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1. Abstract

The UK government ins passed legislation which provides tor the operation oi national digital terrestrial
television broadcasting. Within the present trequency planning system it wfll be possible to introduce up
toslx multiplexes across mostoi the UK. The target Is to release the UHF spectrum from the occupancy byPAL analogue services so that it could be rented to other users. It is therelore Important that theprogrammes which viewers currently enioy should be made available In the digital senrlces along with new
programmes and digital services. Amongst the mandated requirements of the digital programme services
is the need to provide tor both audio description and video signing services in addition to the provision at
subtitles iortha hard at hearing.

This paper will outtlne the overall system and the technical challenges laced in setting up both the national
six multiplexes and In the planning of the implementation oi the Digital 3 & 4 multiplex in particular. This
multiplex is required to bear services from Channel 4 - including one Mitch will be controlled by
Conditional Access - and to beer services trom all oi the UV (Independent Television) commuters. These
serviceswiil reflect the full regionallty and character at the current analogue services.

2. introduction

Prelimimry irequenoy planning exercises by both BBC and N11. (National Transconvnunlcatlons Ltd) had
Identitled that eetlstactory coverage oi the UK could be provided for up to six multiplexes. These
multiplexes would contorm to DVB terrestrial standards. The long term aim. ct United Kingdom
Govemment is that digital terrestrial broadcasting using Ultra High Frequencies (UHF) will replace the
thirrent analogue UHF PAL system. The timing oi the switching oil at the analogue service has not been
fixed but it will depend on a satisfactory penetration of DTTV within the UK.

The United Nngdcm Parliament 1996 Broadcasting Bin put In place the legislative Iramemrk to introduce
In the United Kingdom the digital terrestrial television (D‘lTV) multiplexes. Operators oi these multiplexes
could provide a range of services. These services comprise television programmes and associated
qualifying services along with additional data-based services.

MutflpIex and Service Provider licences will be issued and regulated by the independent Television
Comrnisslon (i'i'C). Technical sewlces such as Conditional Access (CA) are regulated by the Office for
Telecommunications (OFTEL) whilst the provision of any Electronic Programme Guide (EPG) is
controlled iolntty. The regulators are partlwlariy concerned that a national television system does not
become a system which s subject to a single dominant gateway control. This is consistent with
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persuading the current viewers to choose adigital television receiver to replace an analogue PAL one.
This will assist In moving all oi the nation‘s viewing to digital terrestrial television reception Mthln a relatively
short time.

The 1996 Act provides tor six multiplexes with population coverage ranging. Initially. from 90% to 65%
(gross coverage). The existing analogue tenestrial broadcasters - BBC, ITV, Channel 4. Channel 5 and (In
Wales) S40 are guaranteed capacity on the multiplexes with the best coverage on condition that they
any asimuicast oi their existing programme services. They will then be tree to launch new services on
D'ITV In the remaining capacity within those multiplexes.

Multiplex 1 has been assigned to the BBC and will carry wide screen slmuicasts oi the 8861 a 2 analogue
services plus a range oi new additional services. These will not be sublet: to conditional access (CA).

Muittpiex2 has been assigned to DIGITAL 3&4 Ltd. aiolrrt venture company set up by Channel 8' (ITV)
and Channel 4'. This will any the wide screen sinwiasts oi the analogue services at Channel 4 the
regional analogue services oi Ii'V companies the multiplex shall also bear an enhanced Intomtaiion
service trom Teletext Ltd”. in addition ITV plans a second Independsm tree to air (FrA) service and
Channel 4 plans a second. subscription service which will be subject to CA.

Multiplex Ahas been assigned to SDN Ltd. It win any a natloml simulcast ot the analogue service ct
Chamois. a simulcast at the analogue service 540 in Wales. a new Gaaflc senrlca In Scotland. Additional
new services can be carried In the remaining capacity

Muitlplexes B. c. D have been assigned to British Digital Broadastlng Ltd. a consonium set up byCanton
Communications and Granada Group. This Is planned to Introduce a netionsieervloe containing a range oi
new subscription programme and Inter-active sanrloas. The establishment pi e netwont oi digital terrestrial
transn'iitters will allow the eventual switctr-cfi oi the current analogue PAL network so freeing up a
substantial amount at the UHF spectrum tor iuture exploitation. This could Include additional m'rv
broadcasting. The UK Government Intends that MTV broadcasting will commence in 1998.

 
' Channel 3 - abo called Independent Television (ITV) - B aiederai network at 15 Independent
Television Companies. Each Is licensed to provide a regional service embedded within a national prints
time schedule. Most regions amp sub-divide their region Into sub-regions tor which the commercial and
some of the programming Is diiierant. Each ITV company operates from a regional playout came (RPOC)
tram which It leads anetwcrk oi transmitters designed to provide coverage over its oensed area.
Regional piayorn centres are connected by anational terrestrial contribution netwont which b used for
programme exchange. Most of the rational netwont programmes are played outfrom aloint tacility located
in London, see Figure 1.-

' Channel 4 provides a single national prograrrrma senrioe tram the sametrarrsmitter sites as .
Channel 3 but with six 'macro' regional variations In commercials. This is achieved by feeding a transmitter
distribution netwont trorn its London piayout centre which Is configured to teed six groups of transmitters
across the UK.

' Teletext Ltd provides a national teletext service on Venice! Blanking Interval (VBI) lines within the
Channel 3 video signal. Data Is sent Irom the editorial centre In London to VBI Insertere at transmitter sites
so as to provide the same regional granularity as Channel 3.
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At the tithe oi writing Digital 3&4 ls working to produce a document which sets out the functional
requirement specifications tor the Implementation oi the multiplex. Within the available technotogy it is
required that the fletdblilty oi the current operational practices shall be retained tor the digital services. This
ion-m one or lite nelcr diiierences between conventional digital satellite Installations and cable head
ends. Though there rmy be negligible revenue earned trom the digital services in the early years It is a
requirement that the digital Installation shall be capable or adaptation to new functionality a the services
develop. At the present time titers are still more problems than there are solutions.

3. Background to rrv and Channel 4 operations

3.1 The Technical Rules to the Operation of DVB Terrestrial Services
The ITO hasseiouttheiedtnlcai rules tor the operation at DTI'V services In the UK‘. These set out the
essential duractaristtcs oi the transmitted signal and detail the use at a2k COFDM signal.

The RLflBS also set out the basic requirements at the audio, video and data coding. The video shall
oonionn to MPEGZ MPOML coding. A stereo sound signal shall be provided. Subtitles for the hard oi
hearing shall be provided through the use at DVB subtitles using bit trap graphics (BMG) mode‘. Data
services shail be played out using standards determined by the DVB SLDAT working group. These are
the DSM-CG-UU object carousel standards.

There is no provision ior standard EBU teletext eitheres a means oi providing for strbtities or as a means
at providing adeta delivery service. There is thus no requirement for the receiver to Implement any ionn oi
VBI processing.

The rules also require two tunher services tor those persons with sensory disabilities. The target tor all at
these services b to provide them as instances oi “closed caption ' services In vmtch the oculariy and
aurally non-rial viewer is able to select not to decode thorn The first is an audio description service tor the
visually impaired and the second is a video signing service tor the deal. This has iocused some attention
onto the methods oi providing both the production at the playout centre or programme origination and
the presentation at the receiver at these services. Attire present time the optimal presentation at both
services requires a second audio and video decoder atihe receiver. For the audio description service this
can be easily provided through the use at a suitable Common 'Intertace (Ci) module“. A crude
approximation to the service can. however. he obtained using aeingie decoder within the receiver. For
the signing service aseccnd video decoder would appear to be ideal and the resulting Image can be
applied, aean exanmteol video within video.to the image seen try the viewer. This ran be achieved, In
principle. through the use pi a suitable MPEGZ coded picture. An altemative approach considers the
provision oi a signing service as an Instance oi a graphics presentation This may require more processing
power titan is planned icr receivers and It may also raise the need to resolve new IPR (intellectual Propeny
Rights) Issues. .

Figure 1 Indicates that the generalised model at digital television operation bounded by anumber oi
other data service considerations.

‘ The ITC Flutes were first published on at October 1996.
° The DVB standard ls ETR 300 743. Although this does allow tor the use oi character reierence
mode (CRM) as an option it Is Ieit that there is no feasible method at ensuring that all receiver
manufacturers will Implement a readable built-in ioni.

° Papers describing this motile, and examples or many others. have been tabled at DVB and UK
DTG meetings over the past year.
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Flgura 1: The generic modal tor terreslrall playout centres.
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3.2 Service granularity

The service granularity is determined by the sub-regionaiity which is operated by the ITV companies. Each
of these regions is connected to form a nalicrai network This 5 summarised and shown In Figure 2.
There aresuub—regtons which can be provided with Independent commercials and local programming.
Each at these sub-regions drives a transmitter chain. An example ot a region with its sub-regional divisions
is summarised in Figure 3.

The macro-regions selected by Channel 4 can be mapped onto the basic lTV regioneilty. This makes the
problem at signal distribution a little simpler.

The combination oi the aub—reglonallty and the need to maintain complex broadcast equipment close to
operational activities produces the requirement that the encoding ot the rrv simulcast signals takes place
at the HPOC. [its logical to provide the relevant signals for the Channel 4 digital services to the same
location and to emure that the data content service of Teletext Ltd can also be played out trom a data
mmselatthls same location. This then is the location at the final multiplexer tor the services canted on
the Digital 3 a 4 multiplex.

3.3 Service flerdbillty

The second service for m is planned to be distributed nationaity. Because this my still require the
insertion ot ccnmrerdals locally and because some iTV companies my wish to provide alternatives or
additions to this service it will be necessary to provide tor further encoders at eam HPOC.

The scrambling for Channel 4‘s second service is most cost eitectively canted out at the playout centre
operated by Channel 4 in London. The scrambled signal and its associated entitlement management
messages (EMMs) and entitlement control words (ECMs) can then be securely generated at a single
location. '
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Flgure 2. A summary of the contribution network used by ITV companies
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  Service fi (SIP) Transmitter

National Contributlon Network Circuits
Regional transmltter Distrlbution Circuits
Local contribution Circuits

Figure 5: A typical ITV HegionaVSubRegIonal Transmitter Network - Mefldian Television In the south
oI England
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a. Managing the Bit Budget

4.1 Subtectlve requirements

lnaddition to setting out the technical parameters relating to DTl'V the no has also determined that the

wbiective quality of the programme content should reach rrmimum standards. This is an Bree. where the
prwidam of commerdais also have on interest and thus [TV has conducted an extensive series of
stblective tests 01 current video encoders h order to determine the matching of coding blHete with
subjective performance [or dtflererrt types at programme.

The video coding rate is the largest user of avallabie bit-rate and this sets the pract'cai limit on the number
at eenrices which an be provided within a multiplex. Because at the nature of the principal service
providers in the Digital 3 at 4 rnulflplex there Is no gain to be had in providing for stafisfioai multplexing. An

additional problem would arise ln the way In which multiplex efficiency could be oo-ordinated around the
large number at independently operating TTV RPOCs.

4.2 A terrestrial bit budet

mnlueatmtenesvhlbflepaoehasbeenwbmlyesflmateduaboutfifimsmofavailableto

satellite systems. I lsttrus Important that the hit budget of th multiplex b carefully planned. It also
requirestheverybestolemodereendmfluplexerstoensolemet wastageend lndwessble bit—spaces
kepttoanebeulutendnimum.

‘lhepri'iebaluseofthebit-epece Easel out. asenexemple. lnthe table below. There is asiunilioent
overheedre'smfingtrumtheneed topiwtdelorProgrem SpecificiriorrnatlonijPSlyendlorthem
carriage otSewloe Intomntion (3!). It 3 ewnditien oi the multlplex licence that Teletext Ltd he provided

magmmmeedmesstonmitls-a‘lefaveral rruliiplexcepacfly-tormeprovisionotadeta oontent

sewloeJnthecaaeottl're Digital 3 8.4qu the EIWI and ECM needs’eiso need to be considered
betoretheprlmarypenltlonbetweenthelTVandGiemeHseMoeprwlderscenbemade.

 ' in addition to this it night be necessary to add in any special data stream which comprised an EFG
from which the Channel 4 CA service could be operated
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description ' allowance "commenl

Teletext Ltd direct allowance 724kbltls this Is the total allowance iorTeletext Ltd
PSI and 'waste' 700kbitls this includes the very optimistic astinute oi

350bitls to cover the waste arising from the
conversion irom PES to TS.

SLActual and SLOthar cresscarriage of Si Involves cerying 40kbltls
horn each multi - lax

———
balance for CM and ITV each 11 200kbltls oi which ii is estimated that some fiOOkbit/s

‘ _ will be needed to operate the CA system
within Channel 4's partiflon. It Is to be hoped
thettheCA . .mcenra onthedateinSl.

 

      
     
      

   

 

   
Imm_—

prilmry video inc related 6 accounts this will usually code a sports programme
PTFlanchs suchasrecinaduate

primarystereo audio this rate is adequate ior Dolby ProLogic
coded sources

DVB subtitle for a single LatinJ based language using
DVB-ST BMG

audio description 65kbit/s - this provides for Just the description audio.
An altemative presentation in which stereo
dialogue 5 present as well has been
discussed. it would re ulre - to 192mm.

signing service 262khltls based on the assumption of e _ screen
MPEG2 coding of a non-panamed slowly
movl s lrnae

I_——
includes DVB ST- BMG. Although subtitles
are required for 80% ot all programme
amoral, audio description a only required
lor 10% within 10 years. Signing hm to be

    

 
  

   
         

 

   
      
 

      

       

     

     [TV ancillary DateContem Data 130mm or this could provide around 50 TV screen
Content 'pages' whatever makes up pages or MHEGS content. perhaps

        
 

the balance on >: - uiatin suitable HTML content
24 085kb|tls —
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Certain iTV regions have Indicated that they may wish to produce athlrd service within the nv partition.

This an only be done by reducing the bit-rate required tor the other two services. The technology to
achieve’this is still under development and the planned installation wu need to be able to accommodate
the reused operating software as it becomes available.

5. Interoperability Issues

5.1 Signal issues

The UK DTG was set up with the aim at ensuring that all of the nation's digital television systems would be

capabieot Inte'roperation. This 5 likely to be true only to the limited extent at being able to decode and
present legei DVB signals representing the primary audio and video signals which are present In a
transport stream (TS) and which are transmitted cleartc air (CTA). A service provider who scrambles these
signals can expect only to be receivable in a receiver which implements the relevant CA dascrantbier. A
more serious lsue is the use within some 'cicsed' systems at a particular Instance at an application
programming intertace (API). Unless a receiver implements exactiythe same API it is unnkaiy that there writ
be-lnteroperabiilty‘at that level.

ttrerneins to be proved but it does seem that the most interoperable slgmis are likely to be tound at the
Pertteievlelon SCAFIT socket. .

The digital television operational cormrarotal model to date has been based on a service provider
determining both the details otthe transmitted signal and ot the details at the receiver which is to decode
it. This usually involves the service provider in subsldlslng the cost attire receiver and. typically this cost is
recovered through the service subscription. Naturally such an operator viii wish to ensure that the
subsidised receiver is not used by the viewer to decode the services oi acompeting service provider“ or

other uninvited guest. One method which can be used to ensure unlquity of access b to require that any
provisionotapptlcatlon-whetharoiprogrammeorcideta~shall reqniretheuse oi the CAsystem. This is
a common feature of a ‘ciosed' system '

 
An 'open" system will require that this does not become a burden on a population which does not agree
tobebound by such restrictions pertiwleriy In respect of receiving apparatus which I rrrayown outright.

Hecatvermenuiecturersaisomaywishtobeebletonnnutemure receivemtcrsuch an open market
without the need to contonn acidsed system specification. Such enrodel is the normal one tor public
access television systerrts.

The delivery system used tor digital television broadcasting also ha an Impact on the interoperability. A
closedsysternheslittteneed to use the stdetahordertoprovlde the viewerwith interrnetionotlts
servtces and schedule and this tundion is-usualiy provided by a specific Instance at an eiech'onlc program
guide (EPG).This s also supportable in satellite and cable systems where titers exists eutiicient bit-rate
capacity to theirs such eservice graphically and functionally useiui. in an open system where there the

available bit-rate is scarce it is preferable to use the existing SI date and to propose that a fundamental
property oi receivers is the provision of a native resident Event Schedule Guide.

 

' An EU Directive requires that the basic audio and video streams shall. it they are CTA, be presented
at the terminals or any receiver marketed within the EU. This does not extend to decoding any of the
qualiiylng services - such as subtitles - or application dependent services which may also be present.
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In the terrestrial domain there are additional problem limich arise through both the nature of transmission
propagation and the Ineluctable vagaries oi the irequency planning processes.

5.2 Gross caniage at St data

The requirement exists to present to the viewer a unllonn access to the ability to choose services. the
events within them and the components at which they are composed. This can be greatly iacilltated
through the can-lags 0t SLOIher within each multiplex. The Si data can be configured to provide aiorward
schedule iorat least eight days'ior each multiplex and the data repetition rate can still remain within the
DVB guidelines at a low data rate oi around 40kbitls.

Cross carriage can be achieved either through the direct presentation of SI data or. often much more cost
eiiectlveiy. through the use at a locally decoded SI stream lrom an IRD tuned to the pertiwlar multiplex.

This is a prlmry public service approach to open gateway amass.

6. Multiplex monitoring

6.1 Monitoring within each HPOC

Each RPOC will need to have knowledge at the status of the apparatus Installed. This will reflect the
responsibility lorcanylng the commercial signals of two other service providers - Channel 4 and Teletext
Ltd - and ensuring that these are ialthiuily presented to the transmitter Interfaces.

The I'I'C requires that multiplex operators shall monitor and maintain records at the dm integrity. it Is
customary tor television service providers to maintain a record of transmission (HOT) wally on a VHS
tape. This wfii continue to suffice tor analogue transmissions but tor the digital transmissions some
cornprornlsasarecalledtor.itwllibenecessarytoretainsome recordolanyrhtacontent whichls
transmitted and, the need to assure the regulator. lTC. that the qualifying services have been correctly
provided will exist. It Is not iaaslbia to propose that each of the entrant 24Mbit/s data streams is applied to a
data recorder.

8.2 Monitoring the national operation

It lspropcsed that key parameters oi the operation oi encoders. multiplexers and at the line distribution
andcontributiondrwitsareelsoretumedtoacentralmonltoring site. Atthls location lelibe poselbiclo
gather the data nationally and to produce the necessary monthly reports on reliabilityand qualityat service
Which are required.

The companion concept oi overall centralised remote control oi all of the apparatus is not required.

 

' This is a limit imposed in part by competitive pressures. programme planning and the legal
requirementsol the press to be able to have the advance schedule available sufficiently early to be able to
publish it in printed media.
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7. Application oi Conditional Access

Within the multiplex only one service - the second senrice lrorn Channel 4 - will be subject to scrambling.
This allows tor aslngie point at scrambling and tor inserting the EMMs ad the EGMs. ii. at some lutura

date. a were to be proposed that "V operated a CA system then this would require quite substantial
modification oi the whole system The decision not to use 0A within rrv is thus very significant In tenns ol
system design. However It remains possible that certlna rrv companies rmy wish to employ CA at some
time in the tutors. The ellect on the system will depend on the operational requirements at the proposed
system.

B. Operational service requirements

8.1 The impact on planning and scheduling

The programme planning and scheduling systems used will require significant change. A number of new
parameters Mil allect the planning princes. These Include the need to determine the video coding
requirement lore partictrlartype oi progrenurte and the need to budget tor the qualtiying services. Since
the available bit-rate is limited there will be some restrictions and one might be that It will not be possible to
programme two simultaneous sports event within one partition oi the multiplex.

Some attire coding parameters could abc metre an appearance In the contracts with programme content
providers. The most obvious ones are those dealing with picture coding accuracy and aspect ratio.

3.2 Sirnuicasting

the requirement to provide esirnuioast ol the analogue service 3 Important. It is widely appreciated that

the UK has a special opportunity whidl nay result In the adoption by the general viewing public at digital
tenestriel television. The arises lrom the tauthat the current name! penetration oi widescreet't" displays

la almofi invisibly low. The principal aenrioe providers have Indimted that they will be leaturtng widqscreen
coded television let their digital services. This s hoped to support the adoption of true widescreen
integrated receivers in preference tothe purclmse at Set Top Boxes (STE). It will also assist the business
model at those service providers who propose to subddise the initial 818. ‘

Theraaretwowayoiachleving title. lithe dgital service basimuimstoithe analog one than anaapect
ratioconvertar(ARC)wlllbeneededpnortotheMFEGenooder.iitheanalog senricebaslrmlcasioithe
digital onethen an ARC will be needed prism the analog drive tothetransmltter.

8.3 Wide Screen Compatibility

Broadcasters committed to simulcasting their existing (4:3) services in wide screen (16:9) tomnt on DTl'V
must address the issue 01 compatibilitin aspect ratio on both services.

it a Illraiy that all future programme production will be in 16:9 aspect ratio. in far: existing broadcasting
organisations have already started wide screen production and some at these programmes have been
shown In “letter box' on current services. Wide screen production carnal-a picture trarning must be

'° The term widescreen is used to Indicate a display device whose aspect ratio is 163.
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suitable tor reproduction on both 4:3 and 16:9 displays. Existing programme libraries contain programmes
made In 4:3 aspect ratio and these libraries will prwldee substantial part at programme schedules allerthe
start of m'rv broadcasting. A philosophy tor the showing of mined tor-mat mortal on both 4:3 and 16:9
services ls thereiore required.

The compromise aspect ratio. 14:9. although unlikely to be used In programme production. otters one
solution to the compatibility problem for transmission chains and receivers. As can be seen in the
following illustrations minimum bleak edges resull on both 18:9 and 4:3 displays when the source Iormet is
14:9 or the set-top box modifies the received picture lomret lrom 16:9 to 14:9 for display on 4:3 television
receivers.
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Display of 4:3 Aspect Ratio Sources
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Display of 14:9 Aspect Ratio Sources

4:3 Receiver 16:9 Receiver

 

Black bands
Masked by
receiver overseen

Black ban - .

Ounent thinking In rrv b that play-out centres. Inter-studio and transmission circuits iMiI be convened to
be 16:9 capable and aspect ratio switching to maintain compatibility for existing 4:3 viewes will ocwr at
the Input to analogue transmitters Whilst DTI'V transmitters will pass through the source aspect ratio
unaltered. Distributed programmes will be 'tiagged' in the vertical blanking Interval (VBi) with source
aspect ratio Indicators Which will arnornaticaliy switch the aspect ratio converter at the analogue transmitter
to the appropriate format. These ‘ilegs'. which will be compatible wflh those already used In analogue
wide screen television receivers, will also be tramritted on the analogue senrice tor the benefit of those
receivers and on the MTV service tor the benefit oi set-top boxes.

The Iollowing tablsshows the aspect ratios to be transmitted on ITV compared with the source material.

 

Account has been taken that cm wide screen television receivers and set-top boxes will otter viewer
circles 01 aspect ratio as do wnently available analogue wide screen television receivers.

The greatest challenge to simulcast broadcasters Is In presentation where interstitial material such as
logos. promotions (which will be mixed ionmt) and commercials mus ell between programmes at mixed
tanner
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10. Relerenoee and Iurther readan

DVB epecltlcatlone and supporting documents can be obtained from the DVB Project Office at the
EBU headquarters In Geneva.
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