Iine
Japan is arguably one of the most difficult in the DTV scanning system (one of the scanning for-
world, and here it may even be necessary to use ats in the ATSC digital terrestrial standard) as

further segmented form of OFDM. This will be the future basis of international agreement on an

determined from studies which are currently be-?ETV stangatrhd tfor pr)]rogramme mttircharl\(gj]eb
ing carried out in Japan. ey argued that such an agreement would be

beneficial to content producers who have global
market concerns. The 720-line progressive-
: ” scanning format (also one of the ATSC scanning
-5 Mu/t/.— programme cap ‘?‘b”’ty formats) was thought to be relatively close in per-
and /nteroperablllty with formance to the progressive-scanning versions of
other media the 625-line standard, and thus to offer no signifi-
cant advantage. The 1080-line standard exists in

both 50 Hz and 60 Hz versions, is compatible

compressed digital television systems offer the i o4 frames-per-second film, and provides for
prospect of considerable improvements in p'Ctur%quare pixels in its progressive form. This im-

qualityb_whillez alzolinjprovingbspectrgm u(;ililga- portant debate on the standardization of an
tion. Digital moculation can be used to delivernTy production format will continue in the

multiple, - digitally-compressed SDTV  pro- 1y \whatever the outcome, the DTTB system
grammes in a single broa}dca}st channel, or HDT ill be able to deliver the format to the viewer.
services, or other combinations. A trade-off is

involved between picture quality and the number
of programmes carried in the transmission chan- 7. Future developments
nel. The digitally-compressed television signalsAt its final meeting in Sydney, the Task Group
can be accompanied by digital high-quality souncconsideredhe prospects for the continuation of its
— monophonic, stereophonic or surround-sound work. All standards are inevitably subject to re-
conditional access information and ancillary datafinementand development, and this will be no less
channels. the case for the DTTB system. The members ex-
pect inprovements to be of an evolutionary nature
Task Group 11/3 paid particular attention torather than revolutionary, so that consumers are
constructing a digital architecture that could ac-not disenfranchised.

commodatéoth HDTV and SDTV services in th%,’:urther, the Task Group expects that the employ-

|.ment of digital compression technology, and the
availability of receiver displays supported by a
frame-store memory, will eventually enable dif-
ferent tenporal rates (50 or 60 Hz, and the various

The approach taken provides harmonization befates employed by computer displays), as well as

tween services by using a unified common meth-__ ) .
od of video and a{IdiO s%urce coding and a unifie patl_al dlsplay scanning structgre_s, Fo become
9 ossible. This will lead to a point in time when

Eg;g?ggo?/iﬂ?v(\:/i ;nulltig%n?gdegggsszzrstétsgsrcontent producers can choose a structure that is
’ PP P ppropriate for the programme content, and con-

defined: System A and System B. Decoders th umernreceivers will be able to reproduce that con-

;::;S:Birpret either subset from the datastream at&nt without the requirement for prior conversion

at a production or distribution point. This capabil-

ity already resides in computer-based systems and

The unified transport datastream is provided withg provided for in the ITU's DTTB system Recom-
a framing structure, an error protection mecha,andations.

nism,and a modulation scheme which is appropri-
ate to the distribution media. The common trans:
port is seen as a “container” which facilitates the
interoperability of the signal through different de- Task Group 11/3 has produced a set of Recom-
livery media. This results in a common data-mendations and Reports that define a rational

When compared with analogue transmission

would be interoperable with cable delivery, sate
lite broadcasting and digital recording media.

8. Conclusions
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common set of elements for DTTB. There arecompression and coding layers, for any system
different frequency-planning and spectrum-avail-that conforms to the DTTB set of Recommenda-
ability environments in the world, and the propos-tions. This can establish a “plug-and-play” envi-
als had to take account of this, together with theonment for the consumer without the need to
need for maximum commonality, as well as com-consider the specific subset used, and without
monality with other digital television delivery precluding those manufacturers who makes less
systems. This commonality provides benefits forflexible receivers.
two constituencies:
The outer layer of the system — the physical layer
— consumers; — provides the channel coding and modulation
schemes appropriate for the delivery media. The
— manufacturers who seek global markets folRecommendations concerning the physical layer
their products. for broadcasters take into consideration the exist-
. ing 6, 7 and 8 MHz channel assignments in the
The ITU StudIeS dl’eW on bOth the WOI‘k and the\/HF and UHF bandS, and the need to accommo-

philosophy of the joint committee of the IEC and gate differing channel-assignment environments
the ISO — the Moving Pictures Experts Groupand planning factors.

(MPEG). The MPEG-2 specifications provide

tools that may be grouped together in sets, in diffyo subsets of the Standard's set of tools have
ferent circumstances, to define a system. A simiheen described in detail:

lar approach to the work was adopted by the

ITU-R when formulating the set of Recommenda-— System Abased on work in the ATSC in North
tions for DTTB: these Recommendations also de- America);

gjre-rg Sseert\/i?:fe;(-)ols that can be used to prowde_ System B (based on work in the DVB project).

The differences between the two subsets have
Specifically, the subset of MPEG-2 which is de-been minimized and harmonized with respect to
fined inthe Recommendations of Task Group 11/3the video and audio coding, and the transport
potentially allows for the design of a decoder atlevels, so that there are no conflicts, and it is
the transport layer that can interpret the servicg@ossible to manufacture “plug-and-play” decod-
multiplex, and can decode the audio and videers that can process either subset A or subset B.

Mr Stanley Baronis Managing Director, Television Technology, for the National Broadcasting Comg
in New York where he is responsible for the evaluation and implementation of new television tech
He has over thirty years of experience in the design and development of digital television systems,
been awarded patents in the areas of temporal filtering and synthetic video generation. Two of th
ucts he developed have received Technical Emmy Awards and his work has also been widely rec
by bodies such as the NAB, the David Sarnoff Center and the New York Academy of Science.

Mr Baron serves as Chairman of the ATSC and Chairman of ITU-R Task Group 11/3. He has been
a Fellow of the SMPTE, a Fellow of the IEEE and an Honorary Fellow of the UK Relgaision Society.
Previously, he was President of the SMPTE and served two terms as SMPTE Engineering Vice-Pr |

Stanley Baron has presented or published over 125 papers on various subjects dealing with re =5
video processing and automation. His formal education includes BSEE and MSEE degrees fro
York University.

Mr David Woodis Head of New Technology at the EBU headquarters in Geneva. The New Technology
division is responsible for the DVB Project Office and for co-ordinating the activities of the EBU Broad-
cast Systems Management Committee (BMC) and its various Project Groups.

Mr Wood is Chairman of ITU Working Party 11A (Television Systems and Data Broadcasting) and Chair-
man of the EC RACE Image Communications Project Line.

Formerlywith the BBC and the IBA in the United Kingdom, David Wood is a graduate in Electronic Engi-
neering from Southampton University in the UK, and an AMP graduate of the Harvard Business School
in the USA.
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The work done by ITU-R Task Group 11/3 in digi- [2] ITU-R Document TG11/3-2: Outline of
tal terrestrial television is not by any means the =~ Work for Task Group 11/3, Digital Terres-
end of the story of digital terrestrial television. trial Television Broadcasting

However, as Winston Churchill once said, it may  !TY. 30 June 1992.

be the “end of the beginning” of the story of this

most exciting challenge [3] IEC/ISO 13818: Generic Coding of Moving

Pictures and Associated Audio Informa-
tion (MPEG-2).

-
B/bl/ography [4] Chairman, ITU-R Task Group 11/3: Report of the
. o . Second Meeting of ITU-R Task Group 11/3,
[1] ITU-R, Question 121/11: Digital Terrestrial Geneva 13-19 October 1993
Television Broadcasting ITU, 5 January 1994, p 40.

RDS Standards

The Radio Data System (RDS) was developed by the EBU and the specification was initially pub-
lished in 1984 as EBU doc. Tech 3244. The system is also the subject of ITU-R Recommendation
BS.643-2 (1995). The actual RDS standard is CENELEC 50067:1992. This specification has been
much upgraded during the last two years and the new version is prEN 50067:1996.

The new revised text which was published by CENELEC in September 1996 was pre-
pared by the RDS Forum in close collaboration with Technical Committee 207 of
CENELEC and experts from the EBU. Certain elements of text were revised to accord
with (i) experience gained with the RDS system and (ii) changes in broadcasting prac-
tice since the initial specification was published. An interesting example of these revi-
sions are the new clauses relating to the PS feature. Receivers produced to accord with
the new specification will of course be compatible with RDS broadcasts which conform
with previous editions of the RDS specification.

The resulting European Standard, when accepted after vote, will replace EN
50067:1992 in Summer 1997.

In the USA, the RBDS specification was adopted in January 1993 as a voluntary nation-
al standard, jointly issued by EIA and NAB. This standard includes the RDS system as
its major component and European RDS receivers could easily be modified for use in
the USA,; in the large majority of cases they would even work well if unmodified, especially with the five
basic features PI, PS, AF, TP and TA. An up-graded specification was completed at the end of 1996
within the RBDS Subcommittee of the NRSC of EIA/NAB. It has been drawn up with a view to harmon-
izing, to the largest extent possible, the RBDS specification with the RDS features now specified in
Europe (in the new prEN 500067:1996). In the USA, RBDS is now only the name of the American stan-
dard. When implemented in receivers, the US system is also called RDS and is identified with the same
logo as used in Europe.

RADIO DATA SYSTEM

A graph showing the number of RDS receivers manufactured world-wide up until 1995 is shown below.
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