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Abstrac

The introduction of Digital Terrestrial Television Broadcast in the USA and the UK is
imminent. This paper analyses the emerging opportunities for DTTB receivers. First we
consider why DTTB services are attractive and how to get a successful receiver business.
Secondly, a number of different segments in the receiver mallkbewdistinguished.

Each of these segments pose different requirements with respect to scope and nature of the
standards governing the product specifications. This is followed by two case studies to
indicate which products are prime candidates for the DTTB launch in the USA and the
UK. It will also be shown which additional products can be realised when currently on-
going standardisation activities are finalised. Finally some conclusions will be drawn.

1. Introduction

Inthe USA aswell asinEurope (intidly the UK) dl necessary preparations are being mede to enaure the successful
commercid launch of Digitd Terrestrid Television Broadcast (DTTB) later this year. It is dmogt certain thet these
early exanpleswill befollowed by meny of the existingtd evisonmerkets.

Two conprehensive body of technicd sandardsfor DTTB have beendevel oped, neamdy ATSC and DVB. ATSC ad
DVB gereinportant sandards - such MPEG-2 video conpression - but do dso show sgrificant differences.

This paper is not intended to pass judgemen on the rdaive quality and fitness-for-use of ATSC and DVB. Propornents
of ATSC and DVB are both right in dlainming thet they provide the broadcast industry with the basis for arevoluionin
quelity and scope of services.

The purpose of this paper is to present a manufacturer’s view on the different opportunities presented by ATSC and
DVB. Focus will be on theeceiver, however without neglecting insights obtained from our wider (essentially “glass-
to-glass”) product portfolio.

2. Why are DTTB services attractive - what makes a a successful
receiver business

A key factor for the success DTTB receiver business is the attractiveness of the service proposition. Migratingto digital
should result in a major improvement over the analogue predecessor. Otherwise there is not sufficient incentive to
replace the existing analogue equipment. This should hold true both for the service operator as well as for the consumer.
Ancther key factor, especially for the receiver manufacturer is the relative attractiveness of the DTTB receiver
compared to other emerging CE products such as DVD players, Internet-TV “appliances” etc.

Considering the service proposition, we canrgpdish four main areas where the digital offering has the potential to
excel. First (and perhaps foremost) is a much improved efficiency in spectrum utilisation enabling a major extension of
the number of programs assuming constant transmission bandwidth. The limited programming choice of terrestrial
broadcast is a major factor fuelling the growth of existing multi-cast technologies such as cable and satellite at the
expense of terrestrial. Assuming that attractive content will become available to fill the new channels, this trend could be
reversed.

Strongly related to the improved spectrum utilisation is the ability to use ConditmasyCA) systems allowing
new revenue sources such as subscription and pay-per-view services. Itis extremely unlikely that the extended program



offeringidentified above can be funded fully fromadditional advertising reverue. Many of the extended services will be
Subscri pti oY pay-per-view based for which effective CA sysensare essertid.

Sofar we have not touched the sUbject of inproved picture and sound quality. The minimum picture quelity leve of dl
DTTB sysenrsis MPEG-2 MP@ML (at 4:3 ad 16:9 aspect ratio) which offers amgjor inprovemen over the current
andogue NTSC/PAL/SECAM tranamission, especidly considering the often inpaired qudity of over-the-air  and
cable reception The digtad neture of the sigals combined with advances in Sgrd processing and display systers
provide receiver manufacturers anple opportunity for picture improvement. On top of this the DTTB systers are
sutablefor the transmission of MPEG-2 MP@HL offering substartia ly higher picture codiing resol utions.

Last but not leest the digital DTTB systens offer the ahility to devote part of the transmission bandwidth to additiordl
data (text, grgphics elc.). This data.can be used to cregte anmore i nteractive viewi ng experience offeri ng the consuer the
ability to access additiond informetion (player statisticsingports), play dongetc.

Let ‘s now turn our attention to the aftractiveness of the DTTB receiver as a product of the CE industry. We will
consider the model in which the consumer buys a receiver via the customary distribution channels for CE products and
ignore the situation in which the service provider takes responsibility for acquisition and distributieteftaes:

Inany CE product - and DTTB offers no exception - opportunities for added value are essential which implies that any
standard should offer sufficient freedom of implementation in terms of key components, user interface (ease-of-use) and
options for combinations with other products. In addition and especially in case of integrated Digital TV sets, which are
seen as a relatively long-term investment by the consumer, the economical life-time of the set is an issue. Rapid
obsolescence (e.g. caused by the premature adoption of a short-lived standard ) should be avoided. Finally, the standard
should be complete enough to provide interojiéyao prevent proprietary solutions which fragment tbeeiver

market.

3. Receiver Product Ranges

DTTB services allow considerable variation with respect to product definition. The receiver manufacturer can vary
aspects such as screen size, display resolution, sophistication of the EPG, support for enhanced services etc. A
successful product range addresses a set of price points, each of these offering the most attractive feature set attainable
for that price point.

In the section we will mpose some - hypothetical - product ranges. In later sectiondlvegaluate how well the

ATSC and DVB standards support these product ranges and indicate the potential of extensions of the standards. We
have organised the receiver options according to two main parameters. The first parameter is display quality and the
second one is new services.

Figure 1 below is the starting point for the analysis. This diagram shows the cost to implement a selected set of receiver
options. Note that for obvious reasons the drawing is not intended to describe the costs of the various features exactly;
the intention is merely to show the trade-offs possible. It can be seen that new services are more affordable than (very)
high-end picture quality. Note that receivers supporting Pay-TV are currently often subsidised by the service provider.
These subsidies have not been taken into account in Figure 1 and subsequent ones. These subsidies can be significant
though and more than compensate for the additional cost incurngpartiag Pay-TV or even interactive services.

The various options are described in more detail in Tables 1 and 2 below. In Table 1, the column “Video Standard”
indicates the minimum coding resolution required to realise the potential of the display technology. Note that only the
highest quality option requires coding beyond MPEG-2 MP@ML (vertical resolution of 720 and aboug) iltho
should be noted that the 16:9 improved category would benefit from progressive coding at 480/576 vertical lines which
is an element of MPEG-2 MP@HL.



12

10

cost

Pay-TV +
extended
interactive
services

Pay-TV +
interactive
services .

Basic

services

16:9 High Definition
16:9 Improved
16:9

23 display

Figure 1 Cost of receiver options associated with display quality and new services

Table 1 Some receiver options related to picture quality

Iltem

Desription

Video Stardard

STB
(No display capability)

St Top Box (no digdlay). Ficture coud be subgtantidly
improved over ardlogue picture but limited by the interface to
theardlogue TV set used for digolay.

MPEG-2 MP@ML

4.3

169

16:9inproved

16:9 High Defirition

Inegated TV with convertioral CRT. Fctue subdatidly
improved over ardlogue picture (horizontd bandwidth, no
cross-colour/luminence). Popuaity will gow when price
difference with andogue set vanishes ad end of adoge
trasrissonisinggt.

As 4:3. This is the most cogt-effective soluion to display 4l
meterid without compromises. Potertid to be #e meinstream
DTV receiver.

As 16:9 with improved picture processing Advances in digital
sgd processing (such as progessive scan corversion)
combired with low-cogt slicon inplementations dlow for
inpressive picture inprovement.  Interestingy SD  display
technol ogy canbe used.

Highrend sets cgpable to diglay 720 lines and above
Cordiderable additional codt to redise a convincing difference
in picture quality compared to “16:9 improved”.

MPEG-2 MP@ML

MPEG-2 MP@ML

MPEG-2 MP@ML

MPEG-2 MP@HL




Table 2 Some receiver options related to enabling new services - improved
information processing

Item Description

Badc Standard receiver withsmple EPG

Pay-TV As previous + support for Conditional Access (ind PSTN return
chand), enhenced EPG (Pay Per View)

Pay-TV +badcinteractive services As previous + informetion brows ng, shopping, eic.

Pay-TV + extended interactive services Asprevious+ gaes, locd storage (eg herd disk) to retrieve data over
night and store “plug-in’'s”

A receiver product range offering all 20 potitits shown in Figure 1 would certainly confuse the consumer and
hence not be successful on the market. For a further analysis of some potential product ranges we will use a 2D
equivalent form of Figure 1 as the basic tool. See Figure 2. This Figure shows the same information as Figure 1. The
position on the horizontal axis represents the cost associated with a specific option related to display quality. Cost
related support of services is indicated in the same way on the vertical axis. The dotted lines indicate combinations of
product options with equal cost. For a given price point, these lines show the trade-off between picture quality and
service options.
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Figure 2 Cost of receiver options associated with display quality and new services (2D view)
In Figure3 we have indicated some - rather obvious - potential receiver product ranges. In the product range “display’
the key distinguishing parameter is display quality. Obviously this range is restricted to Integrated Digital TV sets as the
installed base of analogue receivers limits the display performance of STB solutions.

Inthe product range “services (STB)” products differ in the support of new services (pay-TV, interactive enhancements)
. The third product range “services and display’ combines display quality with new services. Given the relatively low
cost of supporting new services, this range is in fact more likely than the “display” range.
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Figure 3 Some potential receiver product ranges

4. Receiver Product Ranges supported by ATSC and DVB

Inthissectionwewill eva uate how the ATSC and DVB standards - as planned to be introduced inthe USA and the UK

- can be usad inredising the product ranges identified in the previous section A short infroduction to the UK Stugtion

may be helpful. In the UK a significant amount of additional specification work has been done within the “Digital
Terrestrial Group” (UK-DTG), a consortium of operators and receiver manufacturers. These additional specifications -
bundled inthe ‘D-book - Requirements for Interopétgle provide additional precision to maximise interoperability

while fully compatible with DVB. The UK-DTG focused not only on enhanced picture quality but rather on a
comprehensive set of enhancements provided by digital television, including multi-cast and enhanced services. A major
part of the specification effort was concerned with an Application Programming Interface (API) for interactive services.
This is an area for which DVB had no activity in the past. The UK-DTG selected ISO/IEC 13522-5 (MHEG-5) to
support interactive services. MHEG-5 supports a basic level of interactive services and provides ample extension
mechanisms towards more advanced services. See also our paper “Emerging operations for Enhanced TV
Experiences”, in the session “Consumer Access” in this conference. It should be noted that DVB is currently defining
specifications for a “Multimedia Home Platform’. Within the scope of this activity, APIs are being addressed. The
MHEG-5 solution selected by the UK-DTG is one of the prime candidates.

The following Tables 3 and 4 are the counterparts of Table 1 and 2 of the previous section. They indicate the standards
provided by ATSC and DVB/UK-DTG corresponding with the receiver options described in that section.

Table 3 shows the ATSC and DVB standards related to picture quality. ATSC and DVB both provide specifications for
standard and high definition. With respect to picture quality the UK-DTG reasoned that the improvement provided by
digital 16:9 MPEG-2 MP@ML was sufficiently compelling (and commensurate with affordable display technology) to
restrict transmissions to standard definition.

Table 3 ATSC and DVB standards related to picture quality

ltem Description of required standard ATSC DwB/ UK-
DTG

4:3,16:9 and 16:9 improved Digital Video compression at Standard Definition A/53 ETR 154

16:9 High Definition Digital Video compression at High Definition A/53 ETR 154
(HD  not
applicable
inthe UK)

Table 4 shows the ATSC and DVB standards related to service options. Both ATSC and DVB provide standards for
basic TV (channel coding, service information, closed captions/subtiting). The channel coding standards are quite
different. The DVB system has several unique features. It has a high tolerance for multi-path reception allowing for
mobile and in-house receivers with simple antenna’s. Also the systemis suitable for use as a Single Frequency Network
(not adopted in the UK). These benefits come at the expense of a somewhat higher implementation complexity. Another



differenceis thet the DVB aubtitling standard alows for bitmepped graphics. Firdlly it shoud be noted thet the DVB
dandards are noduar ad cover dl prominet ransmisson techologes the sare st of dandards addresses
terredrid, satdllite aswel as cable systers

With respect to pay-TV ad erhanced sarvices, ATSC and DVB have gradudly broadened their scope. The
corresponding ATSC standards are ill uder discusson DVB hes conprehensive specifications for conditiordl
access, data broadcast and bi-directional communication As sated dready, the UK-DTG hes extended the DVB
specification to support basic interactivity. DVB is corsidering the UK-DTG extensiors withinits efforts concerning
APisfor interactive services.

Table 4 ATSC and DVB standards related to service options

Item Description of required sandard ATSC DVB/UK-DTG
Basic Chard coding & Moduation A/53 ETS300 744
MegaFramefor Snge Frequency Network - TS101 191 (not
goplicableinthe
UK)
Sarvice/Program Informetionto support EPG A/65 ETS300468
Closad Captions/ Subtitling A/53 ETS300743
Pay-TV Corditiond Access - method to scramble the A/ under discussion ETR 289
sream
Corditiond Access- under discussion EN 50221
Interface to add Conditional Access to a gareric
receiver
Smulcrypt - supporting a receiver popuaion with  under discussion TS101197
mutiple CA sysens
Basic Data Broadcadting - protocols for the transmission  under discussion EN 301192
ineractive of generic data over broadcast networks
services
Network Independet Protocols for Interactive  under discussion ETS300802
Sarvices - protocols for the transmission of generic
dataover bi-directiord networkssuchas PSTN
Interaction Charrd through PSTN/ISDN under discussion ETS300801
Basic Interactive Applicatios - coding of under discussion MHEG-5 (till under
mutimediaand hyper-mediaobjects discussoninDVB)
Extended APl under discussion uder discussion
ineractive
srvices

Figure 4 is derived from Figure 3 above. The regions “ATSC” and “UK-DTG” indicate the receiver options covered

by the current status of the respective standards. Early ATSC recdierestlikely target high-end display

integrated digital TV sets and be restricted to basic free-to-air services. There is less potential for STBs as the

advantages over analogue TV are rather minimal.

In the UK-DTG the initial offering will be broader than ATSC: both integrated digital TV sets (no high definition) and
STBs are prime candidates for early deployment. In both cases, the combination of attractive programming (including
Pay-TV), improved picture quality, mobile and in-house reception using simple antenna’s and interactive services is an

attractive mix which is well positioned to compete with cable and satellite.
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Figure 4 Receiver options supported by ATSC and UK-DTG

Itislikdy thet both ATSC as well as DVB will in fuure provide standards dlowing receivers supporting the full
spectrumof options showninFHgure 1 and 2 above.

5. Conclusions and closing remarks

We have seenthet boththe ATSC aswe | as DVB standards provide ample opportunity for receiver maenufacturers., Itis
likdy though thet the initid products ranges will differ substartidly. For ATSC receiver manufacturers will focus on
High Defintionfree-to-air integyated tel evision setiswhereas the DVB receiver merket will beamixture of (pay-TV) st
top boxes and integrated tel evision sets, supporting from day one some enhanced sarvices. Inthe UK especidly the set
top box merket will be accderated as the products are likdy to be subsidised by the pay-TV operators. The UK
terrestrid offeringis a powerfu combinetion of inproved contert, picture quality and services which can be received
using simple (mobile and in-house) antenna’s. As such it will give terrestrial broadcasbppatighity to compete
with cable and satellite.

For some consumers a combination receiver which can handle multiple transmission methods may be atiractive. An
example could be a combined satellite/terrestrgiver. Here DVB provides inherent advantages due to the modular
nature of the specification.



