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1. Abstract

The UK government has passed fegislation which provides for the operation of national digital terrastrial
television broadcasting. Within the present frequency planning system R will be possible 1o fntroduce up
to six muttiplexas across most of the UK. The tzrgat Is t release the UHF spectrum from the occupancy by
PAL analogue services so that it could be rented to other usars. it k therefore important that the
programmeas which viewars currently enjoy should be made availabla in the digital services along with new
programmes and digital sarvices. Amongst the mandated requirements of the digital programme services
Is the need to provide for bath audio description and video signing services in addition to the provision ot
subfities for the hard of hearing,

This paper will outline the averall system and the technizal challenges faced in setting up both the national
sbx muftiplaxes and In the planning of the implementation of the Digital 3 & 4 multiplex in particular. This
muttiplex & required to bear services from Channel 4 - Including one which wil be contralled by
Conditional Access - and to bear services from all of the [TV {Independent Television) contractors. These
services will reflect the full regionality and character of the current analogue services.

2, introduction

Prefiminary frequency planning exercises by both BEG and NTL (National Transcommunications Ltd) had
identified that satisfactory coverage of the UK could be provided for up to six multiplexes. These
multiplexes would conform to DVB terestral standards. The long term aim. of Untted Kingdom
Govemment Is that digital tersstria broadcasting using Ultm High Frequencies {UHF) wil replace the
currant analogue UHF PAL system. The timing of the switching off of the analogue service has not been
fixed but it will depend on a satisfactory penetration of DTTV within the UK.

The United Kingdom Parflament 1986 Broadeasting Bill put In place the leglslative framework to Introduce
in the United Kingdom the digial terrestrial television (DTTV) muttiplexes. Operators of these multiplexes
could provide a range of services. These services comprise television programmes and associated
qQualifying services along with additional dala-based services.

Muttiplex and Service Provider licences wil be issued and regulated by the Independent Telavision
Commission (ITC). Technical services such as Conditional Access (CA) are regulated by the Office for
Telecommunications (OFTEL) whilst the provision of any Electronic Programme Guide (EPG) Is
controfled jointly. The regulators are particularly concemed that a national telsvision systemn does not
become a system which ks subject to a single dominant gateway control. This is consistent with
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persuading the cument viewers to choose a digital television receiver to replace an analogue PAL one.
This will assist In moving all of the nation's viewing to digital temestrial televislon reception within a relatively
short time.

The 1896 Act provides for sbx muttiplexes with population coverage ranging, Initially, from 90% to 65%
(gross coverage). The existing analogue terrestrial broadcasters - BBC, [TV, Channel 4, Channel 5 amd {in
Walas) S4C are guaranteed capacity on the multiplaxes with the best coverage on condition that they
cany a simulcast of their existing programme services. They will then be free to launch new servicas on
DTTV In the remaining capacity within those multiplaxes.

Muttiplex 1 has been agsigned to the BBC and will carry wide screen simulcasts of the BBC1 & 2 analogue
sarvices plus a range of new additional services. These will not be subjact to conditional access (CA).

Multiplex 2 has bean assigned to DIGITAL 384 Ltd, a joint venture company set up by Channel 3' (ITV}
and Channel 4%, This will cany the wide screen simulcasts of the analogue services of Channal 4 the
regional analogus services of ITV companies the multiplax shall also bear en enhanced Infommnation
service from Teletext Ltd®. in addiion TV plans a second indepandent free to air (FTA) service and
Channel 4 plans a second, subscription sarvica which wilt be subject to CA.

Mutiplex A-has been assigned to SDN Ltd. It wil cany a national simulcast of the analogue service of
Channel 5, a simulcast of the analogus senvice S4C In Wales, a now Gaellc service in Scotland. Additional
new sevices can be camied in the remalning capacity

Muttiplexes B, C, D have been assigned to British Digital Broadcasting Ltd, a consortium set up by Cartton
Communications and Granada Group. This is planned to Introduce @ national service containing a range of
new subscription programme and inter-active services. The establishment of a network of digktal terrestral
transmitters will aflow the eventual switch-off of the current analogue PAL network so freeing up a
substantial amount of the UHF spectrum for future exploitation. This could Include additional DTTV
broadcasting. The UK Govemmaent Intends that DTTV broadcasting will commence In 1998,

! Channel 3 - also called Independent Televislon (ITV) - Is a federal network of 15 Independent
Telavision Gompanies. Each Is licensed to provide a reglonal service embadded within a national prime
time scheduls. Most regions also sub-divide thelr raglon into sub-reglons for which the commercial and
soms of the programming is ditfarent. Each ITV company operates from a reglonal playout centre (RPOC)
from which It feeds a.network of transmitters designed to provide coverage over s licensed ama
Reglonal playout centres are connectad by a national tarestrial contribution network which ks used for
programme exchange. Most of the national network pregrammes are played out from a joint facility located
in London, see Figure 1..

2 Channel 4 provides a single national programme service from the same transmitter sites as =
Channe! 3 but with six *macrs” regional variations in commercials. This Is achieved by feeding a transmitter
distribution network from its London playout centre which is configured to feed six groups of transmittars
across the UK.,

3 Teletext Ltd provides a national teletext sarvice on Vertical Blankfng Interval (VEI) lines within the

Channel 3 vidao signal. Data Is sent from the editorial centre in London to VBI Inserters gt transmitter slles
s0 as to provide the same reglonal granularity as Channg! 3.

222 Proc.).O.A. Vo! 19 Part 6 (1997)




Proceedings of the Institute of Acoustics

Implementing a national federal digital terrestial televsion network

Al the time of wiiting Digital 3&4 s working to produce a document which sels out the functional
requirement specifications for the Implementation of the multiplex. Within the avallable technology i is
reguired that the flexibllity of the current operational practices shall ba retained for the digiaf services, This
forms one of the major diferences between conventional digital satellite Installations and cable head
ands. Though there may be negligible revenue eamed from the digital services In the early years it is a
requirement that the digital installation shall be capable of adaptation to new functionality es the services
develop. At the present time thera are still more problems than there are solutions.

3. Background to [TV and Channel 4 operatlons

3.1 The Technical Rules to the Operation of DVB Terrestial Services
The ITC has set out the technical rules for the operation of DTTV services in the UK These set out the
essential characteristics of the transmitted signat and detail the use of a 2k COFDM signal.

The Rules also set out the baslc requirements of the audio, video and data coding. The video shall
conform 1o MPEG2 MP@ML coding. A stereo sound signal shall be provided. Sublitles for the hard of
hearing shall be provided through the use of DVB subtities using bit map graphics (BMG) mode®. Dala
sarvices shall be played out using standards determined by the DVB SDAT working group. These are
the DSM-CC-UU object carousel standands.

There Is no provision for standard EBU teletext elther as a maans of providing for subtites or 8s a means
of providing a data delivery service. There Es thus no requiremant for the recelver to Implement any form of
VBI processing.

The rules also require two further services for those persons with sensory disabiliies. The targat for afl of
these services k to provids them es instances of “closed caption * services In which the oculady and
aurally normal viewer Is able to select not to decods them. The first ks an audio description service for the
visually impalred and the second is a video signing service for the deaf. This has focused some atiention
onto the methods of providing both the production at the playout centre or programme origination and
the preseniation at the recelver of these services. At the prasent time the optimal presentation of both
sofvices requires a second audio and video decoder at the receiver. For the audlo description service this
can be easily provided through the use of a sultable Common Interface (C) module®. A crude
approximation to the sarvice can, however, be obtained using a single decoder within the receiver. For
the signing service a second video decoder would appear to be Ideal and the resulting image can be
applied, as an example of video within video, to the image seen by the viewer. This can be achlevad, in
principle, through the use of a suitable MPEG2 coded picture. An altemative approach considers the
provision of a signing service as an instance of & graphics presentation. This may require more processing
power than is planned for receivers and it may also raise the need to resolve new IPR {Intellectual Property
Rights) issues. .

Figure 1 indicates that the generalised model of digital telavision oparation is bounded by a number of
other data service conslderations.

‘ The ITC Rules were first published on 31 October 15936.

& ‘The DVB standard is ETR 300 743. Atthough this does allow for the use of characler referance
mode (CRM) as an option It is feit that there is no feasible mathod of ensuring that all recelver
manufacturers will Implement a readable built-in font.

8 Papers describing this module, and examples of many others, have been tabled at DVB and UK
DTG mestings over the past year.
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Figure 1:  The generic model for terrasirall playout cantres.

224 Proc.1.0.A. Vol 19 Part 6 (1997)



Proceedings of the Institute of Acoustics

implementing a national federal digital terrestial televsion network

3.2 Service gmanularity

The service granulartty s determined by the sub-regionality which is operated by the TV gompanles. Each
of these regions & connected to form a national network. This & summansed and shown in Flgure 2.
There are 34 sub-raglons which can be provided with independant commercials and local programming.

Each of these sub-regions drives a transmitter chain, An example of a reglon with its sub-regional divisions
is surnmarisad in Figure 3.

The macro-fagions selected by Channel 4 can be mapped onto the basic ITV regionality. This makes the
problems of signal distribution a little simpler.

The combination of the sub-raglonality and the need to maintain complex broadcast equipment close to
operationa! activities produces the requiremsnt that the encoding of the ITV simuicast signals takas place
a the RPOC. It ks loglcal to provide the relevant signals for the Channel 4 digita! services to the same
location and to ensure that the data content sarvice of Teletext Ltd can also be played out from a data

carousel at this sama locatlon. This then i the location of the final multiplexar for the services camied on
the Digltal 3 & 4 multiplex.

3.3 Service flaxibility

The second service for TV ks planned to be distributed nationally. Because this may still require the
Insertion of commercials locally and because some TV companies may wish to provide atematives or
additions to this servica it will be necessary to provida for further encoders at aach RPOC.

The scrambling for Channel 4's second service is most cost effectively camied out at the playout centre
operated by Channel 4 In London. The scrambled signal and its assoclated entitlement managesment

messages (EMMs) and entitlement control wonds (ECMs) can then be securely generated &t a single
location, ’
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Flgure 2. A summary of the contribution network used by ITV companies |
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Figure 3: A typical ITV Regional/Sub-Regional Transmitter Network - Meridian Television in the south
of England 3
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4, Managing the Bit Budget
4.1 Subjective requirements

‘In addition to setting out the technical parameters relating to DTTV the ITC has also determined that the
subjective quality of the programme content should reach minimum standards, This is an area where the
providers of commercials also have an interest and thus [TV has conducted an exiensive series of
subjective tests of current video encoders in order to determine the matching of coding bit-rate with
subjective performance for different types of programme.

The video coding rate is the largest user of available bit-rate and this sets the practical limit on the number
of services which can be provided within a multiplex. Because of the nature of the principal service
providers in the Digital 3 & 4 multiplex there is no gain fo be had in providing for statistical multplexing. An
additional problem would arise in the way in which multiplex efficiency could be co-ordinated arcund the
large number of independently operating ITV RPOCs.

4.2 A terrestrial bit budget

The value of the terrestrial bit-space has been variously estimated at about 15 times that of available to
satellite systems. I Is thus important that the bit budget of the multiplex is carefully planned. i also
requires the very best of encoders and multiplexers to ensure that wastage and inaccessible bit-space is
kept to an absolute minimum.

The principal use of the bit-space Is set out, as an example, in the table below. There is a significant
overhead resulting from the need to provide for Program Specific Information (PSI) and for the cross
carmiage of Service Information (S). It is a condition of the multiplex licence that Teletext Ltd be provided
with a guaranteed access to 724kbit/s - 3% of overall multiplex capacity - for the provision of a data content
service. In the case of the Digital 3 & 4 multiplex the EMM and ECM needs” also need to be considered
belfore the primary partition between the ITV and Channel 4 service providers can be made.

?  Inaddition to this it might be necessary to add in any special data stream which comprised an EPG
from which the Channel 4 CA service could be operated
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description

" allowance

! comment :

Telatext Ltd direct allowance 724kbit/s this is the total aliowance for Telsiext Ltd
PSI and “waste” 700kbit's this includes the very optimistic estimate of
‘ 350bitfs to cover the waste arising from the
converslon from PES to TS.
SI_Actual and SI_Other 360kbil's cross camlage of Sl involves carying 40kbit/s
from each multiplex
balance for Ch4 and ITV each 11 200kbit/s of which i s estimated that some 600kbit/s
o will be needed to operate the CA system
within Channel 4's partition. [t is to be hoped
that the CA system can rely on the data in S|.
[TV panition
primary video in¢ related | & 300kbIVs this wil usually code a sports programme
PTR and PCS such as racing adequataly
primary stereo audio 262kbit/s this rate s adequate for Dolby Prologlc
coded sources
DVB subtitle 44kbit's for a single Latin_1 based language using
DVB-ST BMG
audio description &5kbit/s this provides for Just the description audio.
: An altemative presentation in which stereo
dialogue B present as wall has been
discussed. it would require up to 192kbit/s.
signing servica 262kbivs based on the assumption of a _ screen
MPEG2 coding of a non-pattemed slowly
moving image
2
video 3 BOOkbitfs includes DVB ST- BMG. Although subtitles
o are required for BO% of al programme
audio, subiitle 300kbitfs material, audio description & only required
for 10% within 10 years. Signing has to be
presnet for 5% by that ime.
TV ancllary DataContent Data | 130khiifs or| this could provide around 50 TV screen
Content "pages® whatever makes up | pages of . MHEGS content, perhaps
the balance encapsulating suitable HTML content
Total 24 085khit/s
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Cartaln ITV regions have indicated that they may wish to produce a third service within the [TV partition.
This can only be done by raducing the bit-rate required for the other two services. The technology to
achlave this is stil under davalopment and the planned instafiation will nesd to be able to accommodate
the revised operating software as it becomes available.

5. Interoperabllity Issues
5.1 Signal Issues

The UK DTG was set up with the alm of ensuring that all of the nation’s digiial television systems would be
capable of Interoperation. This ks likely to be true only to the Iimited extent of being abla to decode and
present lagal DVB signals representing the primary audio and video signals which are present in a
transport stream (TS) and which are transmitted clear to air (CTA). A service provider who scrambles these
signals can expect only 1o be recelvatle In a receiver which implements the relsvant CA descrambler. A
mare serous issue ks the use within some “closed” systems of a particzdar Instance of an application
programming Interface (AP). Unless a recaiver implements exactly the same API |t Is unlikely that there wil
be- lntempamb!lﬂyat that tevel.

ft remains to be proved but it doas seem that the most interoperable signals are likely to be found &t the
Peritelevislon SCART socket.

Tha digital television operational commercial mode! to date has been based on a service provider
determining both the detalls of the transmitted signal and of the detalls of the recelver which s to decode
it. This usually involvas the service provider in subsldising the cost of the recelver and, typically this cost Is
recovered through the service subscripion. Naturelly such an operator wil wish to ensure that the
subsidised receiver 1s not used by the viewer to decode the services of a competing service provider® or
othar uninvited guest. One mathod which can be used to ensure uniquity of access is to require that any
provision of application - whethor of programme or of data - shall requlre the use of the CA system. This is
a common feature of a “closed” system. '

An “opan® system will require that this does not become a burden on a population which does not agree
to be bound by such restrictions particularty In respect of recelving epparatus which & may own outright.
Recelver memufacturers also may wish to be able to manufactura recetvers for such an open market
without the need to conform a closed system specification. Such a model Is the normal one for public
accoss telovision systems.

The delivery system used for digital tetevision broadeasting &lso has an Impact on the interoperability. A
closed system has litle need to use the S! data in order to provide the viewer with Information of its
services and schedule and this function is-usually provided by a spedific instance of an electronic program
guide (EPQ). This s also supportable in sateliita and cable systems where there exists sufficlent bit-rate
capacity to make such aservice graphically and functionalfly useful. In en open system where there the
avallable bit-rate & scarce i Is preferable to use the existing S! data and to propose that a fundamental
proparty of recaivers s the provision of a native resident Event Schedule Guide,

s An EU Directive requires that the basic audic and video streams shall, if they are CTA, ba presented
at the terminals of any recelver marketed within the EU. This does not extend to decoding any of the
qualilying services - such as subtitles - or application dependent services which may also be present.
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In the termestrial domain there are additional problems which arise through bath the nature of transmisslon
-propagation and the ineluctable vagarias of the frequency planning processes.

5.2 Gross caniage of S1 data

The requirement exists to present to the viewer a uniform access to the abllity to choose services, the
events within them and the components of which they are composed. This can be greatly faciltated
through the camiage of SI_Other within each mulliplex. The Sl data can be configured to provide a forward
schedule for at least alght days® for each mulliplex and the data repetlition rete can still remain within the
DVB guldelines at a fow data rate of around 40kbit/s.

Cross camiage ¢an be achisvad either through the direct presentation of 51 data or, often much mora cost
effactively, through the use of a locally decoded S| streamn from an IRD tuned to the particutar multiplex.

This is a primary public service approach to cpen galeway access.

6. Multiplex monltoring
6.1 Monitoring within each RPOC

Each APOC wil need to have knowladge of the status of the apparatus installed. This will reflect the
responsibllity for camying the commerclal signals of two other service providers - Channel 4 and Teletext
Ltd - and ensuring that these are faithfully presented to the iransmitter Intarfaces.

The ITC sequires that multiplex operators shall monitor and malntaln records of the data Integrity. Rt &s
customary for television service providers to maintain a record of transmission (ROT} usually on a VHS
tape. This wil continue to suffice for analogue transmissions bit for the digital transmissions some
compromises are called for. § will be necessary to retain some record of any data content which Is
transmitted and, the need to assure the regulator, ITC, that the qualifying services have bean cormactly
provided will exist. i is not feasible to propose that each of the cutput 24Mblt/s data streams is applled to a
data recorder.

6.2 Monitoring the national operation

it s proposed that key parameters of the cperation of enceders, mulliplexers and of the line distribution
and contribution clroults are also returned to a central monitoring sfte. At this location & wil be possible to
gather the data naticnally and to preducs the necessary monthly reponts on reliability and quality of sarvice
which are required.

The companion concept of averall centralised remote control of all of the apparatus Is not required.

? This Is a limft imposed In part by competitive pressyres, programme planning and the legal
-requiremnents of the press to be able to have the advance schedule available sufficiently early to be abla to
"publish it in printed media.
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7. .Appllcatlon of Conditlonal Access

Within the muitiplax only one service - the second service from Channel 4 - will be subject to scrambling.
This allows for a single point of scrambling and for inserting the EMMs ad the ECMs. H, at some future
data, it were to be proposed that [TV operated a GA system then this would require quite substantial
modification of the whole system. The decision not 1o use CA within ITV [s thus very significant in tarms of
system design. However it remaing possible that certina [TV companles may wish to employ CA al some
time In the future. The effect on the system will dopend on the operational requiremants of the proposed
system.

8. Operatlonal service requirements
B.1 The impact on planning and scheduling

The programme planning and scheduling systems used will require significant change. A number of new
parameters will affect the planning process. These include the need to determine the video coding
requirement for a particular type of programme and the need to budget for the qualifying services. Since
the available bit-rate s imited there will be some restrictions and one might be that it will not be possible to
programme two simultaneous sports event within one partition of the multiplax.

Soma of the coding parameters could also make an appsarance In the contracts with programms content
providers. The most obvious ones are those dealing with picture coding accuracy end aspect mtio.

8.2 Simulcasting

The requirement to provide a-simulcast of the analogue service ks important. It s widely appreciated that
the UK has a special opportunity which may result In the adoption by tha general viewing public of digital
torrestrial televislon, This arises from the fact that the current market penetration of widescreen™ displays
is almost invisibly low. The principal service providers have indicated that they will be featuring widascreen
coded televislon for thelr digita) services. This i hoped to support the adoption of true widescreen
integrated receivers in preference to the purchase of Set Top Boxes (STB). It will also assist the buslnass
maodel of those sarvice providers who proposa to subsidise the initlai STB,

Thera ara two way of achlaving this. ¥ the dighal service ks a simulcast of the analog one then an aspect
ratic convertar {(ARC) will ba needed prior to the MPEG encoder. If the analog service ks a sirmucast of the
digital one then an ARC will be needed prior to the analeg drive to the transmitter.

8.3 Wide Screen Compatibility

Broadcasters committed to simulcasting their existing (4:3) services in wide screen (16:9) format on DTTV
must addrass the issue of compatibility of aspect ratio on both services.

& ks [kely that all future programme production will be in 16:0 aspect ratio. In fact existing broadeasting
omanisations have slready started wide screen production and some of these programmes have been
shown In “letter box™ on curent sarvices. Wide screen production camem picture framing must be

1 The term widescreen is used to indicate a display device whose aspect ratlo Is 16:D,
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suliable for reproduction on both 4:3 and 16:9 displays. Existing programme Iibraries contain programmes
made in 4:3 aspect ratio and thess librartes will provide a substantial part of programme schedules after the
starl of DTTV broadcasting. A philosophy for the showing of mixed format material on both 4:3 and 16:9
services is therefore required.

The compromisa aspect ratio, 14:9, although uniikely to be used in programme production, offers ane
solution to the compatibility probleam for transmisslon chaing and recalvers. As can ba seen in the
following illustrations minimum black edges result on both 16:8 and 4:3 displays when the source format is
14:6 or the set-top box modiles the recelved picture format from 16:0 to #4:9 for display on 4:3 telavision
racelvers.

Proc.l.O.A. Vol 19 Part 6 {1997) 233



Proceedings of the Institute of Acoustics

implementing a natlonal federal digital terrestlal televsion network

Displayr of 4.3 Aspect Ratio Sources

4:3 Recelver 16:9 Recelver

Black bande

- Masked by
recelver overscan

Display o_f 16:9 Aspect Ratio Sources
4:3 Receiver 16:9 Receiver

Black bands
Masked by

recelver overscan
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Display of 14:9 Aspect Ratio Sources

4:3 Receiver 16:9 Receiver

Black bands Black bands
Masked by

receiver overscan

Current thinking in [TV s that play-oul centres, inter-studio and transmission circuits wil be converted to
be 16:9 capable and aspect rtic swilching to maintaln compatibility for existing 4:3 viewsrs will occur at
the Input to analogue transmiiters whilst DTTV transmitters will pass through the source aspect ratio
unaftared. Distributed progrummes wil be "flagged” in the vertical blanking interval (VEI) with source
aspect ratio Indicators which will automatically switch the aspect ratio converter et the analogue transmitter
to the appropriate format. These "flags®, which wil ba compatible with those already used in analogue
wide scresn telavislon receivers, will also be transmitted on the analogue service for the benefit of those
recalvars and on the DTTV sarvice for the benefit of set-top boxes.

The fallowing table shows the aspect ratios ta be transmitted on [TV compared with the source matsrial.

16:9 16:0 14:0
14.9 14:9 14:0
4:3 4:3 4:3

Account has been taken that DTTV wide screen television recelvers and set-lop boxes wil offer viewer
cholce of aspect ratio as do currantly available analogue wide scroen television recelvers,

The grealest challenge to simulcast broadcasters is In presentation where Interstiial materia) such as
logos, promotions (which will be mixed format) and commercials must sit between programmes of mixed
format.
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