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Our aim is to ensure that the

BBC is using technology to

the full, enhancing creativity,

and leading the organisation

into the new digital world.
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During the past year the United Kingdom
became the leading country in Western
Europe for consumer electronics sales –
accounting for approximately 25% of the
total European market.This astonishing
progress has been driven predominantly
by two main products – the iPod and
the flat-panel television.

As a major player in the content industry
that drives demand for both these
products, it has been very gratifying for
the BBC to note this success.While,
at the time of writing, the exact nature
of the new Charter is not yet announced,
it is becoming obvious that the progress
of technology is underpinning a revitalised
role for the BBC. For concrete examples
of this, one need look no further than
the announcement by Government of
a firm timetable for switchover from
analogue to digital television, the BBC’s
own announcement of the start of high
definition trials for the football World
Cup in June, or the rapid evolution
of our broadband and podcasting
internet offerings.

BBC R&D has continued to play a vital
role in helping the BBC to drive such
services forward. Our spectrum
planning experts are key players in the

collaborative efforts to plan the multiplex
frequencies and signal parameters for
the 1000-plus transmitter sites in the
United Kingdom.They are also playing
leading roles in the international fora
which will decide a Europe-wide
frequency plan for digital radio and
television in the summer of 2006 at the
International Telecommunications Union.
Our HDTV experts have already made
important contributions to the leadership
and standardisation of the technical para-
meters to be used for our broadcast
launch this year, and will continue to
provide vital advice and support to the
teams planning for the programme
services themselves. And, without the
navigation and metadata standards that
have been a major part of our R&D
workplan in past years, it is hard to
imagine how the broadband audience
would be able to locate their favourite
podcast downloads among the plethora
of offerings now becoming available on
the net.

A particular highlight of 2005 was
the Open Days that were held in early
June.They were the latest in a series of
events showcasing the work carried out
at BBC R&D and were particularly
ambitious and successful.The response

from all who attended over the three
days was extremely positive and
enthusiastic and a number of useful
relationships were established.We hope
that these relationships will lead to even
greater opportunities for collaboration
in the future.

This success in influencing the external
broadcasting community was further
underlined at the annual International
Broadcasting Convention in Amsterdam
during September. BBC R&D was
extremely well represented at this major
event, both in terms of the number
of papers accepted for the conference
sessions and also in terms of the
demonstrations in the accompanying
exhibition. It was particularly gratifying
that the excellent contribution from
Adam Wiewiorka and Peter Moss,
describing the work they had carried
out to develop a successful on-channel
repeater for DAB, was recognised by
the awarding of a prize for the best
conference paper. Our portable studio
production monitor, Floorman, which
was demonstrated on the stand of a
potential licensee, also won an editor’s
award from TVB Europe magazine
in their series Best of IBC 2005.

While on the subject of awards, I am
also very pleased to note the Lifetime
Achievement Award given by the Royal
Television Society to Chris Clarke,
in recognition of his contributions to
the advancement of television technology.
During his 30-plus years career in the
BBC, Chris has been responsible
for several major developments in
broadcasting, among them being his work
leading to the ITU’s Recommendation
601 standard for digital television signals,
and the development and validation of
the DVB-T standard for digital terrestrial
television broadcasting (the standard
used for Freeview in the United Kingdom).
A second RTS award going to BBC R&D
at the same event was the Best R&D
team, which was won by Jeff Hunter
and his colleagues in recognition of the
work that they have done to develop
interactive television – work that was
further underlined by the completion
and publication of the DVB Portable
Content Format specification during
the autumn. R&D were also closely
associated with a third RTS award, which
went to the BBC’s General Election
Results Programme 2005.The project
integration group for this programme
worked closely with Graham Thomas
and his Production Magic team in

Kingswood Warren to develop advanced
technical concepts for electronic graphics,
which have since been used on-air on
a number of other occasions.

In the Foreword of last year’s Annual
Review, I noted that the future of
BBC Research & Development was being
examined in the context of the general
reviews taking place in most areas of
the BBC.These reviews have now been
concluded and, as far as BBC R&D is
concerned, have culminated in an
affirmation of the importance of new
technology in enhancing the efficiency
with which programmes across the
BBC are made. In May 2005, the BBC’s
Governors approved an updated
approach to technology and innovation,
which set clear strategic imperatives to
how such innovation should be exploited.
As a result of this, Spectrum Planning has
now joined BBC Distribution and the
rest of BBC R&D will be integrated
with the Technology Leadership parts
of the BBC in order to enhance its
influence on future technology strategy.
To underline the importance of this,
the overall expenditure on R&D is
scheduled to increase by approaching
30% over the next five years. At the
same time, there will be a shift towards

the greater involvement of universities
and industrial partners to enhance the
flexibility with which R&D resources can
be deployed.The size of the in-house
team will be reduced slightly, although by
only a fraction of the cut-backs in other
areas of the BBC. More poignantly perhaps,
R&D will be moving away from Kingswood
Warren, which has been our home for
nearly sixty years, in order to bring us
physically closer to the business areas
of the BBC and hence increase the ease
with which technology developments
can be transferred into actual use.

One other result of this integration
with the other technology leadership
areas is that this will also be the last
Annual Review of R&D in its current
form. As we stand at the crossroads of
a new future therefore, it is worthwhile
reflecting on how much broadcasting
has developed since BBC Research
Department (as it then was) moved
from its wartime location in Bagley Croft,
Oxford in 1948. And how, nearly sixty
years later, there continue to be new
developments – such as HDTV, or the
on-demand future – that are still to
come, and which will continue to
challenge our engineers and scientists
in the years that lie ahead.

Foreword by IIaann  CChhiillddss

We stand at the 

crossroads of 

a new future.
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help to increase the coverage and the benefits that the new

system offers.

BBC R&D ANNUAL REVIEW 9APRIL 2005 – MARCH 20068

We are developing a range of new production tools which

harness the power of computer image processing to analyse

a scene in 3D.With these tools, we can insert virtual objects

into a live scene, generate a new view of a real scene from a

virtual viewpoint, and automatically steer a camera or

spotlight to follow a person.

BBC R&D’s work ranges from relatively short-term projects

that address the immediate needs of production, through to

longer-term projects where we are conducting fundamental

research that has the potential to change radically the way

that programmes are made in the future.

Capture of 3D scenes and
generation of virtual views 
In October 2005 we started a new project
called iview, to develop a multi-camera
system for creating virtual views and 3D
models of an event such as a football
match.This would allow BBC Sport, for
example, to fly a virtual camera around
the pitch, giving a new way of presenting
crucial moments of a game from view-
points which are not normally open to a
real camera. iview can generate top-down
views for tactical analysis, or views as
seen by a linesman, player or referee.
Furthermore, by capturing the whole
match as an animated 3D model, it could
be delivered directly to a games console
or computer for interactive viewing.

Another challenge is how to select an
appropriate configuration of cameras
that will provide a suitable set of images,
whilst also being practical to set up.
We are working with BBC Sport and
BBC OBs to conduct experiments
using various camera configurations.
For example, BBC Outside Broadcasts
provided us with images from 18 fixed
cameras that were set up around one
end of the pitch at St. James Park for
the England versus Azerbaijan football
match on 30th March 2005. From these
images, we were able to determine the
position and orientation of each camera
(using our line-based technique), build
a 3D model of the action, and generate
views from arbitrary camera positions.

One challenge for the project is to
generate higher-quality models using
fewer cameras! We are also looking at
applications in sports other than football,
and in other programme genres.

We have been looking at ways of
matching the illumination of an actor
in a studio and the illumination of an
outdoor scene in which the modelled
actor should be made to appear.This
is a difficult problem to solve. As an
extension of our previous work on
modelling actors with a multi-camera
studio system, we made use of new
post-production techniques that allow
the scene illumination to be captured.
The panoramic images have a high
dynamic range. Applying the same
idea to the actor model captured in
the studio allows us to re-light the
model captured in the studio, by
removing the effect of the studio
illumination and replacing it with the
outdoor scene illumination.

New tools for 
inserting graphics 
into live images 
Whenever a production team plans
to insert a virtual object into an image,
the graphics system needs to know
precisely how the camera is moving,
so that the virtual object can be
rendered in the correct place in every
frame. Although there are several tools
available commercially for doing this
in post-production, live (or as-live)
operation is more difficult. For studio-
based productions, it is usually necessary
to shoot in a studio equipped with a
camera tracking system; for example
Election Night Special was shot in Studio 1
at Television Centre using the free-d
system we developed some years
ago. For outside broadcasts, it i s
necessary to use camera mounts
equipped with mechanical sensors to
measure pan, tilt and zoom.This restricts
the number of cameras that can be used
for virtual effects.

To overcome these limitations, we are
developing a real-time system for
measuring the movement of the camera,
by analysing the image from the camera
and identifying features having known
positions. As a part of our work in the
MATRIS project, we have developed a
method that measures camera move-
ment by tracking the lines on a football
or rugby pitch, and licensed it to Red
Bee Media (formerly BBC Broadcast).
It was first used on Match of the Day
in September 2005, integrated into the
Piero sports graphics system, which
BBC Broadcast had previously developed
based on some earlier work at BBC
R&D. The line-based tracking system has
since been in regular use for football
and rugby coverage. Other partners in
the MATRIS project are developing
additional techniques for use in studio
or hand-held applications.These include
the use of an inertial sensor or a small
camera mounted on the main camera, to
gather more data to improve the tracking.

In some applications, it is useful for a
presenter to be able to pick up a virtual
object, rather than it being fixed in the
studio or on the ground.We previously
developed and licensed a system known
as MixTV, which tracks a specially-
patterned card which a presenter can
move, so that a virtual object can be
rendered on top of it.We worked with
the production team of Election Night
Special in preparation for its first use
live on-air, and provided advice to BBC
Sport who used it to explain possible
tactics in the FA Cup Final programme.
We helped the production crew on
Child of Our Time use the system in
an experiment where children played
creatively with large blocks with tracked
patterns placed on them.This was
broadcast in January 2006.The system
was also used in the BBC’s Egypt
exhibition in 2005 at the Mailbox in
Birmingham, allowing visitors to pick up
and examine a virtual Egyptian artefact.

Production magic

‘‘aa  nneeww  wwaayy  ooff  pprreesseennttiinngg  ccrruucciiaall  mmoommeennttss
ooff aa  ffoooottbbaallll  ggaammee  ffrroomm  vviieewwppooiinnttss  wwhhiicchh
aarree nnoott  nnoorrmmaallllyy  ooppeenn  ttoo  aa  rreeaall  ccaammeerraa’’
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Tracking people 
and objects in 3D 
By tracking people in a scene, it is
possible to automate some production
processes. Some of our earlier work
looked at controlling robotic cameras
to frame a given kind of shot in relatively
controlled situations like a tennis match.
More recently, we have been studying
related applications in repurposing
programmes shot for normal broadcast
to make them more suitable for
streaming to small-screen devices such
as 3G phones. By identifying the main
area of interest in an image (typically
the face of a presenter or interviewee),
we developed a prototype system that
could extract the relevant portion of
the image, to produce a more tightly-
framed shot suitable for a smaller screen.
We developed some audio analysis
tools to determine who was speaking,
to control which area of interest was
selected.There are possible applications
for this technology in BBC News and
the BBC Natural History Unit.

We have been investigating applications
involving the automatic control of lights,
based on the positions of the camera
and presenter. Automatic lighting for a
presenter as they move around a studio
offers the prospect of reducing the
overall level of lighting needed, whilst
ensuring that a sufficient level of light
is used.This is especially useful to satisfy
the requirements of HD production
(where maintaining a good depth-of-
field becomes particularly important).
Working to requirements from BBC
News, we have developed a prototype
system that can use information from
a variety of cameras to estimate the
position and brightness of the presenter.
This information is used to control the
direction, beam width and brightness
of a motorised spotlight.

The technology we developed for tracking
people in 3D can also be applied to
tracking other objects. Following a
suggestion from BBC Sport, we modified
our two-camera person-tracking system
to identify and track a table tennis ball.
The 3D data was fed to a computer
running some commercial rendering soft-
ware. Linking this to our free-d camera
tracking system gave us a very good way
of visualising the path of the ball, which
could be viewed from different positions
by moving the studio camera. It was
successfully used on Grandstand on
24th July 2005, as a part of the coverage
of the BetFred Masters International
Table Tennis Championship. Matthew Syed,
a top player, used the technology to
explain how the path of the ball changed
depending on factors such as spin.

3D production planning software

‘‘rreeppuurrppoossiinngg  pprrooggrraammmmeess......ttoo  mmaakkee  tthheemm
mmoorree  ssuuiittaabbllee  ffoorr  ssttrreeaammiinngg  ttoo  ssmmaallll--ssccrreeeenn
ddeevviicceess  ssuucchh  aass 33GG  pphhoonneess’’

Software to generate 3D computer
models of environments and people has
been improving. Now it is available with
point and click interfaces, to satisfy the
needs of the education and games
markets.The BBC did some initial work
on a production planner using similar
technology more than ten years ago.
Now the speed of computer graphics
processors has increased and the quality
of image rendering is so much better, the
tools are more realistic for potential use
as part of normal production planning.

We are working with some developers
of this software to see how it could be
applied to making production more
creative and to potentially reduce costs.
The software could be especially valuable
in training where predefined scenarios
can be initially rehearsed without
expensive studio time.

The applications of such software are
wide and far ranging, so we have started
with studio layout and set design as initial
examples. Our relationships with the
software developers have allowed us to
model real studio facilities like cameras
and cranes.This allows the producers to
see an image of the exact shot they will
get if they hire in particular equipment,
and so over-specifying facilities is
potentially avoided.The decisions they
make about sets can be converted to
floor plans giving clear guidance to the
team creating and building the real set.

Willing programme makers have tried
out the set design process and we have
compared their experience with using
the cardboard models that are tradition-
ally used.They found it not only useful
in visualising the design, but also in
communicating their ideas to others
in the team.There is also the potential
for storing the design, as metadata, for
future use or reference in the next series.

The quality and ease of use of

3D computer modelling has

now reached the point that

we can use it for pre-

production planning. Producers

can test different options in a

virtual space, helping them to

make effective choices earlier

in the production process.

‘‘ tthhee  aapppplliiccaattiioonnss  ooff
ssuucchh  ssooffttwwaarree  aarree
wwiiddee  aanndd  ffaarr  rraannggiinngg ’’
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Planning shoots of live music
With no opportunity for retakes or
working around problems in post-
production, shooting a live music
performance relies on having a camera
script that has been carefully planned
beforehand. For a fast-paced pop-music
item lasting three to four minutes,
there can be up to 200 camera shots,
with each timed carefully to the beat
of the music and the flow of the overall
performance. Despite the intricate detail
required from this planning process, the
system has changed little over the past
50 years: it has remained a manual
process relying on paper and pencil.
We are now bringing new technology
to assist the process.

Our work on music production planning
aims to reduce the time taken to plan a
production prior to rehearsal in a studio.
We have concentrated on pop music
production as the detailed scripting
required for this can be time-consuming
– a typical three-minute item can require
several hours of camera planning
work beforehand.

Our approach applies automatic beat
tracking to the music to extract the
rhythm of the music and form the
underlying timing.This is an essential
starting point as the vast majority of
camera cuts will be on a beat.The

second step is to produce the timing
of the lyrics. Although this could be
manual we are experimenting with
speech recognition techniques to
automate this process too.The next
step is for the director to plan the
camera shots and for this we use a
standard video editing package with still
images or text representing the desired
shots from the different studio cameras.
Once these edit details have been saved,
our software creates the completed
camera script that will be required in
the studio to shoot the production.

Feedback from early demonstrations
of this work was encouraging and our
prototype was tested on the Top of
the Pops.This was successful and proved
the potential of this approach for
programme planning.

Since then we have continued to
improve our demonstration system
to make it better suited for use by
production staff. Our aim is to have
a system that they can use on different
programmes so that we can assess the
ideas with a wider range of music and
programme production methods.

Production logging
and automation 
Our work in the area of production
logging is centred on how we can

automate as much as possible of the
television production process, starting
at the point of recording in the studio.

We have extended the capabilities of
our basic shot logging application to see
what benefits automation could bring
to the rest of the process.

We have already created a simple
logging system which is used by the
production assistant in the studio’s
control room at the time of recording
in order to log every take directly into
a database.The system logs timecodes
and comments and marks each take as
either good or bad.This reduces the
amount of paperwork subsequently
required, as much of the data needed
during the later post-production stages
can be provided automatically.

Now we have extended the basic
logging system by coupling it to our
tapeless video recording system so that
content from the studio could be
recorded and processed automatically,
as the production is underway.

During these developments, we were
fortunate to be able to work closely
with the production team for the BBC
children’s programme BAMZOOKi.
Working alongside them during their
studio recordings and video editing,

we were able to put our new system
through its paces with a real production.

Our tapeless recording system uses
commodity personal computer hardware
which has the performance of a typical
mid-range server. For BAMZOOKi, we
equipped this recorder with three SDI
video input cards so that we could record
the output from the main studio mixer
and two isolated camera channels used
to get additional shots that were useful
for momentary cut-aways.These three
video feeds each included four audio
channels which would also be required.
In total, our configuration was set up to
record three video signals and 12 audio
channels, all locked with timecode and
stored in an uncompressed format.

The computer which does the recording
also performs real-time processing on
the signals. Firstly, it creates a quad-split
view, with the three incoming video feeds
displayed in three of the four quadrants
of the picture and with timecode super-
imposed.Then, the three original video
feeds and the quad-split are encoded
as MPEG 2 files to give browse quality
versions of each of them. Finally, all three
uncompressed video feeds with their
audio and the four MPEG 2 files are
stored on disk.

The recorder is controlled automatically
by the logging system so that, as the
director starts a new take and the pro-
duction assistant presses a key to log
the starting point, the recorder starts
to record. However, rather than storing
content from that instant, buffering within
the recorder allows us to save the content
from several seconds beforehand, which
provides a pre-roll interval to ensure
that any important action at the start of
the take is captured fully. Similarly, at the
end of a take, the assistant presses the
key to log the end timecode and the
recorder stops a few seconds later, after
a post-roll interval.

At this point, further processing starts in
the background so that other versions of
the material just recorded can be provided.
One such process is to create a DVD of
the content so that the recorded items
can be easily reviewed later without the
need to spool through VHS tapes.

A second automated background process
publishes the programme log as a web
page with all the takes itemised, together
with browse quality versions of the video
clips. Not only does this allow the pro-
duction team to view the content as it is
being recorded in the studio but has also
proved useful during post-production as
clips can be cross-checked instantly as the
edit session is underway.

Whilst these features provide easy access
to the recorded content for review, we
have also implemented conversion from
the uncompressed video format of the
recording to other formats for the main
post-production work. For this, we use
open standards (developed as part of our
work on Media eXchange Format and
Advanced Authoring Format) and can
convert to a variety of compressed
versions as may be required for editing
the production.

For the BAMZOOKi series, this meant that
the content that we had recorded auto-
matically in the studio was converted
directly to high quality files that could be
used in the edit session without importing
or further conversion.This gave a signifi-
cant time saving: ingest from tape was
avoided and content was immediately
available for editing.Where a prior offline
edit is required, we can also produce
lower quality files for the edit in the same
way.The final system should be able to
create the files needed for editing on any
of the main platforms.

This area of work has proved very
successful.The BAMZOOKi production
team used our content in preference to
their normal recordings on Digibeta tape:
this brought time and cost savings to
their programme budget.

Production automation

Our work on production automation aims to make both

the pre- and post-production processes more efficient,

removing the chores and providing better tools for

creative people.
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delivering television signals to a number
of simultaneous users.There may also
be issues with security.This is one area
where the only way to find out is to try
it – are the imperfections serious enough
to render the technology inappropriate
for our environment? We built a
demonstrator offering Floorman-like
functionality using a tablet PC to show
both the strengths and weaknesses of
this approach.

Battery power for 
wireless devices 
Wireless production is only possible if
the devices being used can operate on
their internal batteries for a usefully
long period of time.

We have been looking at the state of
battery technology and fuel cells to
predict where future developments
may lead.The use of fuel cells may not
be appropriate for very small devices,

but may in the near future offer some
real advantages for cameras and other
larger items of equipment.We are
considering a technique to replace many
of the power cables around the studio
using inductive coupling to a special
studio floor.

Radio cameras at 10 GHz 
We anticipate the BBC will lose access
to the 2.5 to 2.7 GHz frequency band for
programme-making at the end of 2006 and
so have carried out initial work at evalua-
ting potential replacement frequencies.
One possible band is around 10 GHz.

We built a 10 GHz demonstration
system which was shown at our Open
Days.With an eye on controlling costs,
we used a modular upconversion chain
which could reuse existing equipment.
The system shows how propagation is
less reliable at these higher frequencies,
with a need for operation closer to line-

of-sight and a need to reduce the effect
of the distortions caused by Doppler shift.

We are now considering new Doppler-
resilient techniques in COFDM receivers.
A departure from the existing philosophy
of reusing the DVB-T modulation format
is envisaged.

Production infrastructure 
All these new production tools need
a significant network infrastructure,
including the feeds to the access points
for the wireless devices.We have been
working with manufacturers and
colleagues throughout the BBC to
develop suitable network structures,
looking at the particular demands of
audio and video traffic.This work covers
the performance of core network
switches and media servers (including
multicast protocols), audio-over-IP, and
moving the office viewing and listening
facilities on to the network.

APRIL 2005 – MARCH 200614

A typical production requires a vast array of technical

equipment, all connected to produce a coherent

system. In practice, this has meant that there are cables

everywhere.We are using more wireless links to avoid

the plethora of cables.This has led us to explore new

facilities for producers and directors.

Floorman 
Floorman is a cable-free picture monitor
which allows the director or any other
member of a production team to view
the shot from any camera wherever they
may be on the production floor. All the
video feeds in the gallery can be made
available, including video tape feeds,
teleprompt text etc, simultaneously
if required.

Since the original concept was proposed
in 2003, we have improved the receiver
to broaden its application, and completed
an integrated base-station transmitter
using technology from our past work
on radio-cameras.

We developed a new portable Floorman
receiver with a 26 cm sunlight-viewable
LCD monitor.This is aimed specifically at
Outside Broadcast applications. It offers
the benefits of antenna diversity and
quad split screen capability.

At our Open Days, we showed both
the original studio-based Floorman system
and the new version for Outside
Broadcasts, and this led to a request to
use it at Royal Ascot (which this year
was held at York).

The Royal Ascot event required the
presenters to be able to move freely
around the paddock area to find their
interviewees, whilst still being able to
view a video monitor. Floorman enabled
them to do just that.They could review
the previous races (from video
recordings played out and transmitted
from a remote location 200 m away)
and comment on the ladies’ fashions
by following shots from cameras high
up in the grandstand.

Now that Floorman has proved itself in
a variety of television productions and
with a variety of applications we are
confident that there is a real market for

such a product.Two companies are
interested in manufacturing a Floorman
system under licence, with each company
aiming at a slightly different aspect of the
market.To support this endeavour we
provided them both with a Floorman
system to demonstrate at IBC.

WiFi production 
WiFi is a standard which has been
designed for use in the computer
environment.We think there may be
possibilities for use in the television
production environment too, but some
of the protocols are not ideal for

Wireless production

‘‘FFlloooorrmmaann  hhaass
pprroovveedd  iittsseellff  iinn  aa
vvaarriieettyy  ooff  tteelleevviissiioonn
pprroodduuccttiioonnss’’
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Twenty years after we first started working on DAB, and ten

years after we started public broadcasting, digital radio is

now becoming a popular method of listening in the United

Kingdom.This success means that we have been asked for

help to increase the coverage and the benefits that the new

system offers.
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We developed an encoder without
a psychoacoustic model (in the
traditional sense) but with a genetic
algorithm and audio quality metric.
Two factors govern the overall
performance of this encoder: the
length of time the genetic algorithm
is allowed to run, and how good a job
the quality metric does. Adjustments
to the quality metric alter the balance
of the quality depending upon the
source material. Getting a good
compromise required various
adjustments of the algorithm, which
was a time consuming exercise.

Once a final setting was settled on,
more rigorous listening tests were
carried out.We assessed the
performance over a range of different
test material, comparing it with a
leading-edge conventional algorithm.
While the results were very much
dependent upon the nature of the

audio test material, some significant
improvements were found.This suggests
that coding can be improved by a small
margin for certain types of audio.

This technique, using a quality metric
combined with the genetic algorithm,
is not restricted to one particular
audio format. It could be used with
any coding algorithm, for sound and
vision, where there is a choice of
parameters which can be selected to
improve the trade off between bit rate
and subjective quality.

Synchronisation of
sound and picture 
With early sound coding techniques,
the processing delay was fixed and
therefore predictable. Now, we are
finding that coders and decoders may
change the amount of delay, depending
on the parameters adopted.This may
not be too much of a problem with

radio programmes, but with television
there is a requirement to ensure that,
in new applications, the sound delay
and bit rate parameters remain
consistent with those of the video.

In most systems, the video coding
delay greatly exceeds that needed
to encode the sound and so a simple
audio delay can be introduced.With
some of the low-delay video coding
systems we have been exploring, the
normal sound coding delay becomes
the dominant factor, particularly in
processor-based implementations.
To explore these issues, we have
produced a hardware sound decoder
as a basis for development.This has
successfully implemented the normal
broadcast sound standard (MPEG 1,
layer 2) to give a benchmark delay
figure in a format directly compatible
with our video codec hardware.
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MPEG audio coding
with a genetic algorithm 
Just how good can an audio coder sound
at a given bit-rate? This is a question
many people ask. Has every last drop
of quality been squeezed from the
encoder with the best algorithms, or is
there still room for significant improvement?
We know there are limits to the quality
of an encoding algorithm, but how do
we know what they are? We have tried
to determine the natural limits of quality
to try to answer this question.

For DAB digital radio, the audio coding
uses the MPEG 1 Layer 2 standard.
The signal is divided into subbands,
and each subband is quantised.

For a given bit rate, the quality is
governed by the bit allocations for each
subband. Usually these are determined
via a psychoacoustic model which
allocates more capacity to the most

sensitive subbands, but this is difficult
to implement in a simple process.
There are many flaws and compromises.

If it is possible to try every reasonable
combination of bit allocation to find the
combination that produced the best
sounding output, then the solution to
the original question can be found.

The only true way of determining the
quality of coded audio is to carry out
listening tests, which involve lots of
time and human resources.When this
has to be done a vast number of
times every single frame, it becomes
an impossible option.Therefore an
automatic quality metric has to be
used that can assess each frame and
guide a search algorithm to control
the bit allocations.The design of such
a quality metric is not a trivial task and
has been a holy grail of audio engineers
for many years.While a perfect solution

has not been found, something that
gives a competitive performance has
been designed.

The other major obstacle is the
search algorithm. In digital radio, for
each subband there are many different
possible ways the capacity can be
allocated. Some choices give much
better quality than others. Constraining
the choices to sensible options can
reduce the time needed to search
for an optimum, but nevertheless the
number for an exhaustive search is
still too large to be feasible.Therefore,
an alternative search method was
adopted: a genetic algorithm. Its main
advantages are that it can adopt a
complex search requirement (in this
case, the audio quality metric), but
yet still be simple to implement. If there
is a shortage of processing time, you do
not have to wait until the algorithm has
finished before you get a reasonable result.

The BBC would not have been able to make the transition

to broadcasting digital sound if we had had to rely on full

bandwidth audio.There was insufficient bandwidth available.

Compression of the signal is imperative.We have been

broadcasting compressed digital sound signals for over

fifteen years, and have seen considerable advances in

compression technology during that time. However, there

are still operational issues which cause problems.

Audio coding
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Compressed video is an everyday part of the production

process.With it comes an array of different compression

standards, and methods of handling content and its

related metadata.The Pro-MPEG Forum was set up to

try to find a solution to the inevitable problems and

ensure interoperability of professional television equipment.

BBC R&D has provided the leadership of the Professional MPEG
Forum since its formation in 1998. Pro-MPEG has been primarily
responsible for the definition of the Material eXchange Format
(MXF) which is a major new file format for the television
production industry. Pro-MPEG has also defined important Codes
of Practice for achieving interoperability of streaming professional
video over ATM and IP wide area networks.

Most recently, Pro-MPEG has been defining an important Media
Dispatch Protocol.When transferring media as files within or
between organisations we can use standard file transfer protocols.
However we need to know what we are transferring, how and
when.This is the purpose of the newly developed standard, Media
Dispatch Protocol.We have been working with a number of
interested organisations, mainly facilities houses, to agree the
standard and implement an initial example.This example software
has been made available to everyone in an open source format.

Also, Pro-MPEG has been leading a group which is defining how
subtitles should be carried within the Media eXchange Format.

Pro-MPEG is not a formal standardisation body and has now
handed over ownership for the final stages of standardisation of
the Material eXchange Format to SMPTE. Also, having defined the
Codes of Practice for video streaming over ATM and IP networks,
further development of the use of these Codes of Practice has
been taken up by the Video Services Forum.

BBC R&D is continuing to lead the remaining work of Pro-MPEG
which is to complete the specification for mapping subtitles into
MXF. This will be followed by interoperability testing of
different implementations.

Initial demonstrations of these new standards at IBC 2005 showed
the potential of this work to provide the foundation for the next
generation of tools for digital production.
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Low delay, low loss
compression for high
definition systems 
One of the problems of high definition
television is the bit rate required for
communications around television studios.
This has made it difficult to develop and
deploy the ideal systems. As an example,
the 1080 line, 50 frames/sec progressive
scan standard may be ideal for use as
studio acquisition format, but a bit-rate
of 3 Gbit/s is required to transport it
in an uncompressed form around the
studio.This is inconveniently high, and
would probably require re-engineering
the BBC’s studio cabling if we were to
adopt such a system in practice.

Normally we associate compression with
delay, a lowering of quality, and difficulty
in monitoring. Hence compression in the
studio is difficult to accept.

We have developed a light compression
method that makes it possible to encode
a progressive scan signal into a format
that is compatible with the comparable
interlaced standard.This makes it suitable
for transport via a conventional HD-SDI
cable which uses 1.5 Gbit/s.The com-
pression introduces very little delay, and
has a novel feature, in that the compressed,
progressively scanned signal is recognisable
when displayed on an interlaced system.
This makes it easier to monitor and identify.

This so-called Mezzanine compression
system has been submitted to the
SMPTE, with the support of the EBU,
for consideration as an open standard.

Low delay, moderate
compression systems
Although many algorithms are developed
in software, the optimum speed and
efficiency is usually achievable only in
hardware. Our work developing hard-
ware compression systems holds the
prospect of allowing us to reach
enhanced levels of performance by
optimising the balance of picture quality,
coding delay and bit rate to suit the
individual requirements of new applications.

Although still in an early phase, our
prototype decoder has already shown
its potential by delivering a significantly
shorter and more controlled delay
when substituted for the decoder
of a commercial coder/decoder pair.
Meanwhile, we are developing an
MPEG 2 coder and decoder, seeking
to provide power-efficient and flexible
codec functionality in a convenient and
compact hardware format.

In the development, we have particularly
emphasised accurate motion measure-
ment (to allow the coder to compensate
for frame-to-frame movement), and
consistent mode decisions (to pick the
coding method best matched to the
prevailing picture content).The coder
hardware has provided a flexible basis
for algorithm development, with an
unrestricted choice of candidate motion
vector search parameters in the
neighbourhood of the current picture
position. Optimisation has been assisted
by the provision of on-screen displays
of motion vector arrows and colour

overlays of mode decisions, which allow
the consistency and accuracy of the
coding choices to be assessed on pictures
in real-time.We are also exploring both
sub-pixel interpolation, for greater
accuracy with small movements, and
extension of the search range to
accommodate faster motion.

The basic hardware techniques and
enhancements developed in this work
will allow us to address the requirements
of applications such as wireless production.
In the medium term we hope to extend
the coding benefits of hardware speed
and efficiency to other areas such as
Dirac or high definition television.

Open standards for
compression – Dirac 
In Dirac, we have developed an advanced
algorithm of our own, comparable in
performance with the latest standards –
MPEG 4 AVC and VC-1. Unlike other
algorithms, Dirac has been released as
royalty-free, open-source software.This
will encourage people to use the Dirac
software both to provide services and
as a basis for their own developments
and experiments. Freedom from fees is
increasingly important as internet delivery
(which predominantly uses proprietary
compression systems, which attract
significant licence fees) begins to become
the dominant delivery mechanism to our
audiences. Dirac can be used for a wide
range of video signals, from small, low
bandwidth signals for the internet or
mobile phones, through to high definition
broadcast services.

The BBC would not have been able to make the transition to digital broadcasting if we had had to rely

on full bandwidth video. Compression of the signal is imperative.There are many different compression

systems available.Although the vast majority of broadcast needs are met by solutions offered by the

MPEG series of standards, not all our needs are met.We have therefore been looking at a range of

compression technologies with different potential applications.This helps us to guide the BBC to use

existing standards optimally, and to offer alternative options when existing standards are inadequate.

Dirac has begun to mature into a viable
alternative system.We have produced
a draft specification, which we shall
submit for international standardisation
in 2006.This will mean that third parties
will be able to develop hardware and
software versions of Dirac of their own.
At the same time, our software has
improved dramatically in performance,
allowing real-time decoding of standard-
definition video and providing excellent
high definition pictures at bit rates as
low as 8 Mbit/s.

Some of the improvements in quality
have been achieved by moving away from
a simple metric minimising signal-to-noise
ratio to a more sophisticated metric for
video quality.

We have been developing Dirac in hard-
ware, using the same platform as for the
low-delay MPEG 2 system, our aim being
to inform standardisation and to provide
a ready-made toolkit for an enhanced
low-delay system in the future.

Dirac has stimulated considerable activity
in the academic sector, and using Dirac
as a basis we have funded a number of
collaborative studies to look into next-
generation technologies.These will
provide enhanced tools, but also explore
object-modelling and improved motion
compensation techniques, particularly for
video signing for the deaf and mobile
videophone applications.

Pro-MPEGVideo coding
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Many holders of content rights wish to
grant new permissions, using the new
technology positively to state specifically
what permissions are being asserted on
any published content. One of the issues
is whether the new technology can
provide adequate security. Has it the
ability to lock down content to be
available only at the times and places
which the rights holder identifies? 

Technologies for rights management
available fall into two main camps.

First, there are many protocols we can
use to describe the rights being asserted.
Rights expression languages have been
developed in many different standards
bodies, each optimised for a different
purpose: broadcast, mobile domain,
audio/video multimedia etc. In general
these rights languages are not as com-
prehensive as the legal rights documents
signed by the BBC’s content acquisition
teams. Nevertheless, they are all aimed
at content management.

Secondly, we have a range of technologies
aimed at enforcement of these rights.
Some of these systems are aimed at
restricting prime access – conditional
access or pay television systems.This is
established technology. Other systems
are aimed at restricting access after

acquisition.This is a relatively new area
and a much more difficult concept.
It relies on trusted systems, or a range
of technical and legal measures to
enforce the asserted rights.

As the home use of internet technologies
increases, so there is a new challenge
of granting access to BBC output by the
home viewer whilst honouring commit-
ments to the content creators that
underpin their business. A media-literate
society is emerging, in which the home
user will wish to create and distribute
content whilst maintaining ownership
of the fruit of their endeavours.

We are collaborating with others in the
media industry to devise open standards
that will enable better use of the inter-
connected nature of the next generation
of consumer electronics and meet the
new expectations and demands of
our audience.

We contributed to the TV-Anytime
standard on the signalling of information
to allow content consumption on an
interconnected rights managed platform
served by a broadcast signal.This may
help with projects such as the BBC’s
Creative Archive, where we are encour-
aging people to use and share our content
in novel ways. Metadata describing the
permissions granted is essential to make
this work in the long term.

We are working in the Digital Media
Project to bring together technologies
that can be used to assemble an
interoperable, rights-managed platform.
The project is keen to provide a
technological means and organisational

framework which will allow participation
in the media industry by both large
content distributors and individual media
creators wishing to distribute content
with only a minimum security overhead.

The DVB group is developing standards
to enforce usage restrictions on
commercial content.This may have an
important role in, for example, high
definition services.

If rights management is to work
consistently, we need to ensure that the
systems can operate on all emerging
platforms.The public is keen to use
programme content on a wide range
of devices.We want rights management
to work on a wide range of systems.
Open standards are the key that enables
competition and drives down costs.We
are investigating the standards currently
deployed in this area over enterprise
networks and some internet sites.

Rights work in both directions. Our
viewers are now contributing more
and more content to us.We have a
demonstration system showing how
a public key infrastructure can be used
to provide authentication over a network,
offering a secure and traceable route for
user-generated content into the BBC.

For the majority of the life of the BBC, rights management has been enforced through legal means.

Recently we have been encouraged to move to a process which is largely technical, controlling

consumer electronics equipment. In particular, there is an emphasis on the desire for networked

devices to have mechanisms for protecting asserted rights.
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The BBC has made a sustained invest-
ment in the development of suitable
standards over a five-year period,
collaborating with industry partners
and standards bodies through the
Pro-MPEG Forum, the AAF Association
and the SMPTE.

Two important file formats for programme
production have been developed and are
being adopted in commercial products:
the Material eXchange Format (MXF)
and the Advanced Authoring Format
(AAF).These two formats share a com-
prehensive and extensible data model
specifically designed to meet the complex
requirements of programme making.

The Material eXchange Format is opti-
mised for storing source material and
finished programmes together with
associated metadata.The stored meta-
data includes the name of the material,
track layout, picture size, frame rate,
compression type (if any) and anno-
tations such as operator comments,
user-specific data and descriptive
metadata schemes.This format is being
used in a range of applications such as
tapeless acquisition of media (e.g. on
optical disc and solid state memory
cards), non-linear editing, delivery of
finished programmes and packaging
digital cinema programmes.

The Advanced Authoring Format is
optimised for transferring intermediate
work in progress between post-
production applications.The stored
metadata includes composition data
(e.g. edit decisions) such as composition
track layout, chosen sections of clips,
alternatives, layers and effects, as well
as metadata used in common with the
Material eXchange Format.The Advanced
Authoring Format is used for transferring
edit decisions between different manu-
facturers’ editing systems, offline to online
transfer of edit decisions, offline to audio
edit, and archiving of edit decisions for
asset management.

The specification of the Material
eXchange Format defines several flavours
or operational patterns. An operational
pattern constrains the structural layout
of the material to one of a number
of well-defined variants.Two distinct
operational patterns have emerged
as being relevant to BBC applications:
OP1a and OP-Atom. An OP1a file
contains a single continuous piece of
material consisting of video and audio
tracks as required.This flavour is widely
supported and is appropriate when
transferring finished programmes.
An OP-Atom file contains just one
(video or audio) track of a piece of
material in a tightly constrained layout
together with the metadata to reference
other OP-Atom files that contain the
remaining tracks. OP-Atom, whose
standardisation was sponsored by the
BBC, is a good choice for source material
being accessed by a non-linear editor.
It allows for high-speed access to the
tracks of material that are required,
without the overhead of reading
unwanted material.

The transition of

production technology to

an infrastructure without

video tape can only take

place if there are accepted

standard file formats for

storing and exchanging

programmes and metadata

about those programmes.

Rights managementDigital media asset management

‘‘WWee  wwaanntt  rriigghhttss
mmaannaaggeemmeenntt  ttoo
wwoorrkk  oonn  aa  wwiiddee
rraannggee  ooff  ssyysstteemmss..’’
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Television over the internet, or IPTV as it
is often named, can provide programmes
in real time, or on an on-demand basis.

In addition, many premises would benefit
from a cheap method of internal
television distribution based on a single
networking infrastructure (rather than
different systems for each type of traffic –
costly RF cabling in the case of broadcast
services). New homes would benefit, but
there are particular savings for con-
ventional businesses, public buildings and
academic institutions. Offices, hospitals,
airports, railway stations and student halls
of residence are particular examples that
come to mind.

In some of these cases, people may
prefer to consume television and radio
services on a personal computer. At their
office desks or in their study at home,
users may wish to have one eye on live
news, say, while they are doing some
other work or browsing the web in
another window.The majority of users
would probably want to watch television
on a conventional domestic television
set. In this case, a simply configured
set-top box is amore appropriate IPTV
terminal device.

The BBC has been streaming audio-
visual media on the internet for some
years. Hitherto, this has been based on
a unicast model in which a dedicated
stream is sent to each individual user.
While this is entirely appropriate for
on-demand services such as the BBC’s
Radio Player, it is a highly inefficient
solution for live services where the
same information is being sent simulta-
neously to many thousands of users.
The present unicast infrastructure is
limited by the number of simultaneous

streams that can be generated. Short of
investing heavily in streaming capacity
that would only be used at peak times,
a more intelligent distribution architecture
needs to be found to support high
quality streaming to millions of users.

The enabling technology we are
investigating is called multicast. Rather
than duplicating the streams at the
head-end, it is the routers inside the
network that are responsible for
duplicating data packets as they pass
through in real time. By performing
the duplication as close to the end
users as possible, an efficient tree
structure in the network requires just
one copy of each media stream on
each link irrespective of the number
of downstream consumers.

The network is now more actively
involved in the task of stream distribution,
so the implementation of multicast
requires close co-operation between
the BBC as a broadcaster and the
broadband service providers.The BBC
is trialling the technology with an
increasing number of service providers
in an attempt to understand the feasibility
of this technique.We launched such a
service on 23rd February 2006, with
streamed versions of the BBC’s digital
television channels and most of the
radio services being offered in a range
of video formats for multicast streams.
The main aim is to ensure that we can
offer a suitable quality of service, enabling
a reliable television service to operate.
A little-appreciated side effect of using
multicast is that the system recognises
physical connections, and so the BBC
can restrict the primary distribution
of our programmes to consumers
within the United Kingdom.This fits

well with the BBC’s funding through the
licence fee.

At BBC R&D we are investigating the
use of different audio and video coding
options. Our aim is to achieve similar
quality to existing MPEG 2 services at
a fraction of the bit rate. Particularly in
rural areas, where digital subscriber lines
are limited to 1 Mbit/s or less because
of their distance from the local telephone
exchange, we need to reduce the bit
rate to quite challenging levels.

In addition to audio and video services,
it is important to consider the provision
of ancillary services such as subtitles, audio
description, interactive services and the
data that would allow a linear programme
guide to be presented at the user’s
terminal device. Our trials show that we
can deliver all the conventional features
of the standard broadcast services, and
more if desired.

Internet delivery potentially frees us
from the capacity constraints inherent
in the three traditional broadcast
delivery networks. Because we are
no longer constrained by terrestrial
or satellite bandwidth, there is an
opportunity to deliver a much richer
set of services via the internet, including
high definition channels. A hybrid
receiver could, for example, receive the
main linear channels from an aerial and
additional audio-visual services (live
multicast, unicast on-demand and down-
load assets) via its internet connection.

Equally, while on the broadcast networks
the variety of interactive choice is
constrained by bit rate budget, a
broadband-connected receiver can
access a vast array of content.

The three traditional ways of delivering television (terrestrial, satellite and cable) individually do not offer

complete coverage.Whether or not a consumer can receive a broadcast or cable service, television and

radio services delivered live over the internet could form a useful additional method for our licence fee

payers to receive our services.
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Offering our audience a wide choice of
material will lead to them wanting to
access it. In time, all the material will be
accessed, in some cases frequently, and
rarely simultaneously.There is a belief
amongst those who have not thought
about it that delivery of this content on
the internet is simple.We put it all on a
webserver and away we go.The reality
is far from that – up to 20 million homes
watching potentially 20 million different
things is non-trivial.This poses a number
of challenges for broadcasters.The
internet represents choice, and choice
is a challenge.

Moore’s Law is widely quoted as a
solution to all our technical problems.
Just wait and we will be able to do things
that we thought would never be within
our grasp.

Nothing can grow for ever, and we are
now seeing the early signs that Moore’s
Law may be vulnerable.We have to work
cleverer rather than quicker.

To address this potential problem we are
considering several options.The existing
protocols for delivery are based on
assumptions about the content and its
purpose.We believe that it may be
possible to derive more efficient
techniques to deliver this content.

In order to test our ideas, we need tools.
This led to the development of Kamaelia.

Kamaelia 
Connectivity between devices is
accepted as a tool, and rapidly becoming
an expectation. Creative areas in the
BBC are starting to explore new ways
of using that connectivity. However, their
ideas often run ahead of the available
tools. Implementation is a problem.
Thus, to explore this vision, we need
a new toolset.

This is where Kamaelia comes in.
Kamaelia is a toolkit, a library of software
components you can take and bolt

together; you can customise the
components and create your own
applications. It includes components for
unicast and multicast clients and servers,
backplanes, chassis, video encoding and
decoding, games, visualisation tools,
presentation tools, games tools, and
more. Kamaelia was designed from the
ground up to allow experimentation
with audio and video in a high volume
networked environment.

Kamaelia enables programmers of all skill
levels to experiment with components
in a networked environment. Network
systems are naturally concurrent, and
concurrency is often hard. Kamaelia is
trying to make concurrency natural and
easy to work with.

At BBC R&D we have used it for sending
subtitles to mobiles, building a networked
audio mixer matrix, using mobile tele-
phones to preview content on our video
recorders at home, joining multicast islands
together using application layer tunnelling
and even games for small children.

As we have developed the toolkit, others
have been developing applications
showing the power of the process.
Kamaelia has been used by BBC Radio
& Music Interactive to produce a
prototype system which records all
BBC Radio broadcasts.This also enables
prototyping for new services such as
podcasts of all of BBC radio, following
particular tastes or genres.This then
allows BBC Radio to work with industry
to decide how to move forward in an
informed fashion.

Kamaelia is aimed specifically at meeting
the challenges described. However, the
BBC and industry cannot assume that the
public will follow. Peer-to-peer systems
have shown that the internet community
– that is anyone competent, willing and
connected to the network – will go their
own way if the public is not involved.This
is why Kamaelia is open source. It allows
open collaboration with all.

In Building Public Value, the

BBC has committed to the

delivery of BBC content to

the British public over a

multitude of systems. Our

content should be accessible

and repurposable in ways they,

the public, choose.Whilst this

is exciting and promises

an intriguing future, when

applied to the internet, it does

require a revolution in the way

media such as video, and audio

are delivered, stored, and used.

We are exploring this vision.

TV for the internetThe grand internet challenge
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Although the main direction

of radio broadcasting is

towards a digital future,

we still have a huge audience

who listen to analogue

services. Ofcom is keen to

expand the use of radio for

community services.

Ofcom is licensing FM spectrum
for community radio in the major
urban conurbations.

Previous independent spectrum studies
have revealed that it is not an easy task
to find appropriate spectrum in some
areas because of the already dense
packing of public and commercial,
national and local services. Nevertheless,
we have actively supported this initiative
by steering a path to encourage the new
services on the one hand and protecting
existing and planned BBC services on
the other.

In particular, we have to consider the
impact such proposals would have on
our own plans for the introduction of
new BBC local radio services (as set
out in Building Public Value: the BBC’s
contribution to the debate over charter
renewal).We have already begun to
plan services in Somerset and Cheshire;
Dorset and Bradford are expected
to follow.

In the past, it was convenient to assign
BBC and commercial services to
different frequency sub-bands.This
distinction has been abandoned as
the only frequencies available for
some of the proposed new services
are amongst existing BBC national
and local services.There could be
interference if transmissions are
separated by a frequency difference
close to a receiver’s intermediate
frequency. In order to find a mutually
acceptable mechanism to agree
community radio proposals we
supported the establishment of
a technical forum with Ofcom.
This forum has reviewed the guidelines
for implementing community radio
services, in particular the constraints
that apply when there is an adverse
frequency relationship between the
interfering signals.We have subscribed
to a set of rules which set out a useful
framework for future assessment.This
will allow the introduction of an
important new radio offering, but will
also contain sufficient provisions for the
protection of reception of BBC services
by our listeners.

The traditional forms of broadcasting
(except cable) are conveyed by radio
waves to our listeners and viewers.
So are many of the new media formats,
whether by mobile-phone technology,
or wireless networking, etc. Furthermore,
we make use of all manner of wireless
links in the course of producing programmes.
Broadcasting is highly dependent on
these wireless transmissions being free
from damaging interference.

Unfortunately there are many actual
and potential interference threats.
We use our broadcast frequencies
for low power radio microphones,
but the advent of digital services, there
is less flexibility than before, although
there is increasing demand. Our radio
cameras operated in frequency bands
which are now being reassigned to other
new services. And our broadcast bands
are vulnerable to new regulations on
electromagnetic compatibility.

We have been monitoring the progress
of new proposals.We try to contain
some of the less desirable consequences
by influencing regulation, acting in
concert with other affected parties,
e.g. through the European Broadcasting
Union.We also put our case to standards
organisations, for example the British
Standards Institute, in order to influence
the United Kingdom’s position in
commenting on draft European
standards.We have observed that many
of these new proposals, if exploited to
the limit, could adversely affect broadcast
services. In some circumstances listeners
and viewers may be unable to receive
a broadcast that they could legitimately
expect to receive.

The BBC makes use of a wide

range of spectrum during the

making of programmes.

As wireless systems become

more capable, we are able to

offer new services. However,

we are not alone.The rest of

the world is developing new

business uses for spectrum,

which is now becoming

more and more congested.

The regulator, Ofcom, is

promoting a new liberal

regime for the regulation of

spectrum.We have to under-

stand the issues, so that our

systems can to work in the

new environment.

The licence fee is the foundation of the BBC.This unique method of

funding provides us with the ability to offer the wide range of

programmes, for all the community. For the system to be effective,

we have to ensure that there is a strong acceptance by our public

that they should pay the licence fee. Our part in the process has

been to help provide tools to identify those unlicensed homes which

do have operating televisions.

We do have a worry about talking about this openly.There are
commercial and political reasons which prevent us from providing a
detailed outline of the considerable work we have done in this area.

For many years we have been developing the technology that has
been used very successfully to detect the use of unlicensed
televisions.We can identify unlicensed premises, and whether or not
there is a television operating in the house.

This year, we have enhanced the van-based detection systems and
have just completed the development of a hand-held detector which
is about to be manufactured and deployed by TV Licensing Unit.

Analogue radio planningSpectrum strategy

TV licensing
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Spectrum Planning 
Spectrum planning work for switchover
affects more than the BBC, and so we
have been collaborating with other
players in two separate national groups,
the Joint Planning Project and Digital
UK’s Regional Rollout Group.

In the Joint Planning Project, we developed
the United Kingdom’s switchover plan.
This was originally conceived in the
Government’s project, the Digital Television
Action Plan, to optimise the plan and
improve coverage. In the Regional Rollout
Group we studied the implementation
of the switchover process with the aim
of achieving a seamless transition to
digital services with the minimum
disruption to analogue services.

Early in the project, the goal of replicating
the agreed analogue coverage of 98.5%
was within our grasp. At that time we
predicted the digital coverage to be 98.3%
of households in the United Kingdom
based on the DVB parameters then
expected to be employed for switchover.
Around that time Ofcom launched a
coverage consultation, seeking broadcasters’
views on the preferred DVB-T mode for
the post switchover network. As a result,
all the digital broadcasters recommended
the use of a different, higher capacity
option: different modulation and error
correction (and, incidentally, number of
carriers) but with no compromise on
coverage. Ofcom endorsed this proposal
on the understanding that the target
coverage could be achieved with a small
number of additional transmitting stations
and a modest number of power increases.
The increase in the number of carriers
from nominally 2000 to 8000 enabled
single frequency network solutions to
be incorporated in the planning and this
enabled us to find ways we could meet
the target of 98.5% coverage.

In the Regional Rollout Group we
recognised that switchover is too large
a task for the entire United Kingdom
to change concurrently.Therefore it
was agreed that switchover would be

implemented on a regional basis by
ITV region, with regions being switched
one at a time and that the coverage
of each main transmitting station and
its associated relays would be the smallest
unit of change.The big question then
became the order in which the regions
would be switched over. Moreover, the
plan from the Joint Planning Project
contained a number of inter-regional
dependencies: sometimes one region
has to be switched over before another
and at other times regions have to be
switched over simultaneously.The scope
of the exercise extends beyond the
United Kingdom as there is a need
to avoid switching over areas close to
neighbouring countries prior to their
switchover dates.

The switchover plan was confirmed
by Tessa Jowell at the Royal Television
Society’s conference in Cambridge in
September 2005.

At our Open Days, we demonstrated the
complexity of the arguments associated
with the order of switchover, using a
computer game created specifically for
the event.The game gave visitors the
opportunity to try their hand at switch-
over and see it they could beat the
experts. No-one succeeded! 

It is the BBC’s aim that all analogue relay
stations are converted to broadcast
digital signals.The vast majority of these
stations are fed by off-air rebroadcast
links and it is advantageous if a similar
arrangement can be used for the
switchover network. However, a digital
link requires improved margins due to its
rapid failure characteristics.We have
improved algorithms, using data from our
long- and short-distance measurement
campaigns collected over several years, to
improve our propagation predictions for
digital links.This has enabled us to judge
the viability of every single rebroadcast
link in the switchover plan.

The ambitious programme for digital
switchover will only be possible if the

frequencies can be internationally
coordinated at the Regional Radio-
communication Conference to be held
in Geneva in May/June 2006.To facilitate
this we have been working in preparatory
groups of the European Broadcasting
Union, CEPT (the European body of
telecommunications policy-makers and
regulators) and the International
Telecommunications Union. Indeed, under
our chairmanship, we led the CEPT project
team tasked with establishing the planning
principles to guide the European strategy
in the process. Furthermore, we pioneered
the concept of pre-coordination between
neighbouring countries as the means to
achieve a successful outcome for Europe
and have actively participated in bilateral
and multilateral groups to this end.

Software tools in
support of switchover 
The United Kingdom Planning Model is
the core prediction algorithm used in our
current software planning tools. It is con-
sidered to achieve a reasonable balance
in terms of accuracy of resolution (down
to a 100 metre grid) and processing
speed.We collaborated with our
co-developers National Grid Wireless
and Arqiva to produce a version suitable
for planning single frequency networks.
Although originally developed for
television in Bands IV and V, we are also
developing a version of the model that
will be suitable for predicting mobile
reception of digital radio in Band III.

This year we have made full use of
Spaghetti (software developed in-house
for detailed small-area planning).This
PC-based tool features a geographical
user-interface linked to transmission and
terrain databases. A portable version
is being developed for use at the forth-
coming Regional Radiocommunications
Conference. Our CAT tool, developed
for large-area coverage predictions,
has also been extended in functionality,
for example to incorporate the
modelling of coverage to existing
receiving antennas.

Receiver improvements 
Our work on reception-related issues
for switchover, carried out in co-operation
with the rest of the broadcast industry,
will help to underpin the process of
switchover.Within the Digital TV Group,
we have worked with receiver
manufacturers to develop demanding
performance targets and test methods
for receivers, which will now be
harmonised across Europe.

We pioneered new techniques for
evaluating the effects of impulsive
interference on reception, which were
agreed by the Digital TV Group and by
industry across Europe.The technology
behind our impulsive noise test generator
has now been licensed to a major test
equipment manufacturer. As a result,
we have helped to make the agreed test
signals available to manufacturers of
Freeview receivers.This should help to
improve the performance of receivers
in the demanding domestic environment.

Using the newly-agreed test waveforms
for impulsive interference, we conducted
a series of tests on representative
Freeview set-top boxes.The aim of these
tests was to check the performance
of the receivers in different transmission
modes. After gathering a significant
amount of data, we were able to confirm
that, under these test conditions, there
is indeed a worthwhile benefit from the
use of the increased number of carriers
adopted in the proposed transmission
mode. However, it needs to be remem-
bered that in the real world, impulsive
interference varies enormously, and so
we have initiated some work to assemble
a receiver which will allow us to gather
more data about the effects of real
reception conditions upon different
transmission modes.

We have picked up a suggestion from
National Grid Wireless and developed
a test signal that could be used as an
on-screen indicator of signal strength.
This analogue test signal could be trans-
mitted in areas where television signals

are scheduled to be switched to digital
in the coming months. It would give
viewers an early indication of whether
they are likely to be able to receive digital
signals, or whether they ought to get
their aerial system checked in advance.
There is still much work to be done to
develop such a test signal, which we are
doing in collaboration with Digital UK,
but the initial indications for the tech-
nique are promising.

Making it easy 
for the viewer 
At each transmitting station the switch-
over process is phased. At switchover,
digital multiplexes take over the analogue
frequencies. Each time a multiplex moves
frequency viewers will need to re-scan
their receivers in order to receive their
digital services.The BBC has participated
in the development of a proposal for
signalling to receivers in specific regions
of the country automatically to perform
a rescan in synchronism with the fre-
quency change.We hope this technology
will be deployed to make the switchover
process much less disruptive to viewers.

As transmitters’ powers are increased
and the network is restructured,
receivers will discover many more
services.We are considering whether
the current signalling and architectures
are appropriate for the future.

Switchover – the transition from analogue to digital television

Planning for television

switchover has taken on

a new urgency with the

Government’s commitment

to switchover. It is definitely

going to happen and a

detailed schedule has been

agreed.There are two main

areas of concern: how to

arrange the process of

switchover to provide our

viewers with continuous

coverage, and how to ensure

that receivers are on the

market which perform well

and are readily available for

the public.
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appearance to those captured on film,
and this makes this format popular
for some types of programmes such
as drama.

For delivery, a 720-line, progressive
system may require less transmission
capacity than the equivalent 1080
interlaced system. However, standards
conversion is not a trivial exercise and
so the choice of transmission standard
is still being considered.

Compression standards define only the
format of the output from the coder –
there is no prescribed method of coding.
Different manufacturers can offer
different types of coders with different
compromises between price, quality and
speed of coding.Today’s reference
software encoder codes good quality
high definition pictures at around 8 to
12 Mbit/s. Hardware coders may require
more than 15 Mbit/s for some of the
more complex image sequences.

Multichannel sound 
The HDTV experience is enhanced
by the use of multichannel sound, so
we have started discussions with the
BBC’s programme departments to find
ways of including multichannel sound
in a wide variety of programme genres.
We have been working with the
European Broadcasting Union, where
production and transmission experiences
of the European broadcasters have been
shared, demonstrated and discussed.
We have found it particularly valuable
to share information on the behaviour
and misbehaviour of set-top boxes when
multichannel sound is being broadcast.
As a result of the European Broadcasting
Union’s work, a manufacturers’ forum
has been established to rationalise
performance requirements and Dolby
have set up a testing facility for
manufacturers. By this means, users
should be spared many of the problems
that early adopters have suffered in the
last 18 months.

The trial 
The purpose of the trial is to gauge
audience interest, and to consider the
impact of choice of infrastructure on
reception, set-top box performance
and capacity requirements.

The first issue is whether the public
would really appreciate the benefits
of HDTV. BBC Audience Research has
already carried out a public survey to
see if the time is right for a broadcast
trial.We designed and assembled for
them a portable demonstration system.
People were shown a comparison of
high definition and Freeview programmes,
as they would be seen at home.The
tests clearly showed that the public
do see a valuable improvement in
picture when we switch from standard
definition delivery to high definition
on large displays.This is the main
reason we should move to a high
definition format.
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Although there are regular broadcast
services in many countries, the BBC had
decided in the past not to deliver in high
definition format because suitable displays
were not readily available at an affordable
price. Now large flat panel displays (many
HD Ready) are becoming the dominant
product in many consumer electronics
showrooms, and their price is dropping
rapidly.The time for high definition
services has come. Even though some
countries already have high definition
services, there are several questions, both
technical and programme related, which
need to be addressed before the BBC
can settle on a formal proposal for a
public service.

Picture quality 
High definition pictures contain about
twice the detail, both vertically and
horizontally, of standard definition
pictures.This results in about four to five
times the information content. If we stick
with the video compression system used

for conventional digital television
broadcasting (MPEG 2) we would be
severely restricted by lack of spectrum.
New video encoders such as MPEG 4
AVC help reduce the extra capacity
required to about three times that of
standard definition pictures.

The BBC would like to offer a broad
range of services.There will be
competition between the services for
capacity, so we need to clarify the
minimum bit rate required to deliver
high quality pictures.We have to make
an allowance for the characteristics of
practical equipment, including the
potential benefits that can be achieved
with statistical multiplexing.

Many parameters affect the required
bit rate (or picture quality given a
pre-determined bit rate).The nature
of the image (static or moving rapidly,
detailed or plain) provides the greatest
variation in performance.The type of

display, and the high definition format
both play a part too.

There are many possible formats for
high definition television. For studio
production, the BBC has chosen an
interlaced format with 1080 lines.This
is a pragmatic solution which recognises
the limitations of today’s equipment.
A progressive scan has the potential
for better quality and may be easier
to encode.We may see a change to
progressive in the future as equipment
develops to match the capabilities of
the new standards.

There is also a system called progressive
segmented frame. A progressively
scanned frame is split or segmented
into two interlaced fields.This gives us
a method of delivering a progressively
scanned signal over an interlaced
transmission format, but only at a low
frame rate of 25 frames per second.
The resulting images are very similar in

The BBC intends to carry out a trial of high definition

television (HDTV) broadcasts starting in June 2006 and

extending for nine to twelve months.This trial will

investigate both the programme content and technical

aspects of delivering HDTV services.

High definition television
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Reverse standards 
conversion
BBC Worldwide commissioned us to
solve a problem that was preventing
the release of some archived television
programmes on DVD.

Many programmes in the archives from
series such as Doctor Who, Up Pompeii!,
Doomwatch, and the BBC’s first colour
drama Vanity Fair, only existed as NTSC
conversions from the (now lost) PAL
master tapes.The material, when
converted back to PAL by normal
means, was deemed unsuitable for
reuse on technical quality grounds.

The NTSC conversions had been created
in the early 1970’s using a pioneering,
BBC-designed standards converter.This
had introduced interpolation artefacts
into the material.These artefacts were
compounded upon reconversion.
Technical reports detailing the design
of the converter showed how the
interpolation had worked. Software was

written to unpick the interpolation
applied, and thus reverse the standards
conversion of the NTSC material.The
software was designed to run in non-real
time on a personal computer: it was
cheaper that way.

Two episodes of Doctor Who were
experimentally converted for BBC
Worldwide.They were pleased with
the results and as well as releasing the
conversions of The Claws of Axos on
DVD, they commissioned a DVD extra
explaining the need for reverse standards
conversion and how the problem was
tackled.This extra was filmed at
BBC R&D at Kingswood Warren, and
presented by Jack Pizzey (who had also
presented a feature in 1968 about the
original Mk2 B converter).

BBC Information & Archives have now
used the software to reverse convert all
of their candidate material, and have
provided access to these usable versions
within the television archive.
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Which format should we use, and how
should we deliver it? 

The trials will cover as many delivery
methods as possible in line with the
BBC’s policy of platform neutrality in
the delivery of services.We are helping
BBC Strategy draw up plans for satellite,
terrestrial and cable delivery and to agree
them with the relevant service providers.
Broadband is also being considered
separately. Experiments in multicasting
high definition material on 8 Mbit/s ADSL
have been successful and HDTV forms
part of the latest Interactive Media Player
trials by BBC New Media.

High definition broadcasting involves
a number of technologies that are either
new to the distribution chain or need
significant alteration for the high
definition environment:

• the video format is new (obviously) 
• the video coding is likely to change

to MPEG 4 AVC 
• there is an expectation that surround

sound will be widely offered 
• the increased screen resolution has

implications for interactive services
and subtitles 

• there is an opportunity to use a new
modulation scheme (known as
DVB-S2) on satellite channels to
improve the capacity available.

From our experience of the current
practice on digital platforms and our
knowledge of the new technologies,
we have been providing the technical
leadership for the trials. Many of the
BBC’s operational systems are now
managed by external companies.
We coordinated the specifications for
the technical architecture for the trial.
We had to pay particular attention to
ensuring that appropriate specifications
are used for the passage of signals
between the BBC, its operational
partners Red Bee Media and Siemens,
and third parties including Sky (for the

satellite trial) and Telewest (for the
cable trial).

The trial on terrestrial television presents
additional challenges, partly because of
the relatively limited development of high
definition functionality in terrestrial
receivers, but more significantly because
of the need to avoid adverse effects on
the large existing population of standard
definition only receivers.We worked
together with other broadcasters,
manufacturers and organisations such
as the Digital TV Group to ensure a
successful trial of terrestrial delivery of
high definition.

Because of the technical uncertainty in
a number of areas, we are incorporating
aspects of the high definition services
into the digital television test-bed.This
will help us understand the implications
for the complete broadcast chain prior
to operational deployment. It reduces
risk and provides valuable input to our
collaborations with suppliers and other
parties involved in the trial.

Other opportunities for
terrestrial broadcasting 
There is more capacity for high definition
services on satellite and cable systems
than on the terrestrial network.This sets
us a short-term challenge if we wish to
broadcast similar high definition services
on terrestrial frequencies.

The release of terrestrial spectrum as
analogue services are switched off as
part of digital switchover between
2008 and 2012 offers one mechanism
to introduce high definition services.
Ofcom is considering how much
spectrum might be available (there is
likely to be competition from mobile
television and wireless home networks).
Assuming HDTV could be allocated
terrestrial spectrum, we may still find
it difficult to introduce new services in
all areas of the United Kingdom until
switchover is completed.

We have demonstrated a method of
downloading programmes in non-real-
time to a suitably equipped receiver.
It may be possible to download pre-
recorded programmes slowly on the
existing terrestrial network. A trigger
signal then initiates replay of the
downloaded programme at the time
the scheduled programme is broadcast
in standard definition.The receiver
automatically switches from the standard
definition broadcast to the high definition
version.We believe that there may be
enough capacity to provide a small
quantity of high definition services in
peak time evening viewing using this
technique. It is not ideal compared to a
full time channel; a particular problem is
that it can’t show events live, but it may
provide a stop-gap for areas not yet
reached by switchover. We cannot
commit to adopt this technology until
we have tested the concept in trials.

Further ahead, some of our work
on new wireless systems such as MIMO
may offer a way to improve the capacity
of all terrestrial networks.There would
have to be major changes to the
transmission and reception systems,
so there are legacy issues and we would
have to coordinate the new spectrum
usage through international negotiations
before any such benefit could in practice
be obtained.

Is it high definition?
All the work we have done in the lead
up to the launch of the pilot shows
that we cannot process any part of the
programme using standard definition
technology without it being noticeable.
As it is still cheaper to use standard
definition technology, there may be
commercial pressures to deliver such
material.When this problem was
mentioned, we rapidly created a simple
piece of equipment which accurately
identifies those pieces of content which
are truly high definition, and those
which are not.

High definition television continued

The BBC’s archives contain

some programmes which

might be commercially

valuable if it were not for

the poor technical quality

of the episodes available.

We were asked to

help recover the material,

improving its quality, as we

already had developed the

techniques in research

projects some years ago.

Archive restoration

‘‘SSooffttwwaarree  wwaass  wwrriitttteenn  ttoo  uunnppiicckk  tthhee
iinntteerrppoollaattiioonn  aapppplliieedd,,  aanndd  tthhuuss
rreevveerrssee tthhee  ssttaannddaarrddss  ccoonnvveerrssiioonn
ooff tthhee NNTTSSCC  mmaatteerriiaall..’’
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can adopt is to make the best use of the
alternative-frequency switching provision
in the standard.This enables a receiver
to exploit the fact that a transmission
may be available on more than one
frequency.The challenge is to switch
entirely seamlessly without the listener
having to do anything.We have already
demonstrated that this can be done
using frequency-diversity techniques
(wherein part of the receiver circuitry
is, in effect, duplicated) but in principle
it should be possible with simpler
hardware with a single front-end.

Logging receivers have been in place in
team members’ homes for some time so
that we can monitor the performance in
real-world conditions.We also made an
extensive series of mobile measurements
in the United Kingdom and in Europe.
These all add to our confidence that
there are no hidden weaknesses in the
system and it is ready for the imminent
launch of real services.

Although there is a clear application of
Digital Radio Mondiale for BBC World
Service, the standard may have a future
role in the domestic market.The logging
and survey measurements have helped
us to understand how we could plan
such a domestic service.

AM signalling system 
Analogue transmissions worldwide will
not all switch to digital overnight so we
must try to simplify the transition for the
listeners.That is why we have developed
and promoted the AM Signalling System.

The AM Signalling System adds extra digital
information to analogue AM transmissions
to identify the broadcast by name and to
provide alternative frequency information.
This allows a radio to offer the listener
the choice of switching over to DRM when
available. It also ensures that analogue
broadcasts can appear in the named list
of available stations on a combined
Digital Radio Mondiale and AM receiver.

The AM Signalling System has been
published as an ETSI specification and
we completed the design and testing of
our in-house modulator which has been
installed at BBC World Service trans-
mission sites in Cyprus and the United
Kingdom.The transmissions target
western Europe and are designed to
support the BBC’s launch of services
using the Digital Radio Mondiale system.
The signalling data is generated centrally
at Bush House and distributed to each
site by satellite to allow the information
to be dynamically controlled.

We have developed a decoder for the
AM Signalling System and made it avail-
able in an open source Digital Radio
Mondiale receiver implementation. Some
of the first commercial Digital Radio
Mondiale receivers will incorporate the
decoding of AM Signalling System.
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BBC World Service uses short wave

transmissions for much of its international

broadcasting, and DAB was not developed

for us in the short wave bands. Digital Radio

Mondiale provides the solution.This system

is just coming out of the laboratory and starting

to be used in real services.

Digital Radio Mondiale (DRM™) is
the system for digital radio broadcasting
in the long- medium- and short-wave
bands – the bands used for AM
broadcasting since the start of radio.
BBC R&D has been a key player
in the development of the system
since the Digital Radio Mondiale
consortium was founded in 1998.
The focus of our work has shifted
from the theoretical work needed at
the beginning towards ensuring that
everything is in place (from distribution
and transmitter infrastructure to
receivers) for the launch of broadcast
services to consumers.

The most pressing need for Digital
Radio Mondiale within the BBC is
for BBC World Service transmissions,
exploiting the long-range propagation
possibilities of these frequency bands
to bring BBC broadcasts to audiences
in other countries, without being subject
to gatekeepers.The new service offers

listeners better audio quality and greater
user-friendliness than the present
AM transmissions.

The Digital Radio Mondiale system isn’t
only for international broadcasters. A key
objective has been to ensure that the
needs of all broadcasters, large and small,
international and local, are catered for,
ensuring that the system can achieve a
large penetration. Only in this way will
there be a base of listeners with receivers
to whom BBC World Service can address
its broadcasts. Promoting the success of
the system around the world helps the BBC.

One example of this is the way that
various broadcasters, BBC World
Service being just one, have focused
their attention on a launch of services
into a part of western Europe (France,
Germany and the Benelux countries),
together with manufacturers planning
to launch their first consumer receivers
into the same region.

Another example is our participation
in the development of an extension
of Digital Radio Mondiale to provide a
mode which could be used in the FMband.
The existence of this option will make it
more likely that certain countries will
adopt the Digital Radio Mondiale standard.

We have licensed our know-how in
receiver techniques to several manu-
facturers.This is at last beginning to bear
fruit. Several early prototypes were on
display at the Internationale Funkausstellung
in Germany and the International
Broadcasting Convention in Amsterdam.
These demonstrations have given us
confidence that if a broadcaster launches
a service, there will be receivers in the
market very soon.

Although Digital Radio Mondiale may
be a lot better than the existing analogue
services, the propagation conditions in
the short wave band in particular are still
very challenging. One improvement we

Digital radio mondiale



CCrreeaattiivvee OOppeenn DDiiggiittaall SSiimmppllee OOuurr  wwaayy  ooff  wwoorrkkiinngg

BBC R&D ANNUAL REVIEW 39APRIL 2005 – MARCH 200638

The development and deployment of
the latest version, SID 3, was completed
in 2005. It has been in full operational
use for both television and radio
schedules since March 2005.

The system is based on a distributed
architecture with the bulk of the
processing done on centralised
application servers.Various processes
running on these servers connect to
each other, and to the client on the
users’ computers, using Corba as the
middleware.This brings many advantages
over previous versions of the system,
including scalability and resilience. If the
system requires more processing power,
for example to handle more channels,
this can be done with the addition of
more application servers. Failed processes
are restarted automatically with no effect
on the user or outputs.

The thin desktop client used by the
schedule editors to enter the data for the
electronic programme guide does not
contain any of the business logic needed
to handle schedules.This means that if
the requirements of the system change
then the software running on the
application servers can be changed
without having to replace any of the
software on the users’ computers.

SID 3 is also more flexible than
previous versions. Extending the data
in SID is a simple configuration change,
and does not require any development
work or the replacement of any software
components. Changes can be made
without even the need to restart the
system.The addition of much of the data
needed to support TV-Anytime is such
a configuration change.

A free satellite service 
The BBC was a leading player in the
development of the Freeview platform.
The benefits of an open system have
been demonstrated by the rapid growth
in the number of viewers buying
new receivers.

One of the consequences of this success
is that there is an open question – should
the BBC be involved in a similar project
for satellite delivery? The BBC included
a free satellite service in its proposal
Building Public Value. As a consequence,
BBC R&D has taken measures to under-
stand the key technical issues. If this
becomes a live business issue, we have
done the background work to ensure
that there is no technical barrier to
delivery of a free satellite service.

Audience research 
How many viewers click the red button
on their digital television? 

We have devised a method of measure-
ment that adds a small index mark to
each interactive page.The rendering
engine in the digital receiver creates this
index mark which is usually invisible. It can
be detected and logged by a new meter
that the Broadcasters’ Audience Research
Board is developing in consultation with
us.The Broadcasters’ Audience Research
Board collects audience figures by
installing meters in households that
have agreed to have their viewing habits
monitored.The method could be used
on satellite, cable or terrestrial services,
although it will be tested first on
terrestrial services.There is strong
interest from other broadcasters.

BBC Marketing, Communications and
Audiences find it difficult to collect
audience figures when our programmes
are watched on mobile phones, com-
puters or video recorders etc. Can we
devise a universal system, to keep costs
down, that produces consistent results?
The BBC has joined with nine other
media organisations in Europe in project
ARENA, to try to find an answer to
this question.

It is no simple matter to deliver our programmes to the public.

The new digital platforms, satellite, cable and terrestrial, are highly

developed systems. Each has its own set of protocols. Red Bee

Media and Siemens provide the operational services, interfacing

between the BBC and the network operators (National Grid

Wireless, BSkyB,Telewest and NTL). If we wish to start new

services such as high definition delivery, we need to ensure that

all the consequences are recognised to avoid disruption to

viewers of the existing services.

High definition services 
This year, HDTV has been the issue
with the highest profile, in particular
the proposals for a trial starting in the
summer of 2006.

We have explored different scenarios
for accommodating the trial alongside
both existing services and other possible
service developments on digital satellite.
Although this trial has a definite timespan,
if it is successful it could pave the way
to the start of a full service so we
need to set up the system with the
capability to be used as part of a longer-
term operation.The BBC has been
working with Siemens to establish the
best technical approaches to the use
of new capacity, and to assess the
implication of migrating existing services
between transponders.

Other new services 
In terms of new service launches on
digital television platforms, this has been
a relatively quiet year.The BBC launched
its trial of Local TV, a service for the West
Midlands offering news bulletins at a level
of granularity similar to that of local radio.
We helped by specifying the service
configuration for the digital satellite
element of the trial.

A less public, but still significant
development, was the addition of DVB
subtitling components to selected digital
satellite services. Now we can use the
satellite signal as a re-broadcast source
for cable television. Before implementation,
we had to prove that we could add
these components without disruption
to existing receivers. Following testing
on a range of receivers, a proof-of-
concept transmission was carried out.
We devised a technique that allowed
this test to be performed at virtually
zero cost.The success of this test gave
the BBC the necessary confidence to
proceed with the substantial capital
project, carried out by Siemens, to equip
other services with DVB subtitles.

System architecture 
Today’s delivery systems have evolved
progressively but incrementally since
the start of digital television services.
Now we have new technologies, new
strategic priorities and new operational
relationships.There is a sustained
pressure on our multiplex capacity, but
making even minor service changes is
becoming more complicated because
we have to ensure an increasingly
reliable and resilient delivery.

So it is a good time to reexamine the
technical architecture and infrastructure
used to code and multiplex our television
channels.We are working closely with
Siemens and BBC colleagues to scope,
specify and design a suitable system to
take us through the next decade.

The technology to deliver
programme guides 
SID is the workflow which produces
editorially approved schedule data
suitable for sending to a variety of
different platforms.

SID was originally built as a traditional
client-server system where the server
was the schedule metadata database.
This was simple but had several draw-
backs. It was relatively inefficient and
expensive to manage software distributions.

One of the most frequent requests
concerned dealing with several people
making edits to the same data at the
same time – is there any way that all the
users can see the latest change straight
away? With the client-server architecture
we could not implement this in a rugged
way. So we designed a new architecture
with a middleware layer between the
clients and the servers.

Delivery of digital television
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MIMO for broadcasting 
Shannon’s limit for the capacity of a
channel assumes that we only have
access to a single channel. If we broad-
cast a signal from several antennas, and
receive on several antennas, we have
created a system with many channels.
In practice, this gives us a much greater
capacity than we had from our simple
system.We have been studying the use
of multiple input, multiple output systems
(known as MIMO) as a possible terrestrial
broadcast technique.

The work started with a theoretical study,
which showed that two distinct signals
could simultaneously be transmitted
on the same frequency with horizontal
and vertical polarisation, which in
principle doubles the capacity of such
a link. A receiver using MIMO processing
should be able to decode the two
separate signals.

In order to test this idea further, we have
assembled a fully working transmitter and
receiver. Initial over-air transmission tests
have confirmed the basic principles, and
further laboratory testing is now required
to verify their performance in detail.
Although each individual MIMO system
delivers greater capacity, we have a lot
of work to do to show that this capacity
increase is feasible within a broadcast
network.Any major changes to a broadcast
transmission standard would have to be
agreed through standardisation before any
such benefit could in practice be obtained.

MIMO for high-
capacity studio links 
MIMO can also be used for high-capacity
studio links. Initial simulations have shown
that four transmitting and four receiving
antennas may deliver a rugged 72 Mbit/s
in an 8 MHz bandwidth.This is around
three times the capacity currently
available and might be suitable for high
definition cameras.

WiMax 
WiMax is like WiFi (the system for
wireless local networks) on steroids!
Its maximum transmitted power (EIRP)
is 2 W, compared to 100 mW for WiFi.
It offers greater bandwidths: enough for
good quality television links, and
potentially greater transmission distances.
We have been testing these claims.

We found that a clear path will allow
transmission at 20 Mbit/s across 20 km,
but trees and buildings will block the
signal, reducing the possible path.

If the BBC wishes to deploy such systems,
then we have to consider suitable fre-
quency bands. Ideally we would work in
a licensed band if we want the reliability
of access appropriate for live broadcasts.
Two lower bands around 3.5 GHz are
licensed to two existing operators.
Alternatively mobile operations will be
allowed in a 5.8 GHz band by anyone
buying a modestly-priced permit. How-
ever, if as some commentators have
predicted,WiMax becomes popular, this
band may become as congested as the
licence-free 2.5 GHz band.
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Television to mobile
and handheld receivers 
There are several technical options
available, for example DVB-H which
is a special form of the digital terrestrial
television standard,T-DMB which is
an extension of the digital radio
standard, 3G mobile and WiBro
(one of the options for broadband
network distribution).

Some network operators have been
experimenting by setting up trial services.
BBC content was available on at least
two of these.The aims of such trials tend
to be more focussed on the business
case for the services, rather than detailed
technical issues.

We have been studying the technical
issues, whilst keeping in mind the impact
such issues might have on the business
cases. It seems likely that a much more
dense network of transmitters will be
required for such services than has been
the case for broadcast services to date.

One of the trials (in Oxford, led by
Arqiva) used the DVB-H standard. In
collaboration with Arqiva, we are working
to understand in detail the performance
of DVB-H based receivers. Improvements
in receiver performance could reduce
the transmitter power, or improve the
coverage area. Our large G-TEM cell
allows an entirely predictable and
uniform electromagnetic field to be
created, which in turn allows us to
make accurate performance
measurements on DVB-H receivers.
We are trying to assess the performance
of the receiver in isolation, or under

conditions which replicate the presence
of a nearby person.The use of a G-TEM
cell is often necessary for such
measurements, since the receivers
normally have integrated antennas.

This work extends the measurements
that we conducted in the early days of
digital radio and television, allowing us to
measure the performance of a variety of
receivers, and help to specify both test
methods and performance targets –
something which is vital if an open
market is to be successfully established.

Future directions 
One goal is that any content, public
or private, could be available anywhere
the user wants it, on any platform.
The boundaries between home and
office, broadcasting and internet, audio-
visual content and data, will disappear.
One of the interesting questions is how
far this process will go, and how quickly
it will go.

The goal of convergence – the
unification of disparate standards –
is probably unreachable: there are too
many commercial reasons for standards
not to converge. Nevertheless, there is
no reason why different systems should
not be able to interoperate, so long as
there is an agreed interface. Most of
the technical issues can be solved, and
indeed, there are people who are starting
to implement their own solutions already.

The whole process could evolve very
quickly if it were not for the questions
of security and rights management.

Television services to mobile

and handheld receivers are a

hot topic.The choice of

technology may be dictated by

the network provider, with

the BBC providing the

content. BBC R&D has been

looking at the different

proposals to see whether

there are special technical

issues associated with

particular choices.

Wireless developmentsMobile and handheld services

Anyone who has watched the transition of wireless systems from analogue to digital will have noticed an

incredible extension of the capabilities of wireless links.The process has not stagnated, and systems that

were once described as advanced are now recognised as distinctly dated.Whilst Shannon’s limit for the

capacity of a single channel cannot, of course, be exceeded, the restriction can be side-stepped by

modern techniques employing multiple transmit and receive antennas.

‘‘OOnnee  ggooaall  iiss  tthhaatt  aannyy  ccoonntteenntt,,  ppuubblliicc
oorr pprriivvaattee,,  ccoouulldd  bbee  aavvaaiillaabbllee  aannyywwhheerree
tthhee uusseerr  wwaannttss  iitt,,  oonn  aannyy  ppllaattffoorrmm..’’
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Simple All this new technology could
disenfranchise those who do
not understand it. Our job is to
make it easier for everyone
to use, not harder.
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Twenty years after we first started working on DAB, and ten

years after we started public broadcasting, digital radio is

now becoming a popular method of listening in the United

Kingdom.This success means that we have been asked for

help to increase the coverage and the benefits that the new

system offers.
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commercial multiplex, giving additional
choice to as many listeners as possible.

It was not possible to reach an
agreement with our neighbours and
this resulted in a disappointing outcome
from the International Telecommunication
Union’s planning exercise – a precursor
to the second session of the conference
in 2006. However, we are now working
within a multilateral group of experts,
representing eight countries in western
Europe, which is seeking to develop a
plan for Band III for both digital television
and digital radio.There is now some
optimism that an outline plan can be
prepared in time for the Regional
Radiocommunications Conference.

Audio quality 
BBC Radio has decided to replace the
original DAB audio encoders with new
software-upgradeable ones.This has
already paid dividends.We were able
to demonstrate to the suppliers of the
encoding software that significant

improvements to the audio quality were
possible for some of the services.

The assessment of this type of equipment
requires expertise and facilities not
normally available in operational areas –
our involvement was at the request of
both Siemens Broadcast Services (who
provide many of the BBC’s technical
facilities) and BBC Radio and Music.The
supplier produced a software upgrade
as a direct result of our intervention.

New broadcast facilities 
The BBC has embarked on a major
project to completely rebuild Broad-
casting House and reengineer many of
the broadcast systems within. As part
of this process we have helped specify
and then test a completely new,
commercial, off the shelf DAB system
to replace the existing units designed
by BBC R&D during the mid-1990s.This
has resulted not only in the BBC getting
the best value for money system, but has
also allowed the BBC’s expertise gained

as the longest continuous broadcaster
of DAB to be fed back to the industry
to improve the quality, flexibility and
reliability of the DAB system we
have purchased.

DAB on-channel repeater 
We designed and constructed a
prototype on-channel repeater for
digital radio.This is a device to receive,
amplify and reradiate a signal on the
same frequency. It allows us to extend
the range and fill in gaps in coverage
of the single-frequency network.

The concept is difficult to implement
because normally the signal would inter-
fere with itself, causing distortion and
unwanted radiation.We used advanced
digital signal processing techniques to
cancel these unwanted effects.

Two field trials have been undertaken
with Arqiva and National Grid Wireless,
and these have proved the effectiveness
of the device.
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Twenty years after we first started working on DAB, and

ten years after we started public broadcasting, digital radio

is now becoming a popular method of listening in the United

Kingdom.This success means that we have been asked for

help to increase the coverage and the benefits that the new

system offers.

Planning the network 
To extend coverage to 85% of the
population, the national digital radio
network will expand by a further nine
transmitters to 88 in 2006.We are now
planning to extend coverage to 90% of 

Drawing from the wide range of portable
and hand-held receivers that were available
in the high street over Christmas 2004,
we carried out a series of radio frequency
sensitivity tests to check their performance
against our planning assumptions. Overall,
the basic performance of many receivers
was disappointing in terms of meeting the
industry standard (Cenelec) requirements.
Furthermore, only a few receivers approached
the BBC planning assumptions on sensitivity.

Collaboration with the Digital Radio
Development Bureau has enabled us to
seek improved RF performance for digital
radio receivers.The conclusions from our
tests are being used by the DRDB to raise
the awareness of manufacturers in an attempt
to improve receiver design andperformance.

The poor performance of typical
receivers, especially with the proliferation
of portable and hand-held receivers,
means our planning assumptions now
need to be updated to reflect this.
A higher field strength is certainly required,
particularly in urban areas, but the size
of the increase and the definition of
acceptable reception are not yet agreed.

Another challenge is to protect our
service against interference from other
transmissions  from sites not used for
the national network.The potential impact
of a transmitter operating on an adjacent
frequency depends on its power and
position.The impact on the listener will
vary according to the type of receiver
they are using too.We have worked to
test many of the available receivers, and
have undertaken field measurements to
enable us to make better predictions of
the impact.

Digital One has proposed a new data
service, Livetime.We have assessed the

effect of their new filler transmitters in
London on our national network
coverage and found that in some cases
the resulting interference is greater than
we had expected.We worked together
with Ofcom and  representatives of the
commercial broadcasters and the trans-
mission providers, to develop a set of
rules and guidelines that will help enable
additional filler transmitters to exist
alongside existing and planned services.

We worked closely with Ofcom to
formulate a proposal for submission
to the Regional Radiocommunications
Conference in 2006.This included a plan
to enable the majority of FM services to
be replicated on DAB. It seems unlikely
that we will reach such an objective given
the existing available spectrum. However,
it is proposed by Ofcom that three new
blocks of Band III spectrum will be used
to provide the opportunity for every
part of the United Kingdom to have
digital local radio services. One block is
proposed to provide a further national

Digital audio broadcasting
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Many of the audio files that are downloaded
to MP3 players support a specification
called ID3v2 which allows descriptive
metadata to be embedded within the
file. Until recently this information could
only describe the audio file as a whole,
an approach which is appropriate for a
single item of music but less appropriate
for a long magazine-style radio pro-
gramme with several distinct articles.
BBC R&D has developed an extension
to the ID3v2 specification (now published)
which allows a table of contents and a
set of chapters to be defined. Each audio
chapter can have its own descriptive
metadata and embedded images.The
concept has been demonstrated and
is now ready for adoption by content
providers and manufacturers.

TV-Anytime standards 
None of these advances would be
possible without appropriate metadata
to describe the content.We are using the
standards developed within TV-Anytime.

The TV-Anytime Forum has now finished
its work with the submission to the
European Telecommunications Standards
Institute of the final Phase Two specifica-
tions.These specifications provide enhanced
support for conditionally packaging
content together, sharing content, remote
programming, device and person target-
ing and rights management.

The TV-Anytime standards could be a
major element in the business-to-business
transfer of metadata.They could provide
the impetus to replace existing legacy
implementations with a common, open
standard.We can make this work for
both linear and video-on-demand
services,using the same standards.

Deployment 
Once we have standards, there is still a
long way to go before we can deliver an
effective service.We need to create the
data, deliver it, and ensure that receivers
can interpret it.

We have developed a practical and
efficient method of broadcasting
TV-Anytime data, based on the existing
object carousel (which is used for the
delivery of other digital services such
as DVB text for example).This data
can be formatted at the head-end
and distributed to the various regional
insertion points around the
United Kingdom.

We have developed a suite of test tools,
to validate bitstreams carrying TV-Anytime
data.The tools are used to solve inter-
operability issues affecting the carriage of
TV-Anytime data over broadcast networks.

In order to produce test streams suitable
for testing mass-market receivers we
have constructed a TV-Anytime chain
which is representative of an initial deploy-
ment.This encompasses the BBC’s system
for producing electronic programme
guides (SID 3) through to prototype
third-party receivers.
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The arrival of consumer digital video recorders,

broadband access, podcasts and search engines means

we have to make content available on many more

platforms and services than ever before. It is crucial that

people can find and use the BBC's content whenever

they want and wherever they happen to be.To enable

this new world, we need to describe our broadcast and

internet content in a machine-readable format.The new

platforms can then interpret this metadata, making it easy

for our viewers to find things they want to watch, and

providing new methods of presentation for the BBC’s

production teams.

We have delivered the foundations for
better navigation: the standards (in
collaboration with the TV-Anytime Forum)
to help us describe our content, and
technology to broadcast the appropriate
metadata to the new breed of receivers.

Discovering content 
The arrival of cheap hard disks with very
large capacity has made it possible for
consumers to record and store vast amounts
of content.To investigate the implications
and potential of recorders with large
capacity, we created a demonstrator.
Our conclusions are that programme
guides based on the traditional grid and
linear schedules of channel-based pro-
grammes are likely to become obsolete,
being replaced by new presentation
methods based on genre or grouping.
In addition, we have found that in these
systems the capture and management of
rich associated metadata becomes critical.
The TV-Anytime data standard, which
separates location and description of

content, has proven to be a useful
tool for managing lots of content.

Innovative web services such as Flickr,
Creative Commons and Skype came
of age in 2005.We can apply similar
ideas and software development
methods to our problem of navigation.
We created a prototype interface
which allows third parties to build
applications that can access BBC con-
tent and metadata on the internet.

New methods of navigating around
programmes are often alien to audiences
and difficult to learn.We designed an
electronic programme guide based on
the printed Radio Times listing magazine.
It operates on a tablet PC. People still
find it familiar and easy to use, even
though it provides the advanced
interactivity afforded by TV-Anytime.
The electronic Radio Times allows simple
point-and-click interaction, enabling users
to select programmes for viewing,

recording and playback by simply
clicking on the programme details
displayed on the screen.

Moving through content 
Navigation within a programme will
be as important as navigation between
programmes. One way to support and
enhance this behaviour is to provide
navigation information reflecting the
structure and content of the programme.
This metadata is often referred to as
segmentation or chapter information.

Segmentation information allows the
receiving device to provide DVD-style
navigation within a programme and
can provide additional information
specific to each section. It can also offer
alternative paths through the content
and can link content from several
different programmes to provide a
completely different experience.

Navigation
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BBC R&D has established close liaison
and creative partnerships with other
organisations interested in access to
digital services.We have been working
with the Royal National Institute of the
Blind, the Royal National Institute for
Deaf People and Bournemouth
University to demonstrate the potential
market and actual audience benefits of
accessible television.We chaired the
broadcasting session at the e-Accessibility
conference in London in October (this
being one of the official events of the
United Kingdom’s presidency of the
European Union in 2005).

Signing 
We have been developing a system
for signing which gives the viewer the
option of watching the signer or not.
The information for the signer is
conveyed separately from the normal
picture, and introduced to the main
image in the receiver if the viewer
requests it.This avoids the common
problem that the signer can be a
distraction for other viewers. In order
to achieve a satisfactory solution,
we need to convey the information
about the signer in as low a bandwidth
as possible.

There are several significant challenges
particularly in capturing relevant facial
detail and in reducing the effective
shooting ratio to operationally credible
levels. Solutions to these problems are
relying on advances in other fields.We
have concentrated our resources on
applying the Dirac vision coding tools
to signed television content or camera
images of signers and interpreters.

We are working with the University
of Bristol to further develop ideas
on optimising such vision coding to
maximise the legibility of the British
Sign Language conveyed.The aim of
this work is to optimise the quality
of coding in those parts of the image
that really make a difference to the
intelligibility of the signer.

Subtitling 
We proposed a revision to the DVB
subtitling specification which would
allow DVB subtitles to be used with
high definition services. After proving
the process with an experimental
implementation, we led the ETSI team
editing the standard to incorporate
this revision.

Constraints in current receivers have
precluded DVB subtitles and MHEG
enhancements appearing together
on-screen.This meant that BBC Parliament
on terrestrial television has been unable
to show subtitles.We devised and
demonstrated an alternative approach
using MHEG itself to deliver subtitles.
Building on these ideas, BBC New Media
has now implemented subtitling on
this service.

We have taken the initiative in defining
and implementing means of conveying
subtitle essence in the signal which
conveys high definition services from
playout (by Red Bee Media) to coding
(by Siemens) for the trials of high
definition services planned for the
summer of 2006.

Monitoring 
The importance of monitoring the
delivery of access services is growing,
but this remains an area where the
market has been slow to provide
solutions. BBC R&D has identified and
demonstrated a means of monitoring
audio description off-air which could
provide the basis for practicable
operational equipment.We have also
developed a model of the complex
signal chain for subtitling and audio
description which should allow
information from such monitoring
equipment to provide a prompt and
accurate indication of the cause of
any problem thus detected.
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We are supporting the Digital TV Group’s
TV-Anytime Testbed project, using our test
tools and knowledge generated from our
own investigations.We are helping to create
interoperability guidelines for a terrestrial
deployment of TV-Anytime.This is not a
simple task, as we must take into account
the complexities of regional services, and
the fact that the same data is used as a
source on other broadcasters’ transmissions.

We have been supplying the TV-Anytime
data for BBC Backstage. BBC Backstage
is a mechanism whereby the BBC can
give developers internet access to some
of the BBC’s data for non-commercial
purposes. BBC R&D is supplying daily
updates of an eight-day programme
schedule. Several users on BBC Backstage
have created novel and interesting
prototype applications and services using
this data.We have also contributed an
open source Java library to parse the
data via BBC Open Source.

The use of games
machines in broadcasting 
The computer games business has grown
massively from its humble beginnings into
a pervasive market that now outstrips
popular music.The games console has
become the home platform of choice
for a large sector of our society. It is
emerging as an important cultural
element too. However, this part of
society is one which could be better
served by the BBC.There is an oppor-
tunity for the BBC to reach its audiences
in new and exciting ways, through a new
type of content.The games console may
become the most important new
platform for interactive BBC content.

We have developed a test-bed software
platform, known as the 3D Interactive
Media Lounge, which is based on a
computer game.We have used this
platform to demonstrate how BBC
audiovisual content can be embedded
into the virtual world of an otherwise
conventional online game.This has
allowed us to highlight three key areas
of on-going leadership and research that
are critical to the success of the BBC
within this domain:

• Open platforms – addressing how
we make BBC content freely available
on all games platforms.

• New interfaces – interface devices
and techniques that are powerful,
inclusive, accessible, and safe.

• New content paradigms – interactive
content and authoring methodologies
that facilitate rich narrative, accurate
information, and reliable education.

Visualisation of audio
for navigation 
It can be difficult to find a particular item
in a recording of a radio magazine
programme: fast-forward is not always
a very effective tool, particularly in on-
demand, on-line use. As an alternative to
the MP3 segmentation process, we have
devised a new automatic analysis which
presents the recording as a visible time-
line, with colours or textures indicating
the different characteristics of the
programme.This gives an intuitive
understanding of the structure of the
programme and helps you to find and
select desired features with ease.

Universities around the world have done
a lot of background work in this field.
We used some of this work to make
a demonstrator of the idea. In the first
version, we could distinguish between
speech of different presenters, and
between different types of music. Jingles
were also identifiable.The user interface
allowed the user to click anywhere on
the picture to start playing the recording
from that point.

A number of applications on this are
foreseen, some for use in the home,
some during programme production.

Usability 
In all these new applications, there is a risk
that the technology is too far ahead of the
user.We have to consider designing applica-
tions with the user in mind.We have a
laboratory which allows us to look at how
people use technologies such as the internet,
interactive television and digital radio.

We provide technical and audience advice,
knowledge and support to many BBC
projects.This has proved to be crucial as
technology such as mobile telephony,
digital video recorders (or personal video
recorders) and others have become
mainstream and widely available.This year
we contributed to the BBC’s internet
strategy, and accessibility has increasingly
played a central role in our work.

We have been building testable demon-
stration and prototype systems in house.
These allow concepts to be explored and
evaluated in a systematic and effective
manner, balancing the behavioural science
aspects of technology-led development
with people-led development.

A partnership with BBC Creative R&D
enabled the development and evaluation
of a project which facilitated linking of
information to physical objects: allowing
the user to capture and move
information across devices/platforms,
and return to it later.

We are considering the next generation
of programme guides. Collaboration with
BBC New Media has harnessed the talent
of the designers working in the field, and
produced some detailed and highly original
work which explored new innovative
interfaces, beyond a simple programme
guide.The models and prototypes which
emerged from the collaboration allowed
the user to browse, search, navigate and
find content on large storage devices,
containing hundreds of hours of content.

Access for allNavigation continued

Conventional television

may satisfy many people

most of the time, but not

everyone is able to obtain

full value from the simple

pairing of sound and vision.

Many of our population

find they have problems

with hearing or sight.

We have helped to create

improved systems for

subtitles, signing and

audio description to help

everyone, not just those

with poor sight or hearing,

get better value from their

television programmes.

‘‘tthhee  ggaammeess  ccoonnssoollee
mmaayy  bbeeccoommee  tthhee
mmoosstt  iimmppoorrttaanntt
nneeww  ppllaattffoorrmm’’
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The BBC often receives complaints about loudness.

Some are about variations in loudness within

programmes (some parts too quiet, some too loud),

others are about variations in loudness between

programmes either at programme junctions or when

changing channel.The problem affects both radio and

television sound. Now there is technology which

could help.

The desire to provide better value for money means that it is not
always possible to perform a complete technical review of every single
programme. As a consequence we sometimes find that audio levels
are not correct and the perceived loudness falls outside the ideal
range.This difficulty is compounded by the fact that there is not a
standardised way of measuring programme loudness.The meter that
is most often used for measuring programme level indicates peaks in
the signal voltage reasonably well, but these peaks do not correspond
well to perceived loudness for all types of material.

In 2002, BBC R&D participated in evaluations of commercial loudness
meters organised by the International Telecommunications Union.
These tests showed that one relatively simple meter performed better
than even the most complex ones. Later developments of that meter
by the Communications Research Centre in Canada to include
multichannel audio (rather than mono as at first), again showed very
good agreement with subjective data.

To make easier the adoption of a standard meter, ideally shared by
all broadcasters and regulatory bodies, we developed an open source
software version of the meter.This is now freely available for anyone
to use. Our intention is to pursue the formal standardisation and
widespread adoption of this meter so that our audiences can benefit
from fewer annoying variations in loudness as soon as is practicable.

BBC R&D has helped the BBC address
some key questions:

• What is interactive television?
What are the technical features
that define what is possible? 

• What could the BBC do with
interactive television? How does this
technical capability transform into
editorial propositions? 

• How can the BBC deliver interactive
television to the viewer? How do
we put in place the necessary
technical infrastructure? 

In doing so we have contributed to the
growth of the BBC’s production capability
for interactive services.This includes a
commissioning process that is integrated
into mainstream programming. Interactive
enhancements are no longer an after-
thought but are an integral part of
programmes from early stages in their
conception.This contribution was
recognised in December 2005, when
the team received The Royal Television
Society’s Technology Award for Best
R&D Team.

Interactivity on Digital
Terrestrial Television 
Freeview, the free-to-air terrestrial
television platform in the United
Kingdom, continues to go from strength
to strength. In March 2006, over ten
million receivers have been sold.This has
established a sizeable audience for the
BBC to serve.

Since the inception of the platform, BBC
R&D has played a significant role in the
specification of technology (known as
MHEG) to support the delivery of
interactive services. In addition we have

worked with receiver manufacturers on
the conformance of receiver implemen-
tations to maximise the interoperability
of the deployed receiver base.

As part of this conformance work we
have made a major contribution, along
with other key industry parties, to the
development of the MHEG test suite,
which was released by the DTG at the
end of 2005.

The DTG MHEG test suite provides the
industry with a complete and objective
means for establishing the conformance
of a receiver that claims to support the
specification.This provides the industry
with a means to increase the interop-
erability of deployed receivers, which in
turn will improve the reliability of the
viewer experience and reduce the devel-
opment and testing costs for interactive
content providers, such as the BBC.

Portability of interactive
television content 
The rapid growth in both the number
and size of digital television platforms
has been good news in terms of the
potential audience for the BBC’s
interactive content. However, it has
created an operational environment that
is challenging in terms being able to
deliver high quality content to all digital
viewers in a cost effective manner.

At one end of the production and
delivery chain, there are a number of
good authoring tools. However, these
tools do not share a common output
format, so the adoption of each new tool
represents a bespoke, and often complex,
integration activity.This can make it
difficult to handle third party interactive

content if it has been created using a tool
not already supported by the BBC.

At the other end of the production
and delivery chain, platform operators,
competing to get their platform launched
and so attack the potential market for
viewers, have deployed a variety of
different technologies to support
interactive services.This means creating
a platform-specific output for each.

The BBC has committed significant effort
into trying to minimise the impact of
these operational constraints. One
related activity has been our ongoing
research into the extent to which an
author once, publish many times approach
can be applied to interactive television
content.The knowledge gained from this
research has allowed us to make a major
contribution, along with other key industry
parties, to the development of the DVB’s
Portable Content Format. A first version
of this standard was approved by the
DVB’s Technical Module at the end of
2005 and is now going through a process
leading to external publication.

The Portable Content Format is a standard
means to describe an interactive digital
television service. It provides the BBC
and wider industry with a means for
platform-independent, business-to-
business interchange of interactive
content.This should increase the inter-
operability of authoring tools, head-end
systems and broadcast networks, helping
to address the challenges posed above.

The Portable Content Format is a
data format that allows an interactive
television service description to be
authored independently of specific target

platforms.This is achieved by capturing
the intended experience the viewer
will have, rather than how it shall be
implemented.This enables the greatest
possible portability. Any such description
is not intended for actual transmission in
a digital television network and the form
of the format reflects this. Rather, it is
an intermediate form that needs to be
converted to some platform-specific
representation prior to transmission.
It is important to stress that this is a
data format for the description of an
interactive service. It is not an authoring
tool, although authoring tools may
be developed that write output data
according to the format. It is not the
specification of a technology to be
deployed in a digital television receiver :
there are plenty of those already! 

Interactivity in an
on-demand world 
The majority of the interactive services
that the BBC has delivered to date have
been based on content delivered over a
unidirectional broadcast path, augmented
with occasional use of the return path for
the viewer to send data back to the BBC,
e.g. dial-up modem or SMS.The scarcity
of broadcast capacity has meant that this
has limited the content available to the
viewer to relatively modest text and
image files, plus linear audio-video streams.

However, two receiver technologies, broad-
band connectivity and mass local storage,
have the potential to radically change not
only how the viewer accesses content but
the nature of that content itself.

We have developed a representative
platform to explore how the deployment
of such devices could allow the BBC to
offer new interactive services.To achieve
this we are working with editorial areas
across the BBC on service prototypes.
The lessons from this work are being
used in dialogues with both platform
operators and technology providers to
maximise the likelihood of turning these
aspirations into deployed services for
the viewer.

Loudness

APRIL 2005 – MARCH 200650

Last year the BBC offered the viewer, in addition to its flagship BBCi service, some 80 different

interactive enhancements to mainstream programming, including over 10,000 hours of additional video

material.This was not just extended sports coverage, it was interactive enhancement of a diverse range

of programming serving the widest possible audience. Given that in 1997 the BBC had no production

and delivery capability for interactive television this represents a significant business transformation.

Interactive
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contents

We do not work in isolation.
We are part of an enormous
industry, and wish to work
with it

Our way of working

54
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Collaborative projects

Standards

More information
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We have liaisons with universities to
solve specific problems too. A lot of our
work on video coding for example is
underpinned by academic research.
We have contracts with at least four
universities who are looking at different
coding issues for us.

We have active links with around a score
of British Universities and over a dozen
around the world.The number of casual
links is difficult to assess.

The digital transition 
The transition from analogue to digital
broadcasting involves many companies
with many different interests.There is a
strong desire amongst many of these to
develop a common strategy.This will help
deliver a strong message to our viewers
and listeners.

Within radio,WorldDAB has been the
leader. It is an international, non-
governmental organisation which
coordinates the work on DAB. In the
United Kingdom, the Digital Radio
Development Bureau is promoting wide
accessibility and swift adoption. Both
these groups provide a consensus
building process, and a strong emphasis
on delivering a message to the

community. As well as direct links with
other broadcasters and transmission
providers, Ofcom and the Forum for
Community Radio are involved in setting
the scene for radio services, analogue as
well as digital.

Digital Radio Mondiale is a large group of
about 90 broadcasters, network operators,
manufacturers, research institutions, etc
who have been developing a new radio
system for the long, medium and short
wave bands.They have, between them,
produced a fully functional system which
is now on air.The scale of development
was such that success would have been
impossible without this broad collaboration.

The process of switchover in television
is, if anything, even more complex than
that of radio. In television, Digital Video
Broadcasting, or DVB, is the dominant
forum.This group has over 270 interested
participants representing all relevant
parts of the industry.They identify
commercial needs and set out to match
the technology to those needs.Their
standards are usually adopted by ETSI.

The government, through work in Ofcom
and the Department for Culture, Media
and Sport, has set the overall strategy.

Digital UK (the public-facing part of
SwitchCo) is handling the detail of
switchover in the United Kingdom.This
group comprises public service broad-
casters and digital terrestrial multiplex
operators.Their Regional Rollout Group
has developed a timetable for switchover.

The planning tools for this have been
created within the Joint Planning Project
and the United Kingdom Planning Model,
which we have extended with co-
developers National Grid Wireless and
Arqiva to produce a version suitable for
planning single frequency networks.

The technical parameters of the
broadcasts are discussed with the Digital
TV Group, the industry’s association for
digital television.They jointly defined the
profile of the terrestrial DVB system
which is used within the United Kingdom.

One of the advantages of digital tele-
vision over analogue is that we can offer
better access services. Both the Royal
National Institute of the Blind and the
Royal National Institute for Deaf People
have been welcome contributors to
our work.

One of the reasons that BBC R&D has been able to demonstrate such useful progress, despite its

relatively small size, is because we work very closely with other broadcasting colleagues, universities and

the industry in a range of collaborative projects.These run from simple funding of students through to

major collaborative projects, part funded by government or the European Union for example.

We would like to acknowledge the effort and support given by all the collaborators and funding bodies

mentioned in this review.

A vision of the future 
There are several formal projects with which we are involved which are exploring more far-reaching topics.

The BBC 
In the body of the review, you may have
noticed the strong links that BBC R&D
has with the BBC’s creative departments.
We find that people in the wider BBC
have enthusiasm for our work. In many
instances, they drive our agenda with
new ideas and questions.Their positive
support gives us enthusiasm for our
work. It motivates us, makes our work
relevant and helps us refine the purpose
and speed the development process.
In many cases, our work would be con-
siderably poorer without these inputs.

Other broadcasters 
The European Broadcasting Union acts
as a focus for discussion with other
broadcasters.There are many working
groups discussing items of vital interest.

We also have strong contacts with other
broadcast research institutions, such as
IRT in Germany, RAI in Italy and NHK
in Japan. Regrettably, many of the other
specialist broadcast laboratories have lost
their identity recently.

Universities 
Because most of this review describes
the output of projects which are being
delivered into service, there could be
a misleading impression that most of
our work falls in the development class.
On the contrary, quite a lot of it is based
on quite advanced fundamental theory.

In many instances, academic specialists
are able to provide valuable insight into
our work, and are able to help with
detailed research in specific areas.

We cannot mention all the universities
we have links with by name.There are
too many of them, and there is always a
danger that an exhaustive list might just
miss someone out. But it is worth giving
some illustrative examples.

The Mobile Virtual Centre of Excellence
is a collaborative partnership of around
20 major companies in the mobile
phone sector who, with additional
government grants, who fund
seven universities in the United Kingdom
to carry out research in mobile and
personal communications.There is a
strong emphasis on long-term research.
The latest core research recognises that
it is inevitable that there will be more
interconnectivity, openness and
networking of content, and this needs
to be delivered securely and efficiently.

Arena 
Arena is a project funded by the
European Union which is exploring
methods of measuring audience figures
for those watching programmes on
computers and video recorders etc.

iview 
In October 2005 we started a
three-year collaborative project
called iview, to develop a multi-
camera system for creating
virtual views and 3D models of
an event such as a football match.
This project is funded by the
Department for Trade and
Industry and includes academic
and industrial partners.

Open Source Standards
and SourceForge 
A lot of the software we create
is released under an open source
licence.The following projects all
have such software, which can be
found on the SourceForge website:
Dirac video compression,Audio
Loudness Meter, Kamaelia the
testbed for network experimentation,
Chapter tools for audio files, Media
Lounge for the shared virtual world,
the Pro-MPEG Media Despatch
protocol and a system for testing
MXF engines, and a video shot
change detector.

GRIDCAST 
In September 2005 we completed a
project called GRIDCAST to develop
a media production service based on
GRID computing.This project
delivered new distributed, high
performance media management and
delivery tools over a wide area
structure.The project included
academic representatives, with key
work within BBC Belfast.This work
was funded by the Department of
Trade and Industry.

MATRIS 
MATRIS is a collaborative research
project, funded by the European
Union, which is looking at tracking
objects in images without the need
for markers.The three-year project
includes partners from Germany,
Sweden and the Netherlands, and
is due to finish in January 2007.

Collaborative projects

NEM 
NEM, the Networked Electronic
Media initiative, aims to set the
research agenda for the European
Union's Framework programmes
and also national R&D agendas and
programmes such as Eureka in the
area of convergence of content,
information technology, and telecom-
munications.With the coordination
of NEM, European R&D projects will
hopefully cover all the work that
needs to be done to create the audio-
visual landscape of the future, with
projects working in alignment, rather
than pulling in different directions.
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The Digital TV Group 
The Digital TV Group is an industry
association for digital television in the
United Kingdom.This group defined
the profile of the DVB standards which
is now used for all Freeview services,
and they have a laboratory which is able
to test compliance of new consumer
equipment with those standards. BBC
R&D’s engineers have worked closely
with the Digital TV Group to set up
and maintain these standards.

Now the group is concentrating on high
definition television, with a general forum
and two technical groups looking at
displays and production systems.

European Telecommunications
Standards Institute (ETSI) 
ETSI is the dominant European body with
responsibility for broadcasting and tele-
communications standards. It started life
as part of CEPT. Most of the broadcast
standards we use are standardised in ETSI.

It is hard to believe that ETSI published
the original DAB standard over ten years
ago. Since then the potential uses of DAB
have increased dramatically. Many of the
existing standards have been updated,
and several new ones created, requiring
the issuing of 17 digital radio standards,
to allow increased performance in multi-
media applications and the extension of
the DAB EPG specification to include
Digital Radio Mondiale.

New standards were written for
Digital Multimedia Broadcasting (DMB),
the evolution from DAB towards a full
multimedia system which is being adopted
in Korea.

ETSI has also been standardising the new
system for signalling data on AM services
and has revised the multimedia object
transport (MOT) standard used to carry
data in digital radio (DAB).

The EBU/ETSI/CENELEC Joint Technical
Committee on Broadcasting Standards
provides liaison between ETSI and Digital
Radio Mondiale and ETSI and WorldDAB.
These groups are attempting to simplify
broadcast and receiver technology by
increasing the commonality of the
application layers of DAB, DRM and
other broadcast and telecommunication
technologies and by separating trans-
mission system specific clauses of
specifications from generic application
layer clauses.The increasing importance
of DMB to DAB and the commonalities
of cause created with DVB-H suggest
further rationalisation will be needed if
consumers are to be able to enjoy using
the new multimedia devices that will
present BBC content.

ETSI is responsible for the DVB suite
of standards.The standard for DVB Sub-
titles for HDTV is the latest to be adopted.

European Broadcasting Union (EBU)
The EBU is no longer the prime body
for creating broadcast standards, as it
was in the days of MAC and NICAM.
It has now changed its role to act as a
consensus-building body, ensuring that
public service broadcasters in Europe
are able to develop a common viewpoint
on new standards.

High definition television and rights
management are high profile topics now.
As high definition services start to grow,
the EBU has been a vital place to discuss
formats and content protection issues.
EBU technical groups provided unifying
briefs to EBU members.

Other areas of interest within the EBU
included the groups looking at middleware

for distributed programming, multimedia
operations, digital radio, broadcasting
to handheld devices, and the technical
preparations for the ITU’s Regional Radio-
communications Conference in 2006.

The EBU is also supporting and providing
input to our work on common control
interfaces for audio systems which is
being standardised through the IEC.

Digital Video
Broadcasting Project (DVB)
The DVB project is a collaborative group
of nearly 300 companies who are
developing standards for digital television
broadcasting.Their work is now extending
beyond the simple remit of broadcasting
to look at the convergence of internet
and mobile systems in the home.When
DVB has created a proposal, it partners
with ETSI, CENELEC and the EBU to
create the standards themselves.

In the same way that the satellite trans-
mission standard has been updated
to create the DVB-S2 standard, it would
be reasonable to update the standard for
digital terrestrial television to create a
DVB-T2. If this is to happen, we think it
would be useful for it to happen quickly
to match expectations of the new high
definition services that are being proposed
in Europe. In response to our proposal,
DVB has now launched a new study
mission to consider what DVB-T2 might
look like and therefore whether it is
worth pursuing the idea.

BBC R&D has been an active participant
in the DVB-H group (broadcasting
to handhelds).

We participated in DVB work on the
Multimedia Home Platform (MHP)
and edited the TV-Anytime part of the
MHP-PVR specification.This includes
a TV-Anytime API that was originally
developed within the Share-it
collaborative project.

The BBC has always worked in a so-called

horizontal market where many players can

share the same technology for different business

purposes.The only way we can make this work

is by adopting standards. Standards define almost

every part of the broadcast chain, from before

capture of the images and sound, all the way

through to the display and loudspeakers at

home. Without these standards, we would find

that equipment would not interoperate, and our

programmes would not be accessible to the

public, and we would have difficulty sharing

programmes between broadcasters.We there-

fore make a serious effort to help standards

bodies to create proposals which will work

well for public service broadcasters and in a

complementary way to the commercial goals

of private industry.

There are many standards bodies, and many different
standards for each area of our activities.Wherever
possible, we would like to see standards which are

Free
OOrr  aatt  lleeaasstt  aavvaaiillaabbllee  oonn  rreeaassoonnaabbllee  tteerrmmss..
TThheerree  aarree  ssoommee  qquuiittee  hhiigghh  pprrooffiillee  ssttaannddaarrddss
bbeeiinngg  pprrooppoosseedd  wwhhiicchh  ((aatt  lleeaasstt  iinn  tthheeiirr  eeaarrllyy
pphhaasseess))  pprrooppoosseedd  lliicceennccee  ffeeeess  wwhhiicchh  wwoouulldd
hhaavvee  eexxcceeeeddeedd  tthhee  BBBBCC’’ss  ttoottaall  iinnccoommee..  

Respected
TThheerree  iiss  nnoo  ppooiinntt  iinn  tthhee  BBBBCC  cchhoooossiinngg
oonnee ssttaannddaarrdd,,  wwhheenn  aa  ssiiggnniiffiiccaanntt  pprrooppoorrttiioonn
ooff tthhee iinndduussttrryy  hhaass  ttoo  uussee  aannootthheerr  bbeeccaauussee
tthheeiirr bbuussiinneessss  mmooddeell  iiss  ddiiffffeerreenntt..  WWee  nneeeedd
ssttaannddaarrddss  wwhhiicchh  wwoorrkk  ffoorr  aallll  bbrrooaaddccaasstteerrss,,
ssoo wwee  hhaavvee  iinntteerrooppeerraabbiilliittyy  aaccrroossss
tthhee iinndduussttrryy..  

Open 
TThhee  ssttaannddaarrdd  iiss  ffuullllyy  ddeessccrriibbeedd,,  ssoo  tthhaatt aannyy
ccoommppeetteenntt  eennggiinneeeerr  ccaann  rreeaadd tthhee  ssppeecciiffiiccaattiioonn
aanndd  rreeccrreeaattee  tthhee tteecchhnnoollooggyy..  TThhiiss  eennssuurreess
tthhaatt wwee  aarree  aabbllee  ttoo  ccoonnttiinnuuee  ttoo  uussee  mmaatteerriiaall
ccrreeaatteedd  iinn aa  ssttaannddaarrdd,,  eevveenn  iiff  tthhee  oorriiggiinnaall
ssppoonnssoorrss  ooff  tthhee  ssttaannddaarrdd  hhaavvee ddrrooppppeedd iitt..    

In the early days, standards were set nationally.
For the past twenty years or so, we have seen a steady
movement towards international and global bodies
setting the standards, but there is still no dominant
body with responsibility for all the standards that are
used in broadcasting.This means that we often have
to follow work through several standards bodies to
ensure that we have the right tools for us at the end.

Engineers from BBC R&D are frequently invited to
join standardisation groups, recognising not just their
technical contribution, but the fair and reasonable
balance we are able to broker when discussions
become fractious and commercial. In many groups,
we are also invited to take the chair.

Europe

National

Standards
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Standards continued

Standards continued

Institute of Electrical
and Electronics Engineers 
The IEEE has a wide range of standards
under its remit.The main areas of
interest to us are the networking
(wired and wireless) standards,
where the IEEE has become the
body preferred to ETSI in this field.

We are participating in the IEEE 802.11
standardisation process in a low-level
way. We hope to gently steer the future
work in directions which offer the
greatest chance that new standards
(e.g. IEEE 802.11n due to be published
in early 2007) will include features
matching the needs of video streaming
(low latency, high throughput, some
tolerance for errors).

International
Electrotechnical Committee 
The IEC prepares standards for
electrical, electronic and related
technologies. In some ways it overlaps
work in ETSI, IEEE and CENELEC
amongst others. In other ways, it seeks
to lay down performance bounds – for
example receiver sensitivity – to ensure
that systems work effectively.

We have contributed to the standard-
isation process within EICTA which has
resulted in two IEC international
standards being published for mobile and
portable DVB-T/H receivers (car, portable
digital televisions and hand-held portable
receivers).The specifications deal with
compatibility and interference issues
which are likely to become important as
new services move into the UHF bands.

We are working on producing a
standard describing a common control
interface for equipment attached to a
professional network.

CENELEC 
CENELEC, the European Committee
for Electrotechnical Standardization
prepares voluntary standards for
electrical and electronic goods and
services.The most immediate relevance
to our work is their influence on the
specifications of receiver performance.

Audio Engineering Society 
Most of the digital interfaces used in
broadcasting are based on standards
managed by the Audio Engineering Society.

We have contributed to revisions of
AES 47,AES 11 and two new standards,
AES 51 and AES 52.

AES 47 is the audio over ATM standard
now extensively used in the BBC.We have
also been working on AES 11 which is the
timing standard for AES 3 structures.
We worked on the idea of isochronous
operation and the locking of multiple
sampling frequencies from a single
reference frequency.The AES 51 standard
supports delivery of ATM cells over
ethernet.AES 52 is a standard to put
identification tags into an AES 3 audio
stream for media management and
automatic routing.

ID3.org 
ID3.org is a group which has been
defining methods of tagging audio files.
We have developed an extension to
the ID3v2 specification which allows
segmentation information to be signalled
in MP3 audio files.

WorldDAB and DRM Forums 
Emerging new digital radio technologies,
such as DRM, could create uncertainty
in the DAB market in the United
Kingdom if there is competition between
the standards.The WorldDAB Forum
and the DRM Consortium coordinate
activities in these areas.We encouraged
them to exchange information and
discuss common interests and areas
of potential conflict.They agreed to
strengthen their co-operation from
purely technical to commercial and
marketing areas. In particular, they
both believe there is a need for clear
and simple messages to consumers to
convey the range of features provided
by products necessary to receive the
broadcasters’ content

SMPTE, Pro-MPEG
and AAF Association
The Society of Motion Picture and
Television Engineers is based in the
USA and has produced many relevant
standards.The Media eXchange Format
(work that uses results from both
Pro-MPEG and the AAF Association)
is close to completion in SMPTE, and
is being harmonised in the AAF
Association with their AAF specification.

Our work on Mezzanine coding of
video signals is in the early phases
of standardisation in SMPTE.

.

International

More information

What to do if

you want to

know more.

This Annual Review has deliberately
been aimed at a broad readership.
As a consequence, the articles are
considerably shorter than they might
otherwise have been, and we have
avoided going into technical detail.

For those who wish to learn more
about any of the projects, there are
several places you can find more.
BBC R&D has always encouraged its
people to publish the results of their
work.We have moved away from
paper documentation, and now rely
on the internet to deliver our output.
This makes it much easier for
everyone to gain access to our work.
You can find details of our projects
on our website.

Projects 
Many of the projects at BBC R&D
have a special set of pages, either on
our website, or hosted by others such
as our collaborative partners or
SourceForge.The aim is to be open
about our work whenever possible.

White papers 
We publish reports and tutorials about
our work as a series of White Papers.

Our people publish papers in places
such as journals and conferences.
We have a policy to retain copyright
wherever possible on these pub-
lications.This allows us to offer these
works as White Papers too, making all
our output accessible in one place.

Lectures 
We receive many invitations to lecture.
Our intention is to try to inform a
wide range of interested groups, from
the high level professional conferences
and seminars, to small local specialist
interest groups.

Whenever the lecture is being given
in a public event, we try to publicise
it in advance through our website.
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