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Our goal is to innovate in technology in support of the BBC’s
public service purpose – delivering both immediate value to
current projects, and helping the long-term strategic objectives
of the BBC and the nation.
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This year has also seen the launch in
earnest of the debate on the future of
the BBC. In June the BBC set out its own
vision of the contribution it might make
to the UK broadcasting landscape during
a new Charter period, in a document
entitled Building Public Value. And, to a
large extent, public value is also a
fundamental tenet of BBC R&D
Department – in short it is why we do
our work, and why we have remained
part of the public-service sector of the
BBC rather than moving to one of its
commercial subsidiaries.

Such value can be seen in the work we
have done this year to pilot multicast
streaming video services on the BBC
website.This pilot, launched during the
Olympic Games in the summer, enables
our internet audiences on broadband to

view a much wider range of material than
would normally be on offer, while
ensuring that we continue to honour our
programme rights commitments with the
talent and content community. Public
value is evident again in our support of
the important ITU Regional Radio
Conference in June 2004, where our
leading role in support of the UK
administration helped to ensure that the
first stage of the production of a new
digital broadcasting plan for Europe was
completed on track.

Also this year we have made a major
input to the planning and launch of a
technical trial of the process that might
be used to convert the UK’s analogue
television broadcasts to digital.This trial is
currently being carried out in Ferryside in
South Wales, and forms part of the

Government’s ‘Digital Action Plan’
initiative.The lessons learnt will be used
to inform plans for the migration of the
remainder of the UK and the freeing up
of the analogue spectrum by 2012.
Television switchover will bring the wider
range of BBC and other programming
available on the digital multiplexes to all
of the audience.

But perhaps its audiences see the BBC’s
public value most in the radio and
television programmes that it produces.
And here the biggest challenge is to
expand the range and amount of
programming, to fill the ever-increasing
number of digital channels, while
maintaining the quality at a level that the
licence-fee payer has come to expect.
As in previous years, BBC R&D has
worked on technologies that promise
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R&D were delighted and honoured to welcome His Royal
Highness Prince Philip when he visited us on 19 March
2004. During the visit, which was hosted by Ashley Highfield,
Director of New Media and Technology, the Prince was
shown a number of the projects being carried out in the
Department.These included our work on Digital Radio
Mondiale, automated camera coverage and access services
for the disabled.This latter work was also recognised by the
Royal National Institute for the Blind during the year, when
they awarded BBC R&D their ‘Simply the Best’ prize for
Accessible TV, Film, Books and Leisure.

Foreword

by Ian Childs, Chief Scientist
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to enhance the efficiency with which the
BBC’s limited resources can be deployed.
For example, the automated camera
coverage project (AMICOS) could be
used to allow non-manned cameras to
cover additional sports events – such as
the minor courts at Wimbledon, for
example – thus allowing our internet and
interactive TV audiences to gain access to
games where we have insufficient
personnel to cover from the main
outside broadcast.

If the above list illustrates what work we
have carried out during the past year,
and Building Public Value represents the
reason why we have done this work, our
partnership with other organisations is a
major element in how we achieve
successful results. Such collaboration
frequently occurs in the various

international standardisation groups in
which we participate.

For example, our work in support of
the TV-Anytime group, which is producing
specifications for the new generation of
personal video recorders (PVRs), has
achieved an important milestone this
year.The DVB project – in which we also
participate – has agreed mechanisms for
broadcasting the necessary information
over air.The way is now open for a new
generation of open-standards PVRs to
be launched, enabling our DTT audience
to enjoy the freedom to watch TV
programmes when they want to – a
freedom that is only available today on
subscription satellite services such as Sky+.

Our leading role in another partnership,
the Pro-MPEG Forum, which sponsors

and develops the MXF standard for
interchange of digital television
programme files was recognised during
the year by the Royal Television Society,
who awarded it the prestigious Judges’
Award at their annual Schoenberg
Lecture in November 2004.

At the time of writing R&D department,
in common with many other areas of the
BBC, finds itself under review as part of
the lead up to the new Charter.While
the outcome of this review is not yet
finalised, the BBC has confirmed that it
remains fully committed to ensuring that
it has at its disposal a strong technological
research and innovation capability, and
R&D for its part remains intent on
meeting these commitments in whatever
form the review might require.
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VALUE TO THE BBC

Of course, all of our work has value to the BBC! However, some of it is visible only inside
the BBC – work on infrastructure, programme making tools and techniques, and the BBC’s
transmission and distribution networks.This work contributes to the Building Public Value
objective of improving value for money and helps to give our programme-making colleagues
the tools they need to create imaginative new programmes.
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In the last few years, there have been big
changes in technology and working
practices in broadcasting, with a general
move to IT-based equipment for
capturing, storing, retrieving, and
processing programme material.Wireless
and portable devices mean that many
people no longer work at a fixed desk, or
have to be in a specific place to do a
specific job.

These changes profoundly affect the
design of the BBC’s buildings.The
distinction between technical areas and
offices becomes blurred, access to ‘the
network’ becomes all-important for
equipment as well as staff, and everything
from infrastructure cabling to power and
air-conditioning has to be rethought.This
is before the technology itself is deployed.

With a long lead time from the start of
planning to deployment, it is challenging
to find a balance between recommending
tried and tested existing technologies

with possibly a shorter operational
lifetime, against the newer cutting-edge
technologies now emerging from
development. Our role is to pilot and
evaluate the new technologies, many of
them resulting from work being
undertaken across BBC R&D.

We have been advising colleagues
throughout these projects, and queries
come through to us on almost every
aspect of our work, past and present –
from the colorimetry of flat-panel picture
monitors to acoustic design, radio
frequency interference to cascading of
video compression formats. Our work
reported in this Review on IP ringmains
and wireless LANs has been triggered by
working closely with the Pacific Quay
team.We have also recently taken part in
tests of high-speed media file transfers, as
part of improving the playout
arrangements of our programmes from
the Nations.
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At the end of the 1990’s the BBC realised that many of the
buildings it occupied needed serious attention or were
becoming increasingly unsuitable.A series of refurbishments
and relocations was started, including a new headquarters for
BBC Scotland at Pacific Quay in Glasgow and a major
redevelopment of Broadcasting House in Central London.
R&D has been providing advice to these projects.

New broadcasting centres
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Technical architecture

‘Technical architecture’ refers to the conceptual design of the
equipment and networks that the BBC uses to produce and
distribute its programmes and services. R&D has been the Design
Authority for all the BBC’s digital services.

Technical architecture
for digital TV 
Improved connectivity between BBC
regional studio centres will, in the near
future, provide sufficient bandwidth to
allow the real-time exchange of TV
programme material in uncompressed
form.This, coupled with the sale of BBC
Technology (who operate much of the
coding and multiplexing for the BBC’s
public service digital television channels)
to Siemens and the increasing pressure
on emission bitrate, has stimulated a
radical reassessment of the BBC’s
distribution architecture for its digital TV
services.This will lead to more efficient
use of capacity, with possible
improvements in overall picture quality.

The new technical architecture may
result in moving to centralising coding
and multiplexing, at least for English
Regional services.This latter step would
improve service reliability and operational
flexibility whilst offering further
improvements in bitrate efficiency.
It would also make it simpler to change
or add to services with minimum impact
on our viewers.

World Service
technical architecture 
We have provided consultancy services
to BBC World Service covering a wide
range of broadcast technologies.The
changing requirements of World Service
transmission and distribution, and the
forthcoming move from Bush House to
the new Broadcasting House have
produced a great many questions; we are
discussing solutions with World Service.
Most recently, we have advised on
technical architecture for the replacement
for the satellite distribution system by
delivering expertise in DVB system
architecture, enabling a move from an
obsolete proprietary system to one
based on open standards.
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Our work in wireless production has grown
from our experience and expertise in
digital terrestrial television (DTT): the
modulation scheme used for DTT can
also deal with the signal reflections that
characterise production environments.
Our wireless cameras have achieved
some ‘firsts’ for the BBC in its coverage of
high-profile, national events, and our
Floorman™ wireless monitor is now
being trialled in productions.

Radio cameras 
Work directly on radio cameras has now
finished. Prototypes of the equipment
developed – including camera, diversity
receiver, and transposer to extend range
and coverage – have been successfully
trialled.We are negotiating with a
manufacturer about turning our
prototypes into products.The R&D-
developed equipment is unique in that it
can be used with more than one radio
camera at a time, which is an important
requirement for the sort of OB event
typically covered by the BBC.

Floorman™ 
Floorman™ allows the director, floor
manager or any other member of the
production crew to view a variety of
video sources (camera output, tele-
prompter, playback, off-air etc) on a
portable LCD screen anywhere on
the set.

At the BBC R&D Open Days back in
2003, we showed a wired concept
demonstrator which attracted many
favourable comments from production
staff, so we produced a fully wireless
prototype.We trialled Floorman™ on

various programmes, including Top of the
Pops, and demonstrated it at several BBC
studio centres around the country.

Following one such demonstration in
Cardiff, BBC Wales invited us to join them
for a programme about the life and music
of Johann Strauss.This multi-camera
location shoot involved complicated dance
routines which the director wanted to
direct from the dance floor. Unfortunately
the ballroom was two floors and
200 metres away from the scanner.
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Wireless techniques in production are important to the
BBC because freedom from cables offers easier and cheaper
setup, particularly for outside broadcasts and location
shoots; it also allows the camera more freedom, making
new kinds of production possible.

Wireless production

1. Video codec board.

2. R&D radio camera receiver on
location with BBC Plymouth.

3. Technical study of 5 GHz IEEE
802.11a wireless LAN.

Yuan-Xing Zheng and Andrew Cotton.

3

1 2
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We were able to provide a complete
Floorman™ prototype, enabling the director
to watch the dancers directly, but also view
the shots from the cameras – including
moving steadicams and crane shots – and
review the camera moves.This saved the
team an enormous amount of valuable
production time.

Although this was the first time that the
director had used Floorman™ he found
it ‘totally intuitive’ and had no problems
adapting to this new way of working.

Now that we have a fully working prototype,
we are hoping to install a Floorman™ system
into a BBC studio and have it produced
under licence by a commercial manufacturer.

Ongoing work 
Our aim is to move from the use of
individual items of wireless equipment

to solve particular problems towards
general wireless production. Our current
work includes:

• A high-quality low-delay video coder;
• A new modulation scheme suitable

for the high microwave frequencies
that we will be forced to use as the
pressure mounts on the use of lower
spectrum bands.

• Diversity techniques that may
increase capacity (e.g. for HDTV),
improve ruggedness, or reduce
radiated power levels (a safety issue).

• Integration of video and audio with
the data associated with production –
scripts, auto-cue, shot-logs, metadata
and control data.

• Investigation of wireless network
equipment developed for the
consumer and office environment: can
it be used reliably in production? 

In order to work in these areas we have
to build and test prototype experimental
systems that are specifically tailored to
meet the fundamental issues around
professional production requirements:
manufacturers have so far failed to
develop this kind of equipment without
proven demand.We then look to partner
with a manufacturer to turn our
prototypes into products that can be
bought by the BBC.

Video coding 
Digital coding and decoding of video and
associated sound signals are fundamental
processes of modern broadcasting.
Wireless production has very particular
requirements for video coding that have
not been addressed by the market.
We are therefore investigating hardware
coding techniques as a basis for
developments in wireless production.
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Wireless production continued

With control of the coding process, we
can exploit the trade-offs between bit
rate, coding delay and picture quality, to
optimise the performance of coders in
different wireless production applications.
For portable applications, there is the
opportunity of closer integration of the
coding and modulation processes, with
benefits for size, weight, battery life
and cost.We can control important
parameters, such as speed of
re-synchronisation, error resilience
and overall signal delay.

Our work is aimed first at the MPEG-2
system, concentrating on providing a basic
coder/decoder core for a range of
wireless production applications.We are
developing a low-delay high-quality coder
within the constraints imposed by
compact, low-power hardware.We will
be able to extend this work to exploit
new developments and applications, such
as Dirac and high definition television.

New modulation schemes 
Pressure on spectrum is growing and in
particular we face the loss of 2.5 GHz-
band spectrum (used by our present
radio cameras) to 3G cellular operations
at the end of 2006. Although some like-
for-like 2 GHz-band spectrum is available,
we must be able to exploit higher
frequencies such as 10 GHz and 24 GHz.
At these frequencies conventional DTT is
not the optimum format – particularly if
the transmitter or receiver is moving.

We are building a flexible receiver
platform that will allow us to develop and
test modulation schemes suitable for
working at these higher frequencies. One
algorithm is being developed for us in
partnership with the University of Bristol,
where a student is working on an
improved synchronisation technique for
digital television receivers.This work
would be equally applicable to wireless
production and to Freeview receivers.

Diversity 
Wireless production equipment must
work reliably over the whole set. Our
work on DTT reception has
demonstrated the importance for reliable
portable reception of diversity, where
signals from more than one receiving
antenna are combined in the receiver.We
have used diversity reception to improve
greatly the range and reliability of wireless
cameras and to ensure that reliability of
reception is not an issue for Floorman™.

Diversity can be extended by the use of
multiple transmission antennas. A ‘hot
topic’ in wireless research worldwide is
the promise of very high data rates in
modest bandwidths resulting from
application of MIMO (multiple input,
multiple output) techniques which use
arrays of transmit and receive antennas
and processing that exploits signal
reflections. Great improvements are
claimed in transmission capacity
or reliability.

We would like to know whether the
apparent promise of MIMO techniques
can be exploited in wireless production.
We are working towards hardware
demonstrators to assess MIMO in Studio,
OB and News operational environments.
We are also planning to collaborate with
one or more Universities – possibly
Durham, Bristol or Oxford.

One specific aim of the project is to
allow a studio HDTV signal to occupy
the same bandwidth currently required
by standard definition. Another possible
application is terrestrial HDTV delivery
to the consumer – a feasibility study is
in progress.

Wireless networking 
Wireless networking technology has
developed for linking computers and
other IT equipment.There is a
proliferation of standards within the

family known as ‘IEEE 802.11’.Two main
spectrum bands are now available – the
newer 5 GHz band has proved less
popular than we expected, although not
to the extent that equipment is difficult
to obtain.This actually makes it more
attractive to the BBC: there is less
competition for spectrum, shorter
transmission distances allow more
spectrum reuse and might provide some
protection from hackers.

We have tested the most recent devices,
the associated software and security
measures.Wireless networks are, under
ideal conditions, able to offer sufficient
capacity to handle both sound and
pictures as well as scripts, running orders
and the myriad of other pieces of data
which need to be collected together in
any successful production.

It might be thought that consumer
equipment (such as tablet PCs) using
IEEE 802.11 standards could replace the
expensive custom electronics used for
today’s wireless production equipment.
However, the requirements for broadcast
production are very different from those
for IT networking: IT networks deal with
file transfers, which can be stopped and
restarted as network conditions require,
and if there are problems with reception,
the transfer can be repeated; broadcast
signals are continuous and must be
transmitted from anywhere on the set
in real time.

The IT industry is working to improve
the robustness (known as quality of
service, QoS) of wireless networks to
the point where they could be used for
wireless production, and we are actively
involved in this process, aiming to steer
the standardisation process so that all
parts of the BBC (and indeed many
other industries) can benefit from cheap,
reliable, easy to use wireless links.
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Production automation

Our work to investigate how the process of programme production can be made more efficient
has focused on two areas: first, the production planning stages, prior to recording or live
transmission and, second, the logging of the production as recording is underway.

On the production planning side, we have
concentrated, so far, on music productions
as these take a considerable amount of
time and the basic methods employed
have changed little in fifty years! To develop
the ideas we have been working with the
production staff for Top of the Pops, which
is broadcast live each week. Currently,
each of the music items – which typically
run for three minutes in the final broadcast
– requires 6 to 12 hours of camera plan-
ning work prior to rehearsal in the studio.

Our new planning process starts with
automatic analysis of a pre-recorded track
of the performance, to extract the beat
of the music.The results from this analysis
are linked to the lyrics of the song and

these combined details are presented to
the director using an off-the-shelf video
editing package.Working in this timeline-
editing environment, the director can plan
camera shots timed to the flow of the
music by using still images to mimic each
of the intended shots. Camera directions
can also be noted; and if a video recording
of a rehearsal is available, this can also be
incorporated to give a better visualisation
of the intended result.

Once the director has completed the
planning of the music item, our software
processes the edit details and automatically
produces the written script for the
programme.This script includes the lyrics,
camera numbers, shot descriptions, and
timings, etc., and adopts the same layout
and styling as one created by hand.

The success of the initial demonstrations
of our ideas led us to provide an early
version of the system for the Top of the
Pops production team to give them an
immediate benefit from our work.Whilst
we continue to develop this system
further, we are also continuing to seek
other music production areas that could
benefit in a similar way so that we can
broaden the applicability of this new way
of production planning.

Our second main area of work in this
field covers production logging and
extending this to carry data seamlessly
through into the post-production stages.
To gain first-hand experience of the
requirements for this, we worked with
the production team for the series
BAMZOOKi during some of their
recording and editing sessions.

After earlier discussions, we created a
logging application for use in the studio

so that the Production Assistant can log
every ‘take’ directly into a database and
mark each as either ‘good’ or ‘bad’. Once
the studio session is completed, the
software produces a log of good ‘takes’
which can be imported directly into the
post-production editing system. Having
the details of the ‘takes’ transferred in this
way saved the production team many
hours of work prior to editing each of
the twenty programmes in the series.

Despite this being our first experimental
system for logging and automation, the
savings were clear to those involved in
the production and we are now actively
extending the system to eliminate more
of the routine work in the post-production
process.We are also planning to work
with other production teams to develop
more of our ideas and hope to be able
to offer even greater efficiency improve-
ments in this area during the next year.

Standardisation 
We have continued to take an active role
in the World Wide Web Consortium’s
Timed-Text group.This group is
developing a recommendation for an
XML-based mark-up for documents
containing both text and timing
information. Although we originally joined
this group to encourage the development
of a standard interchange format for
authoring subtitles, it has become more
widely applicable in our production
automation work. In the meantime,
significant interest in this area has also
grown among those working with the
AAF/MXF production file formats.We are
therefore helping to co-ordinate the joint
efforts of the EBU and AAF/MXF groups
in agreeing a future standard for storing
subtitles alongside the video and audio
elements of a programme.
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1. BAMZOOKi production logging.
Production logging BAMZOOKi in the
gallery at Elstree studios.

2. Logging software.

2
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New tools for inserting
graphics into live images 
The prototype single-camera system
we developed in 2003 for generating
3D graphics overlays and virtual views
for sports events has now been turned
into an operational product, known as
Piero, by Design Systems (a part of
BBC Broadcast). It provides an innovative
way of visualising a scene from a new
viewpoint, for example to simulate the
view a linesman saw when making an
offside decision.The system was first
used on Match of the Day in September
2004. We have helped BBC Broadcast
to improve several aspects of the
system such as calibration of the
camera position.

In February 2004, we started work in
MATRIS, a new EU-funded project in the
6th Framework Programme.The project
is developing a method of tracking the
position and orientation of a camera in
real time, without the use of the special
markers used in current systems such as
free-d, and with an accuracy sufficient to
allow the insertion of virtual objects into
the scene in a convincing way. We are
already applying our results to enhance
the Piero sports graphics system, so that
effects can be applied to the video from
any camera without requiring the use of

a pan/tilt head equipped with
motion sensors.

In previous work we showed that by
tracking a suitably-designed real moving
object, it is possible to attach a virtual
object to it.The virtual object can then
be manipulated by a real actor or
presenter.The first BBC programme to
use this technology was broadcast in June
2004, in the series Body Hits.We have
since licensed our software to a UK
company for commercialisation. Our
licensee demonstrated a prototype at
IBC 2004, where it generated a lot
of interest.

The technique of ‘difference keying’ allows
an object (such as a presenter) to be
separated from a static background (such
as the Houses of Parliament). BBC News
are keen to use this idea for applications
such as keying a graphic behind a
presenter on location; we are therefore
developing a real-time difference keying
system – which is also an essential
building block for other work on 3D
scene capture and player tracking.We
have developed improved methods to
make the keyer less sensitive to
brightness changes, and have
incorporated methods of improving the
quality of the edges of the key signal.
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The key to virtual production is the capture and analysis
of a scene in three dimensions.The analysis can be used to
generate a new view of the scene, to insert objects
realistically into the scene, to replace the background, or
to steer the camera to track a person or object.

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.

Virtual production

3D scene capture at the
Old Trafford football ground.
Using a 3D model generated from
multiple cameras allows the virtual camera
position to move freely.
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We are studying an edge-improvement
method developed at the University of
Edinburgh, and hope to work with them
in further development of this technique
as part of our programme of
university collaborations.

New tools for 3D
scene capture 
We are developing new tools for
capturing an animated 3D model of a
scene, using multiple cameras. One
specific application we have been studying
is the generation of virtual views of a
football match, using images from multiple
cameras positioned around the ground.
This should offer a significant
improvement over the single-camera
technique that we have previously used,
which is limited to small movements of
the viewpoint and cannot easily cope
with occlusions between players.

In collaboration with BBC Sport and
Outside Broadcasts, 16 cameras were
positioned around one end of the Old
Trafford football ground, and several
image sequences captured during the
England v.Wales match in October 2004.
By building on our results from the
EU-funded ORIGAMI project, which
finished in April 2004, we were able to
calibrate the positions of the cameras and
reconstruct 3D models of the action.

Automated coverage 
We are developing a concept called
AMICOS, automated multi-camera
operating system. As part of this we are
trying to track moving objects (such as
sports performers) in three dimensions
by combining elements of our work on
3D scene capture and difference keying.
By linking with other sources of data such
as the scoreboard, the aim is to provide

intelligent automated camera control and
vision mixing.This would allow the BBC
to cover many more events than it can
currently afford, and could be particularly
important for providing content for
interactive television or the web, where
viewers can be offered an extended
choice of matches or events.

We worked with BBC Sport and
Outside Broadcast to test a first
prototype at the Women’s Tennis
Tournament at Eastbourne in June 2004.
By analysing images from two small fixed
cameras, the system tracked players on
the court, and controlled a camera on a
robotic head to frame a shot of one
player. We have since made various
improvements, including the addition of
a system based on artificial intelligence
techniques to ‘understand’ the state of
the scene and control a vision mixer.



Networks for production 
Work in computer networks has progressed
with the testing of a number of video and
audio interfaces based on IP (internet
protocol) and ATM (asynchronous transfer
mode).The general quality of service per-
formance of network structures is also an
issue.We have worked with a number of
manufactures and pilot projects to test the
abilities of IT networks to deliver sufficient
quality of service to support the BBC’s core
broadcast and production infrastructure.

We are developing live broadcast and
production structures based on ATM
network technology.We have continued
with the deployment of live audio networks
based on a new standard for passing
professional audio over this type of network
known as AES47 (IEC 62365) developed
from work we have carried out over the
last few years.We are now studying the
development of a similar structure for
both compressed and uncompressed
serial digital standard and HD format video.
The objective is to deliver a complete
high performance live video and audio
production structure able to route,
distribute and monitor live streams over
standard IT networks.

A key area for the development of open
standard network structures for media
production is the use of common control

and management protocols.We are
developing a new standard for the
management and control of live networked
production systems.This is being progressed
through the IEC standards body (as IEC
62379) and involves the use of SNMP
(simple network management protocol)
and the development of a standard
management information base to provide
a common management layer between
different manufacturers’ products.The EBU
has started a work group (N/CNCS) to
contribute to this new standard. It will be
of great importance if the BBC wishes to
be able to purchase components of our
production structure from a number of
manufacturers while being able to
manage the resulting networked systems
in a simple and cost effective way.

In developing our abilities to work on IT
networks we are gathering a powerful set
of test and analytical tools tailored to issues
we find when bringing media production
and IT networks together.This gives BBC
R&D the unique ability to explore many
possibilities as well as to test the claims
made for products and IT systems
proposed for use in programme making.

Storage 
As production tools shift from mainly
using tape to file based storage, the
performance of storage devices such as

hard disks becomes critical to the pro-
gramme making process.The storage and
recovery of programme material puts
particular performance requirements on
such devices not often found to be an
issue with normal business computing file
storage. In particular, the storage of TV
programme content is likely to produce
very large files that have to be moved,
played and copied at various times throughout
the programme makingand playout process.

The performance of differing approaches
to storing programme content has been
the focus of our work in this area.
We have developed a storage test
program that emulates many clients
accessing very large files in the same way
as programme making applications.This
has allowed us to test and understand
the requirements for TV content storage
in a production environment.
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Broadcast production is moving from traditional production
infrastructures to IT based systems.This involves the handling
of programme content as computer-type files and dealing with
live video and audio as streams sent over some form of
network. Most standard business IT systems exhibit difficulties
in meeting the needs of programme production in supporting
time-critical high-quality audio and video streams. Our work
in this area is developing solutions and standards to enable
network structures to deliver cost effective and flexible
structures to meet the needs of programme making in the
future.We have also shown how IT networks can support
‘ringmain’ distribution of radio and TV services.

Networks and storage 

Richard Marsden and
Andrew Lipscombe looking
at live streaming.
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The performance of file storage is closely
bound to the performance of the IT
network connecting it to the client
applications. As a part of our ongoing
work we are also assessing how these
interact and the resulting effect seen by
those using such structures in critical
programme making situations.

Using IT networks for ‘ringmains’
The BBC needs to modernise its office
viewing and listening ‘ringmains’.These are
internal distribution networks for our TV
and radio services, based on UHF and
VHF transmission on coaxial cable, feeding
ordinary TV sets and radios. Ringmains
are installed in all our major buildings and
most of our regional production sites.
Adding our digital services is quite a
challenge, and an increasing number of
local signals have to be carried too.The
ringmain for the London W1 redevelopment

calls for six coaxial cables to be run in
parallel, with switch boxes for every
outlet, and thousands of outlets.There
must be an easier and cheaper way! 

The potential replacement takes the form
of IP (internet protocol) streaming over
the existing IT network, with viewing on
the standard BBC Desktop PC (although
conventional televisions can be fed via
suitable decoders). After building an
experimental system at R&D we have
installed a fifty-seat pilot in the BBC’s new
Media Centre in West London, with the
help of colleagues in BBC Technology Ltd.
(now Siemens Business Services Media)
and BBC Technology Direction.

For non-technical reasons the pilot is
restricted to about fifty users, and to seven
TV and nine radio channels totalling about
35 Mb/s, although 220 Mb/s was carried in

tests at R&D.This included a high definition
service.The quality is identical to our public
digital broadcasts, display device permitting,
because the signals are mostly derived from
DTT and DSat transmissions. DVB subtitles
can be displayed, and we have started tests
with a company that provides PC emula-
tion of decoders for interactive services.

The IT network must be configured to
avoid being swamped by the ringmain traffic.
By using IP Multicast, only one copy of each
service is streamed, regardless of the number
of viewers, and a combination of routing
protocols known as ‘PIM-SM’ and ‘IGMP’
sends each service only to the PCs where it
is required. Conventional IP streaming would
attempt to create a separate copy for each
user, overloading both the ringmain server
and the network.This was the first high
bit rate use of IP multicast with PIM-SM
and IGMP on the BBC’s IT networks.



Finding content 
We want to make it easier for our
audience to find the things that they want
– whether that is last night’s episode of
EastEnders, or all radio programmes
about Indonesia, or the best web pages
on gardening.We want search engines to
return more relevant results and personal
video recorders (PVRs) to recommend
more interesting programmes, all with
intuitive and easy to use interfaces. So we
are researching many areas including
search technologies, innovative user
interfaces, semantic web technologies and
personalisation. And we try to apply all of
this to the many platforms that are
relevant to the BBC’s output – TV, radio,
the internet and mobile devices.This area
has taken advantage of collaboration with
New Media to harness the talent of the
designers working in the field.

We have developed several fully working
prototypes such as a personalised
TV-Anytime programme guide called
genome, intended as a guide to best
practice for next-generation programme
guides and as a platform for exploring
more advanced ideas.We have also
created a web-based TV-Anytime
programme guide and a combined
internet,TV and radio search engine.

A critical challenge to the successful
adoption of new technology is its
acceptance by the public. Detailed
research of user attitudes and behaviours
is therefore critical to the design of new

technologies, as this knowledge helps
match what technology can offer with
what people do and want. R&D work
aims to balance the behavioural science
aspects of technology-led development
with people-led development.

Our investigations of people’s use of
programme guides, PVRs and video-on-
demand have already helped shape and
direct R&D work, and provide wider BBC
insight and strategy.We are developing a
range of applications that match the
behaviours and drives we have identified
– for example, developing a range of
services that can support a wide range of
programme-finding behaviours from
highly specified searches, through vague
‘entertain me’ browsing, to serendipitous
‘surprise me’ tools.These services are
designed to be powerful yet usable, rich
yet uncomplicated, and work for both
novices and experienced users.The tools
will support future changes, as technology
develops and as users learn and adapt.
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R&D was the first part of the BBC to recognise the value
in behavioural science as part of the innovation and
development process.Aspects of the work such as usability,
user experience design, and interaction design are now
common and critical features of mainstream BBC business.
We now concentrate on defining the drives – the basic
human needs – that underline media behaviour, and on
pushing innovations that allow new behaviours and assessing
their impact.

User centred design

1. genome.
An example interface of the R&D genome
system which offers the user an ‘atomic’ view
of a programme and its related content –
central to the display is the the programme
of interest and related programmes or
genres are displayed around it.

2. 3D interactive software.
Demonstrating how BBC audiovisual content
can be embedded into 3D interactive
software of an otherwise conventional
online game.

1

2
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User testing 
Usability and user testing has continued
as a fundamental part of R&D work, and
has supported a number of BBC projects
and productions. A particularly crucial
development has been the collaborative
development of ‘User testing guidelines
for children’ for use by CBBC and CBeebies
interactive. Furthermore, steady develop-
ment and refinement of techniques,
continued training, and promotion across
the BBC has led to a much wider effect.
Usability is now an established part of
new media development, with usability
specialists operating across the BBC and
the installation of usability laboratories
now being completed in other areas of
the organisation.

Advice and support to other BBC projects
has greatly increased recently as tech-
nology such as mobile telephony, PVRs

and others have become mainstream
and widely available. R&D now supports
the innovations and prototyping efforts
of a number of interesting projects from
Creative R&D and BBC Internet, and
has contributed to the BBC’s Internet
strategy.We help by providing technical
and audience advice and knowledge, and
we are beginning to take on the role of
building testable demonstration and
prototype systems that allow concepts
to be explored and evaluated in a
systematic and effective manner.

3D Interactive content 
The computer games business has grown
massively from its humble beginnings into
a pervasive market that now outstrips
popular music. It is emerging as an
important cultural element of our society
– an element of society which the BBC is
currently failing to serve.This is because it

is unclear how the BBC can contribute in
an appropriate way.We have initiated a
‘3D Interactive’ R&D work area to
address this issue.

We are developing a test-bed 3D Inter-
active software platform, known as the
‘3D Interactive Media Lounge’. So far, we
have used this platform to demonstrate
how BBC audiovisual content can be
embedded into the 3D interactive
content of an otherwise conventional
online game.This strategy offers a low-
risk route for the BBC to start to
become visible within this domain.

We will continue with this work area to
explore how the BBC can further ease its
way onto current and future generations
of games platforms, with an overall aim to
facilitate the BBC’s tradition of innovative,
award-winning content.



Desktop production

The BBC needs to use IT to promote better ways of working and to eliminate unproductive
tasks like tape copying. It must be able to share content between all potential output platforms
– from TV and radio through interactive, the internet, and handheld devices to books, tapes and
DVDs.This requires the BBC to manage media assets effectively across the enterprise. Desktop
production researches the engineering techniques to do this effectively.

In particular we are interested in standards that allow us to integrate the best software tools
from a range of manufacturers into a BBC-wide system, and to allow this system to change and
evolve effectively as new products become available.The major goal is to meet tight production
budgets with increased creativity by making the content production process as efficient and
flexible as possible.

Enterprise-wide
content management 
In desktop production, audiovisual
content is captured or synthesised using
software. In our vision, it is stored once
to be used many times for many potential
output platforms.The strategy is to label
this content with managed metadata to
facilitate searching and re-use.The
metadata may also form part of the
content delivered to devices in the home
that have storage and search facilities.

The best tools for production are
likely to come from a variety of
manufacturers, each having a different
expertise. We can integrate these tools
effectively only if it is easy to transfer
files containing programme audio and
video with associated metadata
(collectively known as ‘content’)
between applications from different
manufacturers. Our work in the AAF
Association and the Pro-MPEG forum
in designing, standardising and promoting
the Advanced Authoring Format (AAF)
and Material eXchange Format (MXF),
the standard file formats for content,
is just starting to produce the first
interoperable products. As well as
providing technical leadership, we have
supported open source software toolkits
to manipulate the files, to test compliance
and to make it easier for manufacturers
to produce products.

We have proposed a new standard for
the exchange of content between
organisations, for instance exchanges
between BBC business units or between
the BBC and post-production houses or
independent producers.This standard is
known as Media Dispatch and we have
implemented and tested a draft
specification maintained by the Pro-MPEG
Forum. Initial exchanges using the standard
have been demonstrated between
BBC R&D and volunteer independent
post-production houses.We have made
our software freely available by publishing
it with an open source licence to encourage
the uptake of the proposed standard.

A longer-term vision is to define a media
handling structure, or domain model, that
would be suitable for the whole media
production industry. If achieved this
would form the basis for wider
interoperability in content production and
media asset management. A proposal
with IRT, the joint research centre for the
German-speaking public broadcasters, has
been accepted as a Eureka project
(MAP). Our intention is to bring in
further industrial partners.

High definition TV capture 
The formats for high definition TV (HD)
have not been decided yet either for
capture or transmission, but the BBC has
committed to HD production in its

strategic plan.We are investigating
whether consumer HD cameras are
suitable when they are followed by
down-conversion to standard definition
(SD).These cameras use MPEG coding
schemes so we are evaluating the
compromises that this could impose at
the bit rates they operate at. Managing
HD content, and its conversion to SD, is
an issue that producers do not currently
take into account, so we are devising
ways of automating this in media asset
management systems.

Multichannel audio
production 
Multichannel sound and the increased
aural experience it offers will require
extra production effort.The use of an
open office environment, even for initial
editing, is particularly difficult.The
multichannel headphones that we have
already investigated do not provide an
adequate directional experience.We are
investigating whether special processing
that takes into account head movement
can provide a good enough simulation to
allow effective initial authoring in open
offices, prior to using a good acoustic
environment for finishing.This will reduce
the need for costly specialist
audio facilities.
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DAB coding and
multiplexing 
The BBC’s successful national DAB
service is currently produced using
equipment developed by BBC R&D to
support the earlier experimental DAB
transmissions.This equipment is now
getting quite old and as part of the
project to rebuild Broadcasting House, it
was decided that replacement was the
best way forward.We have been helping
BBC Radio & Music Interactive first in
selecting a commercial system that most
closely meets the BBC’s requirements
and then working with the manufacturer
to tailor the system to the BBC’s specific
needs. As with any broadcast service, one
of the key requirements is that the BBC’s
output should continue reliably even in
the event of a component part of the
system failing for whatever reason, and
we have reused the expertise gained
from installing the original equipment to
achieve this aim.

DAB reserve system
investigation 
Replacement of the existing DAB systems
when the new Broadcasting House is
commissioned doesn’t mean that the
current systems can be neglected.The
BBC maintains off-site reserve facilities in
case the feeds from Broadcasting House
should fail.We conduct periodic checks
on this equipment to ensure that it is
operational and can meet the BBC’s
needs at a moment’s notice. As changes
are made to any part of the system, we
have done some complex
troubleshooting to ensure that the output
is safe to be put to air without risking any
loss of service, allowing real to-air testing
with much greater confidence.

World Service router
investigation 
Recently we were asked to audit the
main audio router used in Bush House
after a series of apparently unexplained
failures, some resulting in loss of output.
This investigation examined both the
equipment itself and the overall system
architecture, and produced several
recommendations to improve the overall
resilience of the system should similar
faults ever recur, thus safeguarding
the output.

Assistance to BAMZOOKi 
Following the success of the first series of
BAMZOOKi, a second series was made in
2004, again using our free-d camera
tracking system to allow virtual creatures
to appear on a table in a real studio.We
provided advice to the production team
and the supplier of the rendering
software, to overcome some of the
technical challenges of integrating real-
time 3D graphics into images from the
studio cameras.

Radiation from
newsgathering vehicles 
Newsgathering Operations were
concerned that radiation from their
Capsat Messenger terminal might be a
hazard to staff or members of the public.
The manufacturer’s guideline states that
the minimum safety distance from the
antenna on the focal line is 2 m; when
the terminal is in use on the roof of a
vehicle, it would be possible to get closer
than that.We made measurements of the
radiation from the vehicle which showed
that the field strength to which anyone
could be exposed in normal BBC use of
the equipment is well within current
guidelines; the manufacturer’s

recommendation of 2 m exclusion could
be relaxed for staff knowledgeable about
exposure issues, though it should still be
applied to the general public.

Radiocamera trials
in productions 
R&D has been able to help several
productions by using the opportunity to
trial prototype radiocamera equipment.

We took a prototype BBC radio camera
and a new diversity receiver for testing by
BBC Plymouth as part of an outside
broadcast from a village fete at
Portesham in Dorset.The equipment
worked well, and allowed BBC Plymouth
to cover both sides of the village green,
which was cut in two by a road.

We set up transposer equipment to
provide much better radiocamera
coverage for the Lord Mayor’s Show in
London.The main aim was to test
improved diversity software.The
transposers formed part of a four-way
diversity system which ensured totally
robust reception of the radio camera
signals – a great improvement on last
year when we had some problems with
early prototypes. An impromptu attempt
to use a radiocamera on a bus failed –
but with a little preparation it could have
been made to work by fitting a
transposer on the bus.

R&D often gets asked for help by operational parts of the BBC, either at a divisional level or by
individual productions. Requests that relate to a major workstrand are reported with that
workstrand; the following is a selection of other recent ‘operational assistance’ jobs.

Assistance to
operational services
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VALUE TO THE BBC’S AUDIENCES

Much of our work is aimed at helping the BBC to provide new or improved services to its
viewers and listeners, the licence payers.That includes improvements in quality and coverage
of BBC services, and making them more accessible to all. In Building Public Value the BBC
promises to be an innovator, ‘combining old and new media to offer a range of new services
that can make a difference to people's lives’.
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Sign language 
TV programmes with deaf sign-language
interpretation are currently broadcast
with the signer visible to all.Whilst of
great value to those of the BBC’s viewers
who are deaf and understand sign
language, such ‘open’ signing is distracting
for the majority of other viewers. As the
proportion of signed programmes
increases so therefore does the need to
find a means of delivering interpretation
as a ‘closed’ or ‘elective’ service – as with
subtitles – so the viewer can choose
whether to see the interpretation.
The resulting freedom to schedule signed
programmes at peak-time would benefit
the signing community by giving them
access to a wider and more inclusive
choice of BBC TV programmes at
convenient times.

Our work towards developing an
effective method of delivering closed
signing has, necessarily, continued along
two paths – the use of virtual humans
(avatars) and vision coding – as neither
technology is sufficiently mature to meet
the challenges of this application.

We have made progress with the develop-
ment of tools to track the motion of
an interpreter and to use this data to
animate an avatar rendered in
the receiver.

For TV sign language interpretation the
BBC needs to generate a clean and
representative motion data stream with
minimal post-production. However, most
commercial motion-capture is done for
the production of feature films and hence
with feature-film budgets and timescales

afforded by non-real time processing
constraints.We have developed tools to
automatically resolve ambiguities in the
motion capture data and thereby to
improve efficiency. In driving a virtual
skeleton (onto which the final avatar will
be mapped), we have also had to resolve
motion capture accuracy issues caused by
tracking reflectors that are on the surface
of the interpreter’s body rather than on
skeletal joints.

It is vital to capture facial detail sufficiently
accurately to to represent the full gamut
of ‘non-manual’ features of British Sign
Language (BSL), which is not just
conveyed by the hands. As part of this
project the University of East Anglia has
been developing techniques for marker-
less tracking of facial detail. From optical
camera images salient facial ‘landmarks’
can be tracked and used to derive
parameters with which to modulate the
avatar’s face.We have provided
appropriate picture material for testing
these techniques. Particular attention is
being paid to maintaining a stable data set
that is independent of the signer’s pose –
even when part of the interpreter’s face
is occluded by the hands.

Following consultation with colleagues
in BBC Broadcast we have specified the
requirements for a prototype signing
avatar for use in this work and our
sub-contractor Televirtual has designed
one to our specification.

Work on vision coding has shifted
towards optimising the open-source
BBC R&D Dirac tools to the particular
requirements of sign-language
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We want to make the BBC’s services available to all.
An audio description service for blind and partially sighted
viewers has now been launched, and R&D is working on
ways of delivering sign language interpretation that viewers
can choose to see at any time.

Access services

Audio description:
‘... she stops outside a door that
has a sign advertising rooms ...’

Tipping the Velvet.
Audio description – a suitably timed
spoken explanation of the scene, action
or characters is mixed with the main
programme audio and is particularly
appreciated by the blind and
partially sighted.
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interpretation. Continued liaison with the
University of Bristol and with the RNID
has increased our understanding of the
relative importance of facial and manual
features for those watching sign-language
interpretation on television.This informs
the development of appropriate
strategies for coding the different parts of
a signing image. It will also have
significance in the relative positioning of
programme and signing images (however
delivered) when they are combined in
one display in the home.

To support these twin approaches to
delivering sign-language interpretation, we
have developed programmable video
processing hardware based on a generic
BBC R&D design.This will form the basis
of any prototype operational system – its
first application has been to demonstrate
real-time face segmentation.

Audio description 
Audio description (AD) is now available
both on DTT and DSat for BBC digital
television services. It provides a spoken
description of the scene or action during
natural gaps in the normal programme
narrative and is particularly appreciated
by the blind and partially sighted.The
proportion of programmes that are
described is quite low (currently about
five percent) but failure to deliver AD
correctly and as scheduled on any single
programme can result in considerable
disappointment for our audience.

Because Audio Description is not
added to most programmes and is not
continuous, its absence does not usually
indicate a fault – and not all faults cause
it to disappear completely. So to detect
problems we need to look for
inconsistencies in the programme

transport stream, and we have
developed software to do this. Whilst
the tool (based on our ‘Beagle’ stream
analysis software) is still under
development, it has already allowed us
to identify a number of significant faults
and to localise the cause of each.This
has helped operational colleagues to
restore the quality of service enjoyed by
our AD listeners. In addition, the tool
allows analysis of Service Information
(SI) within the transmitted stream – this
has also enabled some complex and
unusual problems with transmitted SI to
be identified.



Building Public Value lays out a vision for
the future that includes delivery of BBC
content online in various medium term
projects – the Creative Archive, and the
iMP. There is also a longer term vision
with the purpose ‘that audiences can
make the most of the ever-increasing
choice of programmes and information
available, whatever platform or device
they choose to use’ .

Our goal in online research is to support
this vision – to enable the long term,
large scale delivery of the diversity of
BBC content to a diversity of platforms.
We expect that high speed networking to
the home will eventually become
commonplace rather than the exception.
The BBC must therefore be ready for
large scale online delivery of its content.
For content that is live or highly popular,
then broadcast mechanisms are most
appropriate, and we are working on
enabling similar mechanisms on
the internet.

User choice 
The internet brings a problem that is also
its key benefit: choice. If an audience is
given a choice, they usually take it. Some
things tend to be more popular than
others and get the limelight – such as the
top ten. But someone still wants even the
least popular products. In fact the volume
of sales of the thousands of options
outside that arbitrary top ten outweighs
those inside the top ten.

We have been investigating patterns of
how people use the BBC website –
bbc.co.uk. During this work we found
that, as with many websites, a few parts
are very popular, but most of the demand
actually comes from small numbers of
people accessing the less popular, but
numerous other parts of our website.
Why does this happen? Our website not
only has a huge range of content, but it is
also easy to move around and very well
cross-linked – making it possible for you
to find whatever you’re looking for, no
matter how obscure.

Thus when the BBC chooses to make the
full diversity of its content available, there
will be millions of people accessing
potentially hundreds of thousands of
items of content.We need to look at
mechanisms that allow the internet to
handle delivery of BBC content to
the audience.

Some mechanisms are already in place for
web pages – in the form of web caching.
However, even existing web cache
systems deployed by internet service
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To deliver the breadth of its content to any platform or device
our audience chooses, the BBC must extend and change the
way content is delivered over the internet.

Online

The Kamaelia project.
In order to collaborate with interested
parties, the Kamaelia project was launched
as an open source platform.

http://kamaelia.sourceforge.net
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providers (ISPs) cannot deal with the
level of demand we can reasonably
expect. Furthermore web cache systems
certainly cannot deal with the diversity of
devices the BBC vision foresees. At
present the most promising solutions are
those called peer-to-peer systems.

Peer-to-peer has a dubious legal history
but also has technical potential. Peer-to-
peer systems can be thought of as an
adhoc large scale content caching
mechanism built into the network – a
national databank if you will – or as a
personal video recorder for the internet.
Another way of looking at it is that such
systems act as a delayed broadcast
mechanism. Unfortunately peer-to-peer
can also be said to suffer all the problems
associated with each of these three
descriptions.You’ll have few problems
finding today’s latest top ten single on a
peer-to-peer system, but will you be able
to find something more obscure from
several years ago? Furthermore peer-to-
peer currently suffers from a lack of
standardisation, but this also reflects the
relative immaturity of this field.

Multicast 
During the 2004 Olympics, BBC R&D ran
a multicast trial that offered multiple
channels of coverage, taken directly from
the main television feeds.The streams
were encoded at 384 kbit/sec, intended
to fit easily down a 512k ADSL
connection.The quality of the streams
was surprisingly good, and even fast-
moving events were watchable.

The new thing here is the innocent-
looking word ‘multicast’. Multicast is
similar to traditional broadcast in that the
BBC sends a single stream of data out

onto the Internet.The underlying
networks copy it to the interested clients.
Of course, it’s not magic, and requires all
the intervening networks to be multicast-
aware, so we were working with a trial
network of UK ISPs, all of whom had
ensured that their networks were
multicast-ready.

Multicast lets us offer higher-quality
streams, while our bandwidth costs are
vastly reduced, as is load on our network.
It also makes it financially viable to offer
more BBC content online – not just
watchable video, but also higher-rate
radio streams. Some BBC radio stations
suffer from having to be compressed as
heavily as they are at present, a notable
example being Radio 3, with its large
dynamic range and world-famous
‘quiet bits’.

Kamaelia 
Internet standardisation processes allow
for any interested party to join in. In the
case of peer-to-peer systems interested
parties tend to write their own systems
from the ground up: if a protocol cannot
be implemented by a small number of
dedicated programmers, invariably a new
protocol is invented that can which ends
up replacing older, more complexprotocols.

To test better approaches and standards
for network streaming to handle millions
of people watching streams or accessing
content inside the network, we need a
platform for collaboration.The platform
needs to be simple to extend, scalable
to test protocols under real loads, and
available to both the internet standard-
isation community and to the communities
working on peer-to-peer systems. So we

launched the Kamaelia project, a platform
specifically designed with these goals in mind.

We need to collaborate in Kamaelia with
any interested party, so following the
success of our open-source Dirac
project developing video compression,
we released this platform in late 2004
as open source.Written in Python
(a scripting language whose syntax is
particularly easy to pick up), this simplifies
experimentation in real server conditions
with new streaming and peer-to-peer
protocols. It also puts us in a position
to help guide standardisation in the
directions the BBC needs in order to
deliver the public’s desires.

Diverse platforms 
Mobile phones are now powerful
networked computers in many people’s
pockets – having gone from near
obscurity to near ubiquity in just ten
years.They are going to be an important
platform for rich interactive services.
To illustrate their capabilities we have
made the core of our Kamaelia platform
– the Axon framework – run on mobile.
We have also tested development
systems and features of the phones to
allow new forms of interactive TV and
radio by using the phone.

Having our open platform running on
mobiles opens some exciting prospects.
These include delivery of content not just
to mobile phones, but also potentially
served from mobile phones – meaning
that the national databank sharing the
BBC’s content, user generated video,
audio, and text extends right into
your pocket.



Interactive content
production 
There is already a vibrant market in
authoring tools for interactive television,
and many of these tools are mature and
well featured products. So at first sight
the production of interactive content
should be straightforward.

However, the format of the output
generated by each tool is proprietary.
This means that the output of each tool
needs to be separately integrated into
the production chain – a costly process.
Furthermore, few, if any, of the available
tools adequately support all three digital
television platforms.The result is that for
in-house production the BBC has had
difficulty in making use of the best
available tool for each particular job.
Many external producers use the same
tools, so the same problems surface
when commissioning interactive content
from outside.

In response to this BBC R&D has
taken a leading role in an industry-wide
activity to develop an open standard
for the interchange of interactive
services.This takes the form of a
portable content format (PCF) that
supports the description of every
aspect of an interactive service.
By standardising the interchange format
there will be a one-off cost to introduce
support for the PCF within a particular
broadcaster’s production chain, after
which any authoring tool that provides
a PCF compliant output can be
freely exploited.

This activity is being undertaken as part
of the international DVB project and has
the support of many key players in digital
television, including Sky, NTL,Telewest,
OpenTV and Liberate.The first draft of
the standard is expected by summer 2005.

DTT receiver conformance
DTT in the UK is an open platform with-
out a controlling platform operator to
manage the release of receivers into the
market. It is therefore difficult to ensure
that all broadcast services work in the
same way with all receivers.The problem
is most acute for interactive services.

Previously BBC R&D has represented
the BBC as a leading player in the
development of the UK profile of MHEG,
a specification for how interactive
services should be provided on DTT.
This was finally published as an ETSI
standard in 2004. However, publishing
an open standard does not guarantee
interoperability.The Digital Television
Group (DTG) has co-ordinated the
development of an MHEG Test Suite that
provides an objective measure of a
receiver’s conformance.We have made
a major contribution to this activity.

Industry co-ordination and
communication is the only way to
prevent non-conformant products
appearing in an open market.We have
represented the BBC’s interests in a DTG
group of broadcasters, manufacturers and
other interested parties that has
developed an MHEG Interoperability
Code of Practice.
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Interactivity is now a mainstream part of the BBC’s digital
television output.The BBC is still the only broadcaster providing
interactivity on all three of the UK’s digital television platforms:
satellite, terrestrial and cable. However, with this increased
profile and public awareness goes a responsibility to ensure that
the way in which the BBC produces and delivers interactive
content brings maximum benefit to the viewing audience.

Interactive services
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The aim of this Code of Practice is to
ensure that all receivers implement all
features of the UK profile of MHEG in
a conformant manner (as determined
by the DTG MHEG test suite) and that
all interactive services operate as
intended on such receivers. Broadcasters
can then confidently offer attractive
interactive service propositions exploiting
the full range of functionality; viewers
will receive a less problematic and richer
experience, to the general benefit of the
DTT platform.

Archiving interactive
television 
The BBC has a legal obligation to archive
its broadcast services as transmitted.
It also wants to capture high profile or
pioneering content for historical reasons.
For video and audio this is currently
achieved by recording the output of a
domestic receiver onto VHS cassettes.
However, this approach cannot be
adapted to include all the components of
the BBC’s digital transmissions, including
interactive content and subtitles, so a new
system is required.

Working with the BBC’s Information &
Archives team, BBC R&D has developed
a potential solution to this challenge based
around the capture of all elements of the
digital transmission. A pilot implementation
of this approach was demonstrated at the
International Broadcasting Convention
2004 and is currently undergoing a period
of user testing at the BBC’s Broadcast
Centre in White City.

The pilot proves how an as-transmitted
digital archive can help the BBC capture
events such as Wimbledon Interactive for
both legal and historical purposes. It is
also proving valuable as a means of
exploring and monitoring operational
issues after transmission, for instance did
the ‘Press Red’ prompt actually appear
as intended? 

Looking to the future 
All the DTT receivers deployed in
the UK since the platform’s launch
in 1998 use the MHEG language for
interactive services. Seven years later,
DTT is gaining strength in other
countries. But an increasing number of
platforms abroad are adopting the
DVB Multimedia Home Platform (MHP)
for their interactive broadcasts, and
MHP has potential to become a
worldwide standard.

New technologies such as hard-disk
video recorders, high definition TV, and
broadband internet may make MHP
relevant in the UK. However, the DTT
multiplex operators have made a
commitment that means that MHEG
will remain an essential aspect of the
UK DTT platform for the foreseeable
future: those receivers already deployed
cannot be upgraded to support MHP.
BBC R&D has been considering how
interactive services could be provided
for a mixed population of MHEG and
MHP receivers.This has been
undertaken with industry partners
(Endurance Technologies, Philips, and
Strategy & Technology) as part of a
DTI-supported project.

There are two possible approaches:
either broadcasters could attempt to
simulcast interactive services in both
MHEG and MHP forms, or MHP
receivers could use a software ‘plug-in’
to interpret existing MHEG
transmissions.The project consortium
has demonstrated both approaches
working in practice and found that both
have potential to provide a solution.
However, more work is needed: the
simulcast approach requires significant
additional bitrate that is not available
today, and the plug-in approach requires
receivers that support changes and
features only recently added to the
MHP specification.



An 8-day EPG for the
DTT platform 
Until recently the DTT platform (which
includes Freeview) suffered in relation to
other platforms: its limited EPG showed
details of only current and following
programmes. An 8-day EPG was
launched on DTT in July 2004.This was
achieved through excellent collaboration
amongst UK broadcasters and
transmission operators. BBC R&D
provided a key technical role in devising
and deploying the technology used to
provide the EPG in the UK DTT
network. We also ensured that the BBC
was able to populate the EPG with
trustworthy data.The UK DTT network
is a very complex distributed system:
our expertise has been frequently used
to investigate technical issues that were
affecting the platform as a whole.

TV-Anytime EPGs 
There are many mechanisms currently
used to provide information into an EPG.
The supporting data can be delivered, for
example, over a dial-up connection, from
a website, or multiplexed with the
programme data.The data provided by
different applications varies, and the data
formats are mostly proprietary. Some of
the current services are well thought out
and supported; others are not.This is a
minefield for consumers wanting to buy
into the digital future.

For many years BBC R&D has been
working with other broadcasters and
equipment manufacturers to develop
a system to allow a broadcaster to

cost-effectively support the plethora of
devices and to ensure that a consumer’s
choice of reception device can be based
on the features available and not on the
quality of the underlying technology: the
underlying technology will be based on
the internationally agreed open standard
called TV-Anytime.

During 2004 we have been conducting
investigations into just what the impact of
TV-Anytime signalling would be on the
UK digital broadcasting architecture.This
has included significant input into the
thinking behind the PVR Testbed project
run by the Digital Television Group
(DTG) which aims to test broadcaster
and receiver manufacturer issues in a
collaborative way.

This Testbed Project is exploring the
possible implementation of TV-Anytime
in the UK’s digital terrestrial television
system and all the issues it would raise
for broadcasters. BBC R&D has
supported the work of the project with
advice, test streams, and the provision of
software tools. As part of this work we
developed a Java-based TV-Anytime
library that we have released under an
open source licence to enable all
members of the industry to learn about
TV-Anytime.

In order to help speed the deployment
of TV-Anytime over digital television we
have implemented an experimental end-
to-end pilot system.This work preceded
the start of the DTG TV-Anytime Test-
Bed project, so that we could contribute

to the development of European
specifications.We have used our pilot
system, built on the existing SID EPG
database, to test and develop the
European standard and to enable
manufacturers to test their equipment
to the standard.

At Mediacast and IBC 2004 we
demonstrated the pilot in collaboration
with manufacturers to raise awareness
of TV-Anytime technology and to
promote the DTG Testbed Project.
We demonstrated the efficient delivery
of TV-Anytime data and also ‘trailer
selection’ – the ability to press ‘record’
during a trailer for a programme in
order to schedule a recording.

The large range of service propositions
enabled by the TV-Anytime standard –
such as trailer selection – has implications
for the BBC.We have been evaluating
the systems and practices within the BBC
that will have to to change to support
such exciting new services.

To create the metadata content required
to populate these new services BBC
R&D has also been working on future
content creation systems.The BBC
already provides its audience with the
most accurate and timely metadata.
The usefulness to new BBC services such
as iMP has already been demonstrated.
The SID 3 system aims to take this a
stage further by providing a flexible
metadata creation and distribution system
which enables new service propositions
to be rapidly deployed.
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An accurate and informative electronic programme guide (EPG) is a key method for the
BBC to promote its programmes to digital viewers.The EPG is particularly important for
the hard-disk-based personal video recorders (PVRs) that are expected to replace video
cassette recorders: for PVRs an EPG will be the main source of programme selections.
R&D has contributed to the open standards that will support future EPGs (TV-Anytime)
and has developed the facilities used for authoring and publishing EPG data in the BBC (SID).

Electronic programme guides
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Audio improvements

Digital processing and transmission of audio can offer cleaner sound for our audiences.
However, it can also introduce new forms of distortion. BBC R&D is trying to reduce these
artefacts to deliver better quality audio services.

Audio coding improvements 
DAB, DTT, and most digital satellite
sound use an audio data compression
system known as MPEG Layer II.This is
therefore in widespread use in DAB
radios and TV set-top boxes.The basic
technology of Layer II was developed and
standardised in the early 1990s. Significant
advances in compression performance
have been made in the industry since
then, offering better quality sound at
lower data rates. Such techniques include
(MPEG) Advanced Audio Coding (AAC),
later coupled with spectral band
replication (SBR) and now with
parametric coding.

For TV services, the bitrate required for
sound is small compared with the video.
But for DAB, broadcasters have to make
a balance between the number of
services included in a DAB multiplex and
the audio quality.The fact that the
performance of Layer II coding is
significantly poorer than its newer rivals
might suggest a change, to achieve a
better balance. However, changing from
Layer II to another coding system would
render existing consumer equipment
useless. BBC R&D has therefore started
investigating Layer II again, in the light of
later developments, to find scope for
improvement in coders.This is something
not addressed by industry because their
interest is focused elsewhere.

Our initial investigations showed that
simple attempts to optimise the coding
parameters were unlikely to yield an
improvement.We are now trying a new
approach, using a ‘genetic search’
algorithm to select the most efficient
coding method. Early results have been
encouraging; if we can make it work in
real time, this technique might lead to
improvements that could be
programmed into the software of the
BBC’s existing audio coders.This work
may also pave the way to a new
generation of audio coding with the
potential to free the BBC from paying for
coding its on-line audio services.

Cascaded audio coding 
The Layer II coding used for broadcast is
seldom the only data compression that a
signal encounters during production.The
cumulative effect of several processes,
each of which seems innocuous, can be
severe. BBC R&D has participated,
together with other EBU members, in the
analysis of a large selection of different
cascades of compression processes. Of
the thousands of possible combinations
of compression systems in common use,
it is suspected that some are worse than
expected and some better. A process of
automated objective tests and time-
consuming, but ultimately definitive,
subjective tests is nearing completion.
These results, combined with the

substantial database results from earlier
EBU tests on individual compression
systems, will provide valuable advice to all
parts of the BBC production process on
the use and effects of data compression.

Audio level metering 
The results of an extensive study of
loudness meters conducted by the
International Telecommunications Union
(ITU) in 2003, in which BBC R&D
participated, were published at the 116th
Audio Engineering Society convention. A
very basic system, not one of the
commercial submissions, was found to
perform better than anything else.

We have produced a software version of
the meter, usable on a wide variety of
computer systems, including one
connected using AES47 (a standard for
transmission of digital audio over ATM
networks).We hope that this, in
conjunction with the existing software
PPM (peak programme meter), will
provide a tool that could be used to
reduce the variations in sound levels that
often annoy the BBC’s audiences.

VVaalluuee  ttoo  tthhee  BBBBCC

VVaalluuee  ttoo  tthhee  BBBBCC’’ss  aauuddiieenncceess

VVaalluuee  ttoo  tthhee  UUKK

GGlloobbaall  vvaalluuee



APRIL 2004 – MARCH 200532

We expect the launch of high definition television (HDTV)
services in several countries over the next year or so,
supported by the availability of affordable large flat screen
displays.Already Euro1080 is broadcasting this way, while
Premiere in Germany and BSkyB in the UK have announced
broadcasts to start soon.The BBC is producing many
important programmes in high definition formats, and intends
that most programme production will be in a high definition
format by 2010.

High-definition television 

1. HDTV display panels.
A selection of display panels for viewing
HDTV.

2. EBU HD Seminar.
BBC R&D gave one of many presentations on
HDTV to delegates from across Europe, at
the EBU HD Seminar held in Geneva in
December 2004.

Simon Gauntlett views HDTV 
on a Sharp LCD display.

1

2

1280 × 720/P/50 
The standard preferred by many other European broadcasters due to the good
motion portrayal and lack of interline twitter, thought to be of particular benefit
for sports.This standard also codes efficiently for delivery in the crowded
European spectrum.

1920 × 1080/I/25 
This standard is the most popular (in its 30 frame/s form) HDTV format in the
USA and Japan. It has a higher static resolution than 720/P/50, but suffers reduced
vertical resolution for moving images and introduces interline twitter causing a
flashing effect in areas of the picture with fine horizontal edges, unless the picture
is appropriately filtered.

1920 × 1080/P/25 
The preferred standard by many programme makers for drama production because
it most closely resembles film, particularly in its 25 Hz motion characteristics.

1920 × 1080/P/50 
The desired standard for general HDTV production.This standard combines a high
resolution for both static and moving pictures with good motion portrayal without
any interline twitter – but requires a high bitrate.There is very little production
equipment available yet.

Formats
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Formats 
The term ‘HDTV’ embraces several different
formats.These are often distinguished by
the number of horizontal samples, the
number of lines, the scanning type –
progressive (P) or interlaced (I) – and the
frame rate. Our work in the EBU has
contributed to its recommendation that
progressively scanned formats be used
where possible. Interlace was originally
developed to minimise the broadcast
bandwidth; in digital transmission, it adds
complication to the coding process.

It is important to realise that it is not
necessary to use the same standards for
programme production, delivery and
display, but that high quality conversion
between standards is not trivial.

Anyone making decisions now about formats
has an interesting balance of competing

factors to consider. Quality matters. But
there is a chicken and egg issue about the
availability of equipment (both in production
and for the consumer).Also which format
is most appropriate for broadcast delivery? 

We carried out detailed subjective tests on
visual perception of details in television
images that agreed with work carried out
many years ago, based on projected optical
images, that an appropriate figure of visual
acuity is one minute of arc. For an average
household viewing distance of 2.7 m, and
considering only horizontal resolution, stan-
dard definition television runs out of steam
for wide-screen displays above a 27-inch
diagonal.The 1280 × 720 HD transmission
standard is adequate up to about 50-inch
screen diagonal. Beyond that we need 1080
or more lines.The standard that might be
adopted has to reflect the likely size of
screens and the viewing environment (which

may not necessarily be just home viewing).
However, there is still an advantage to using
a 1080-line production format, even for a
720-line delivery system, to avoid loss of
resolution due to concatenation of the
optical filter formed by the lens and sensor in
the camera with the delivery channel filters.

Displays 
Large flat screen or projection displays are
available now; hence there will be a ready
viewer base for HDTV services. Several
types of technology are in use: PDP (Plasma
Display Panel), LCD (Liquid Crystal Display),
DLP (Digital Light Processing), etc. Pictures
can look slightly different on each type of
display. Differences, such as in colour ren-
dition, are not significant for home use but
are important for production where many
displays are used together – currently,
programme makers depend on the
‘Grade1’ CRT (Cathode Ray Tube) monitor.



Delivery 
HD pictures contain more detail than
standard definition pictures and so require
more ‘bandwidth’ from the available
spectrum for delivery.This is a particular
problem in the crowded European
spectrum because it is difficult for broad-
casters to make room for HDTV channels.

We have been working with other
broadcasters and manufacturers to try out
different options for broadcasting HD
signals, giving demonstrations at many
key events.

New video codecs (e.g. H.264 and VC-1)
ease the bandwidth situation by coding
more efficiently.The required bit rate
continues to drop as their development
matures. Early suggestions that we might
have needed 20 Mbit/s for HDTV are now
pessimistic, we should be able to deliver
at between 8 and 12 Mbit/s with the
new codecs.

Conversion between
HDTV formats
There are several HD formats, and
inevitably they will all be used.This means
that we will need standards conversion for
production purposes and for playout – and
there may be standards conversion in the
home for displaying on different
screen technologies.

A critical part of standards conversion is
the filtering that removes alias distortion.
We investigated down-conversion of
progressive images from 1080- to the
720-line standard (and back) using non-
adaptive filters. Best objective results were
obtained when cut frequencies were 2%
higher than the 720-line Nyquist limit and
when the rates of cut were as sharp as
possible.Viewing pictures processed using
such filters, it was hard to perceive the
difference between the down-and-up-
converted pictures and the originals, even
on very high resolution displays.
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High-definition television continued

Satellite 
Satellite is the first HDTV delivery
system for European viewers.
New systems using a typical DVB-S2*
channel have a capacity of 54 Mbits/s
and could potentially deliver up to six
HD programmes in a single transponder.
At IBC 2004 we demonstrated the
world’s first satellite delivery of two
programmes each coded at about 8Mbits/s
using H.264 and VC-1 and transmitted
together using DVB-S2.We used
computers running software video
decoders for reception because suitable
set-top boxes were not yet available.

Cable
Cable systems are also expected to
be amongst the first to offer HDTV
services in the UK.The bandwidth
restriction in cable is less than by
other broadcast means and so cable
companies can use the established
MPEG-2 coding schemes, taking
advantage of the ready availability of
chipsets. High definition versions of
cable companies’ video-on-demand
(VOD) services would be feasible.

Terrestrial 
Terrestrial delivery of HDTV is unlikely
before the analogue TV services are
switched off, which is expected to be
between 2008 and 2012.A typical DTT
channel has a capacity of around
20 Mbit/s; the capacity required for HD
and the constraints of multiplexing with
other programmes mean that a DTT
multiplex may initially only be able to
cope with one or two HD channels.

We demonstrated terrestrial delivery at
Mediacast 2004 using an Australian HD
set-top box receiving MPEG-2 coded
pictures at 17 Mbits/s.

Broadband 
Current broadband connections in the
United Kingdom can be used for non-
real-time download of HD programmes.
However, the new ADSL2+ service provides
a capacity of 10 Mbits/s, or more, to
deliver VOD services to the home. Such
services are already available in France.
The new advanced video codecs make
it practical to stream HD programmes.

Download 
Non-real-time download would offer
an early opportunity for those viewers
who do not have a satellite service.
The concept is to use spare capacity
either on terrestrial television or on
a broadband network overnight to
download to a disk recorder in a set-top
box for later replay.This may be a
stand-alone service or linked to provide
a choice when a standard definition
broadcast of the same material is
scheduled.A flag sent at the time of the
scheduled broadcast would cause the
set-top box to automatically switch to
replay the HD version downloaded earlier.

High Definition DVDs 
High Definition DVD systems are
expected to be launched in Europe in
the next year or so, which will give
viewers an alternative source of high
quality pictures and audio to compare
with broadcast services. However, there
are currently two competing systems –
Blu-Ray and HD-DVD – so take up
could be slowed by a format war.

High definition DVD recorders have
sufficient capacity to record the
interactive services along with the main
HD programme and so broadcasters
need to consider the best way to
organise and manage the interactivity
package related to each programme.

Delivery

* DVB-S2 is the second-generation satellite system, recently approved by DVB.
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Coverage improvements

The BBC has a stated aim of increasing the coverage of its
DAB services.And we are still working to fill in gaps in
coverage of FM radio

Digital Audio Broadcasting
(DAB) coverage expansion 
The total number of DAB transmitters
has now increased to 79. Although
detailed planning of the latest 44 sites
was carried out by Crown Castle, the
expansion reflects our earlier outline
planning and we have been responsible
for checking the detailed proposals and
dealing with international co-ordination.

A further target of 90% coverage is
stated in the BBC’s Building Public Value
document. So far we have identified a
total of 230 sites in outline plans that
we have presented to Ofcom – and
they have submitted this proposal
for international co-ordination.
In collaboration with BBC Strategy &
Distribution and BBC Radio & Music,
we have agreed a subset of sites and
prepared detailed plans for most of these
in anticipation of a further building phase.

DAB coverage expansion has
concentrated on covering the main
population areas and the major road
network. However, two new factors may
affect the criteria defining coverage.
The public perception of digital radio
has been conditioned by the receiver
manufacturers’ production of kitchen
portable and hand-held devices.Therefore
there is an increased expectation that
receivers should work well indoors
although the target for current coverage
is reception in cars.The second factor is
that strong local transmissions may
interfere with reception of national
services in some areas.We have
developed an on-channel repeater that
can improve reception in such areas.

Planning of FM fillers 
Although most BBC local and regional
services are available on DAB, the
majority of listeners still rely on
FM delivery.There remain gaps in FM
coverage which we have been assessing
and for which, where necessary, we have
come up with plans for filler transmitters.
Recent plans address deficiencies in Radio
Devon around Plymouth, Radio Hereford
and Worcester around Redditch, and
Three Counties Radio in a belt to the
north of London, covering Aylesbury,
Hemel Hempstead and Hertford.

In Scotland we have investigated the
possibility of filling the gaps along the A9
trunk road in the Cairngorms between
Perth and Inverness, and along the A82
through Glen Coe, between Crianlarich
and Ballachulish.Transmitters planned to
fill these gaps support six channels (four
UK networks, BBC Radio Scotland, and
Radio nan Gaidheal). Although the
population of permanent residents is
small, the main aim is to achieve
contiguous coverage for motorists.

Following our site survey last year, four
sites were identified along the A9 and we
have prepared detailed plans for two of
these. It is a difficult task to find six
appropriate frequencies for each of these
sites in the already congested FM band.
However, the task is assisted by the
mountainous terrain which tends to
shield co-channel transmissions.
A requirement of the planning is to
provide programme feeds by rebroadcast
link in order to avoid the signal delays
that would result if we adopted a
satellite source.

VVaalluuee  ttoo  tthhee  BBBBCC

VVaalluuee  ttoo  tthhee  BBBBCC’’ss  aauuddiieenncceess

VVaalluuee  ttoo  tthhee  UUKK

GGlloobbaall  vvaalluuee

1. Adam Wiewiorka and Peter Moss
with an ‘on-channel repeater’ to
reduce DAB interference caused
by local transmissions.

2. Strong local transmissions in
adjacent channels interfere with
the weaker national service
(arrowed).

3. The on-channel repeater boosts
the national service.

2

3

1



We have invented a new video
compression algorithm called Dirac.
It is comparable in performance to
leading compression systems such as
the latest addition to MPEG-4 known
as H264 or AVC.

We released the Dirac software in
spring 2004.The software was
released ‘open source’ so that it could
be developed collaboratively, in a similar
way to the well-known Linux operating
system: anyone can contribute to the
development. Ultimately this may lead
to an open standard, of benefit both
to the BBC and the wider community.
In this way we can both involve and
return value to our licence payers.

Dirac promises many benefits due to
its openness and freedom from fees.
Broadcasters have to pay licence fees
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The distribution, delivery and storage of video are core activities
in the BBC’s operations. In the digital world, compression is
used to exploit limited storage and transmission capacity as
efficiently as possible. It is vital that the BBC understands
state-of-the-art compression technology and that the BBC
can use such technology at reasonable cost and without
restrictions.To achieve these goals, we are developing our
own open source video compression technology, called Dirac.

Dirac

1. Wavelet transformation.
The wavelet transform applied to a picture
represents it as a succession of low-
resolution approximations, with ‘error
signals’ to allow the original to be perfectly
reconstructed.

2. Intra coded picture.
A picture intra coded using Dirac at
a) 1.5 bits per pixel 
b) 1 bit per pixel 
c) 0.5 bits per pixel

showing how quality degrades gracefully
with increasing compression.

3. Motion vector diagnostics.
Motion vectors can be visualised in a
variety of ways using the diagnostics. For
example, direction can be shown
a) with arrows, and
b) with magnitude represented as a

colour overlay.

4. Macroblock splitting diagnostics.
On-screen diagnostic display of
Macroblock splitting modes for motion
vector coding.

The Dirac team

left to right:

Tim Borer,
Anuradha Suraparaju,
Thomas Davies and
Stuart Cunningham.
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to use today’s proprietary compression
systems, and these fees weigh
particularly heavily on the BBC because
of the number of video services it
provides and the size of its audience.
Fee structures for licensing compression
technology are typically set with
subscription business models in view.
The BBC’s business does not fit those
models, and the costs are often
disproportionately high.

Dirac will support the development
of ‘Digital Britain’. At present, licensing
agreements between equipment
manufacturers and compression
providers can restrict consumers’
choice. Dirac will be available licence
free on all platforms, so viewers will
be free to use the platform and
equipment of their choice. Freedom
from licence fees will reduce the cost

of consumer equipment such as
personal video recorders and wireless
home networks, which all require
compression technology. This could
stimulate the take up of such technology
and thereby allow the BBC to provide
better services, such as video on
demand, whilst also reducing our
own costs.

Efficient video compression will
improve the quality of video streamed
over the Internet and support new
services such as video on demand.
It may also support the introduction
of new services such as HDTV
broadcasting and closed signing.

Dirac has been very well received
since it was launched. Since the spring
it has been demonstrated at
conferences, resulting in good press

coverage. We have had considerable
interest, ranging from universities
and large international companies
to individuals. During the course of
2004 the quality of the video and
the performance of the compression
have improved.The version of Dirac
released in December produces better
quality video, at lower bit rates, more
quickly than our initial release in the
spring.This is due in no small part to
the contributions from our open
source collaborators.

Dirac is still in the development
phase but is maturing quickly. If it
lives up to its promise it will yield a
technology of considerable value to
the BBC and the wider community.
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VALUE TO THE UK

Some of our work has wider implications for the whole of the UK. Building Public Value
commits the BBC to leading the transition to a fully digital Britain.To achieve this aim,
R&D works in partnership with the government, Ofcom, and the rest of the broadcasting
industry.We also help to present the UK’s case internationally in the co-ordination and
protection of applications of the radio spectrum.And we try to connect directly with the
BBC’s local audience and with the wider technical community.
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Frequency planning 
The Government and the broadcasters
have converged on a target of around
2012 to switch off the last analogue
station.The frequency planners find this
an ambitious timescale, to say the least! 

Of the numerous questions still needing
to be answered, two key issues emerge:
the exact transmission characteristics of
the stations in the final plan (frequency
channels, transmitter powers and antenna
radiation patterns), and the strategy of
how to make the transition from the
existing digital and analogue networks to
the all-digital network.

The frequency plan itself has been devel-
oped by a group, consisting of planners
from the BBC, Crown Castle and NTL,
working in the Government’s Digital Action
Plan.Within this group we produced an
initial plan early in 2004 which, over the
year, was taken through a further two stages
of coverage optimisation. A continuing
challenge is to ensure that reception of
digital television is protected against
potential interference from neighbouring
countries – a task complicated by the
fluidity of their plans.

Another group in which we are involved
is working to define the process of
transition, ensuring a timescale acceptable
to all.The consumer industries must make
sure that domestic products are available
at the right place at the right time.The
marketeers must be able to correctly
target their message and provide public
information.The transmission providers
will need to make complex changes to the

transmission infrastructure with minimal
disruption to the existing analogue and
DTT networks. Based on ITV regions
(areas of convenient size that can be
individually targeted), a regional rollout
plan is emerging and its development will
be a vital task for us in the coming years.

Multiplex management 
Various proposals for alternative DTT
multiplex allocations have been suggested,
aimed at facilitating digital switchover. Some
of these would constrain the BBC’s free-
dom to set appropriate bit rates for its
services and could affect the quality of
received pictures. R&D has studied in depth
the implications of each of these scenarios
on BBC services using channel models
based on representative material and avail-
able bit rates.We aim to ensure that the
BBC’s audiences would continue to receive
a predictable and reasonable quality of
service given our existing channel propositions.

To ensure a smooth transition, the signalling
of service information in each multiplex
needs to be correct and receivers must
cope seamlessly with the proposed changes
to the network.We have worked with
the wider industry to propose solutions
to the signalling issues of digital
switchover.These will hopefully be
incorporated in consumer products
reasonably soon to minimise the legacy
receiver issues.

DTG and the D-Book
In the areas of transmission and reception
we work closely with several industry
groups under the umbrella of the Digital
Television Group (DTG) – the industry
association for digital television in the UK.

BBC R&D has led the revisions of the trans-
mission and reception chapters of the DTG’s
D-Book – the standard reference document
on the implementation of digital television.
The revised D-Book 4 was published for
IBC 2004.The radio frequency test proce-
dures, originally jointly written by BBC R&D
and Sony, now include new impulsive inter-
ference tests that we have pioneered.We
have also made contributions to the DTG
R-Book 5 – a publication which is used
for both reference and training within the
television system installation industry.
The publication of such documents, which
include target performance parameters,
has made a considerable impact in
ensuring that DTT receivers generally
now operate to a very high standard.

Services ancillary to broadcasting
For many years the television broadcasting
bands have accommodated low-power
transmitting devices used in programme
making.These include radio microphones
and studio talkback systems used in most
of the BBC’s television studios and at
outside broadcast locations. Such ‘services
ancillary to broadcasting’ (SAB), are normally
interleaved between the analogue channels
used for broadcasting at a given location.
When television switchover takes place
there will be fewer channels available for
SAB and we have therefore carried out an
assessment of the potential for such oper-
ations after television switchover. Given
that there is little likelihood of alternative
bands being made available it is encour-
aging to discover that the potential should
not be significantly reduced – but this is
subject to the precise form of the final
digital plan.
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Planning for television
digital switchover

The BBC has offered to play a leadership role in digital television switchover. R&D’s work over
the last decade has made a huge and undeniable technical contribution to the roaring success
that is now Freeview. Our work has covered all aspects of the technology from production,
through coding and multiplexing, to distribution, spectrum planning and finally transmission and
reception.We are now addressing those issues that need to be understood for the major new
project for the coming years – digital switchover.
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The choice of area in which this trial
was to be conducted was critical
because of the need for the service area
to be well delineated and the majority
of the community served by only the
one transmitting station. From nearly a
thousand initial possibilities we derived
a short list of fifteen from which we
recommended the low power relay at
Ferryside, which serves the villages of
Llansteffan and Ferryside on the Towy
estuary in Carmarthenshire. At a public
consultation in mid 2004 there was
overwhelming support from the local
community and in November 2004
Ferryside started simulcasting digital and
analogue transmissions.The simulcast
period was followed by a further public
consultation and then, on 30 March, the
analogue transmissions were switched
off to create the UK’s first digital-only
television community.

Over the last year Ferryside has felt like
a second home to some members of
Spectrum Planning Group; we have
been involved at every stage, starting
from the site visits leading to our
proposal to use Ferryside, provide
assistance to the public consultations,
and switching on the digital transmitter
and switching off the analogue services.

It’s all very well producing paper plans for the switchover
to all-digital television, but the only way to gain a real
insight into consumer communications and the process
of converting domestic reception equipment is to try it
out for real.That is exactly what the technical trial aims to
do in a Government venture with BBC support.The trial
involves converting an analogue transmitting station serving a
small community to all-digital operation – broadly similar to
the way it will be done when UK switchover happens.

The DTT technical trial
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1. BBC R&D survey vehicle.
The digital feed we provided for the public
consultation being assessed in the
village square, Ferryside.

2. Installing the digital feed.
Clive Penfold installs another digital feed on
top of the church tower in Llansteffan.

3. BBC One Wales – transmission of
this service ends.

Screen shot showing a rare caption
announcing the close down of the
analogue services.

4. Lllansteffan Square.
The mobile drop-in centre next to the church
tower in Llansteffan.
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Transmission mode 
Since the launch of Freeview, the UK’s
digital television network has used two
different transmission modes; the BBC
and Crown Castle multiplexes use
16QAM whilst the SDN and Digital 3&4
multiplexes use 64QAM.The pros and
cons for the two systems have been
the subject of many intense debates.
The well-practised arguments in favour
of either enhanced coverage or additional
capacity are further fuelled by the
Government’s requirement that digital
coverage substantially replicates analogue
coverage; 64QAM requires higher
transmitter powers to achieve this
condition than does 16QAM. In order
to provide strategic advice to the BBC,
our Spectrum Planning Group has
investigated the detailed coverage of
several network scenarios by evaluating
the degrees of protection afforded
against interference by a range of
transmitter powers.

The UK Planning Model, a coverage
prediction method specified by the
planners and jointly developed by the
BBC and others, was used extensively
for these coverage reviews of digital
networks comprising over a thousand
stations – a far cry from last year when
coverage calculations of just an eighty
station network were considered to be
cutting edge.

Verifying the
prediction model 
Nowadays the communications and
broadcasting industries rely extensively on
computer predictions of radio wave
propagation; but no matter how clever
the computing techniques become,
there is always a need to validate the
answers they give against measurements.
At R&D we know this only too well and
we have carried out and recorded
measurements over many years. Recent
advances in computing mean that we
can now sample signals every fraction of
a second at many different frequencies
and remotely download the results
for analysis.

The measurement work has paid
dividends this year in two separate areas.
The first concerns the analysis of how
to provide the programme feeds which
are fundamental to our proposed digital
terrestrial television network. For the
analogue network this is done by relay
stations re-broadcasting the signals
received from parent stations. It has
been assumed that the digital television
network would work in a similar way
whilst recognising the need to protect
the network from interference for a
higher percentage of the time.The analysis
of our high-resolution measurements
enabled us, in collaboration with the UK
planning organisations, to develop the
new algorithms to fulfil this need.The
second came in persuading the ITU to
adopt a prediction model more suitable
for UK propagation conditions.This new
model will now be used in the frequency
planning for the forthcoming ITU Regional
Radiocommunication Conference.

Reception issues at the
edge of the service area 
The Digital Television Group (DTG)
approached R&D for advice on how best
to specify a DTT receiver that performs
better than average near the limits of the
coverage area – a so-called ‘fringe-area
receiver specification’.We chaired a DTG
RF sub-group meeting where we
presented Gaussian noise models for
both digital and analogue reception
performance at the edge of the service
area and summarised the improvements
in DTT receiver performance since the
start of service.

One aim is to find out what is the main
cause of failure at the edge of the service
area; is it, for instance, lack of sensitivity,
analogue interference, impulse or other
man-made interference? Once that has
been determined, appropriate
recommendations can be drawn up.

In principle an improvement at the edge
of the service area should be achieved
by improving a receiver’s noise figure.
However there is concern that this
improvement may be masked by the
presence of man-made noise.We have
contributed to research in this area, but
more work is still required to understand
the full extent of this issue.
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Planning for switchover often raises issues that require technical work to resolve them.

Issues for television
digital switchover
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Portable and
set-top reception 
DTG is drafting a Technical Memorandum
‘Principles of Set-top DTT Reception’
which is a study for the Department of
Trade and Industry.This is collating work
that has been presented at DTG
meetings and other industry sources.
BBC R&D has been a major contributor
to these groups and as such we are
invited to comment on the draft.

A BBC R&D white paper (WHP066)
published ideas on how to specify active
antennas and calculate system perform-
ance.These ideas were subsequently
adopted by the DTG antenna-
benchmarking group who hope to start
conformance testing of active antennas.

Diversity reception, which is a technique
that BBC R&D has pioneered for radio
cameras, could offer significant benefits to
indoor portable reception of DTT and
we have demonstrated the potential
improvement. However, manufacturers
show little interest in developing a
diversity set-top-box for the domestic
market because they believe they would
have difficulty in selling a slightly higher
cost product.

MATV launch
amplifier testing 
We are contributing to a project within
the DTG’s reception group to
understand the issues for switchover for
master antenna television (MATV)
systems.This involves laboratory
measurements to determine the effects
on MATV amplifiers of adding new DTT
signals to an existing group of analogue
signals, and to determine the number of
DTT signals that could be handled after
switchover. Our initial measurements
indicate that MATV systems that are
properly specified for current analogue
signals should not give problems up to or
after switchover.

Impulsive interference
into DTT 
BBC R&D led a DTG working group that
defined a representative set of tests to
enable chip manufacturers to develop
improved countermeasures against
impulsive interference – which is
important for improving the coverage to
and robustness of DTT set-top boxes.
These test waveforms have now been
adopted by industry across Europe, and
we developed a test generator to do the
tests. A small number of these generators
have been sold (on a cost recovered
basis) to our R&D partners within the
DTG, and abroad.We have now been
approached by a leading test equipment
manufacturer who would like to license
the technology.

Wireless home networks 
BBC R&D is looking at wireless networks
not only for production purposes, but
also as a means for the domestic
distribution of television signals.We made
a significant contribution to the work of a
DTG project in this area investigating the
idea of a digital video sender – a means
to re-transmit digital television signals
around a house using licence-exempt
microwave bands.We provided both
expertise and a prototype diversity
receiver which proved that diversity was
essential for such an application.The
digital video sender idea is not currently
being pursued commercially, as it is
believed this technique has effectively
been overtaken by computer-based
wireless networking technology. However,
we have gained valuable experience from
the work.3
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1. 2. Impulsive noise test
generator.

3. UK planning tool – Spaghetti.
Our Spaghetti tool has been used
extensively for the coverage reviews of
digital networks.



Members of R&D Spectrum Planning
Group were actively involved in preparing
the conference.Then at the first session
we took on a number of leading roles
where the outcome was particularly
important in achieving an acceptable
result for the UK.These included chairing
the working party dealing with planning
principles, methods and tools;
membership of the conference editorial
committee; and co-ordination for
propagation issues in Europe.
Furthermore, our expertise was in
demand during the conference to give
advice and presentations to the African
Commonwealth countries – which
provided a valuable opportunity to
promote the value of digital broadcasting
on a broader basis.

In 2006 the second part of the Regional
Radiocommunication Conference
(RRC-06) should agree a frequency plan
for digital terrestrial television (DTT) and
digital audio broadcasting (DAB) in
Europe.The plan for UK switchover
cannot be finalised until then. By then,
the requirements for higher power
transmissions to be included in the plan
should be fully co-ordinated, to be put
on air without further international

negotiation. In the meantime there is
much international co-ordination work to
be done in the preparation of UK input
requirements for both DTT and DAB.
However, not all issues will be resolved
at this second session; negotiations
to agree the many low power stations in
the UK’s digital plan with neighbouring
countries will continue under the new
regulatory framework that the
conference will establish.

Most of the European preparations for
RRC-06 are carried out through the
European Broadcasting Union (EBU)
and the European Conference of Postal
and Telecommunications Administrations
(CEPT).We are working in both of these
organisations to maintain the drive
towards television switchover and
specifically leading the CEPT project
team that is working to resolve the
detailed planning issues. Membership
of the specialist international groups
also provides us with the knowledge to
develop our skills and the insight to
understand the planning issues that will
face the UK team at the conference.

The ultimate responsibility for the
co-ordination of the UK’s DTT and
DAB plans lies in the hands of the UK
regulator Ofcom. However, Ofcom’s

stakeholders, including the BBC, carry
out the majority of the technical work.
This means that we, in collaboration
with the other UK spectrum planners,
are providing much of the technical
support and expertise needed to achieve
co-ordination with neighbouring countries.

Even before the second session, we
must work towards an agreement within
Europe, primarily with France, Belgium,
the Netherlands and Ireland, in order
to achieve a satisfactory result from the
conference.We have already reached
an understanding with our neighbours
on the approach that should be taken.
This was greatly facilitated by their
acceptance of a specialist software tool
that we developed.

The first round of RRC planning started
in February 2005 and we are involved
in a number of European groups working
towards the preparation of mutually
compatible requirements. Based on the
initial planning results, to be published
during the summer of 2005, we will
have an opportunity to refine the UK
requirements in time for a second
planning exercise beginning in the
autumn of 2005.
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In May 2004 the first session of the ITU Regional Radiocommunication Conference (RRC 04)
took the first step towards all-digital terrestrial broadcasting for radio and television with the
establishment of the technical basis for planning these services in the frequency bands
174-230 MHz and 470-862 MHz for countries in the European and African broadcasting areas
(which include much of the Middle East) and the Islamic Republic of Iran.A second session will
prepare an agreement and associated digital broadcasting plan in 2006.

International co-ordination
of spectrum use

ITU Conference (RRC 04).
Spectrum Planning engineers took a
number of leading roles where the
outcome was particularly important to
achieving an acceptable result for the UK.
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Preparing for digital
radio switchover

A digital switchover for radio is now beginning to be talked about. Ofcom has said that the time
is not yet right to start detailed planning for switchover, but the BBC has suggested that a
review in three years’ time should propose a timescale for digital switchover of radio in the UK.
BBC R&D is therefore looking at the technical problems that need to be solved.

Proposals for additional
Band III spectrum for DAB 
The second session of the ITU Regional
Radiocommunication Conference (RRC)
in 2006 offers an unrepeatable opportunity
for the UK to request additional Band III
spectrum that could be used to expand
coverage and extend DAB services in the
future.The BBC has already stated two
reasons why it needs a share of this spec-
trum in its submission to the government.
First, the BBC’s local and regional service
coverage (which is provided via the
commercial digital multiplexes) falls short
of what is already achieved via FM. Second,
whilst the introduction of extra digital-only
services has increased listener choice, it
has also created a challenge for the BBC
in managing its national multiplex.The grow-
ing popularity of programme-associated
data services also demands more spectrum.

Ofcom has established a working group
specifically to address the UK’s submission
to the RRC. Our participation in this group
has meant that we were able to make the
case for seeking an additional five blocks
of spectrum and to present options for
the use of these blocks.We have prepared
our own proposals to satisfy the BBC
requirements and our perception of
commercial service requirements.We have
collaborated with other BBC departments
to develop a BBC position that would
give the BBC the extra spectrum it needs
for national, regional and local services 

Interference from other
transmissions in DAB 
If the DAB transmissions serving a
particular area are not all broadcast from
the same location with the same power,
then receivers tuned to a more distant or
lower power service can be subject to a

zone of interference around those trans-
mitters not delivering that service.This effect
arises because the strong local transmissions
can overwhelm the front end of a DAB
receiver so that it cannot reject them as
ideally it should.The effect can be
particularly severe when the unwanted
local transmission is on an adjacent
channel to the wanted signal. From the
early days of national network roll-out,
commercial local services – planned for
adjacent channels – were facilitated by
the BBC’s acceptance of some disruption
to coverage near to future local sites.

To help the development of digital radio,
we have carried out – in collaboration
with Ofcom and the transmission providers
– survey trials examining the impact of not
co-locating all the transmitters serving a
particular area.We found that interference
can also be caused to the channels other
than the adjacent ones.To allow for this
in our planning we have carried out
receiver measurements and consequently
new protection ratios have been agreed
for the first, second, and third adjacent
channels – and beyond.

We have been working with Ofcom to
develop fresh guidelines to deal with this
challenge.We are also contributing to a
review of the prediction techniques for
assessing the effects of interference.

As mentioned above, adjacent channel
interference can be mitigated by co-siting
a filler transmitter for the distant service.
Such a filler can be made much more
cheaply if it picks up and amplifies the
distant signal – an ‘on-channel repeater’ –
rather than being separately line-fed.
However, on-channel repeaters pose very
difficult technical problems: they must be

selective enough to reject the high-power
adjacent-channel signal, and there is a risk
of instability leading to oscillation like the
familiar ‘howl-round’ when a microphone
picks up the sound from a loudspeaker
that it is feeding.

We have overcome these difficulties and
successfully demonstrated a prototype
low-power on-channel repeater that can
be used to boost the strength locally of
BBC DAB signals.This prototype is to be
trialled in the spring of 2005.

Propagation research for DAB
As a result of an international planning
meeting held at Maastricht in 2003,
spectrum allotments in the 1.5 GHz band
(also known as L-band) were agreed
across Europe.There is a possibility that
Ofcom could make the UK’s allocation
available for DAB from 2007.

Although the 1.5 GHz band has been used
successfully in other parts of the world,
there is little experience of how it might
be used efficiently in the UK.We have
carried out our own survey using the
experimental commercial DAB transmission
from Croydon.We have made measure-
ments using fixed receivers with the antenna
at a height of 10 metres and mobile
receivers with the antenna at 1.5 metres.
The results tend to confirm our computer
predictions, in terms both of field strength
and location variation within a small area.

We are now investigating indoor reception
and our initial results indicate a greater
building loss than expected.This means that
in order to achieve satisfactory indoor digital
radio coverage at 1.5GHz a denser trans-
mitter network would be required than
might have been envisaged.
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Interference from other broadcast
signals and the effects of new buildings –
including windfarms – are looked after
by the process of spectrum planning,
and are largely under the control of the
broadcasting community.The regulation
of unwanted emissions from electrical
appliances and telecommunications
networks, on the other hand, is a
battleground between those who
view standards as a licence to pollute
the spectrum and registered users of
spectrum – such as broadcasters –
whose businesses depend on
minimising interference.

Effects of new
buildings on analogue
television reception 
With all eyes on the process of switching
off analogue television, one might be
forgiven for thinking that Spectrum
Planning Group has little involvement in
the maintenance of the analogue network.
If only this were so! In fact, a considerable
amount of time is spent protecting
analogue coverage from the effects of
new structures, buildings and wind farms.
The Government’s green energy
initiative has seen a rapid rise in the
number of potential wind farm
developers – from large consortia to
farmers with a corner of a field to spare.
Last year the number of enquiries rose
from a few tens to hundreds a month.

Historically the BBC and the
ITC (whose responsibility has now
transferred to Ofcom) responded to
these – each looking after about half
of the country, processing each enquiry
manually. Not surprisingly, this was
becoming an unreasonable overhead
for both organisations.

This year we have worked to
revolutionise the process by developing
a web-based query engine. Developers
will directly input the co-ordinates of
areas in which they may wish to site
turbines and will be presented with the
numbers of television viewers they
could disrupt.

Throughout the year we have undertaken
studies and site visits to investigate
interference from developments such as
Wembley Stadium, the Paddington Basin
and Docklands to name but a few.
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Broadcasting makes obvious use of radio-frequency
spectrum: services are delivered ‘over the air’ to the
receivers used by our listeners and viewers, while
broadcasters also use radio-frequency links for wireless
production tools.

All this is only possible if sources of radio-frequency
interference are kept under control. Sadly, we now face
more interference threats while regulatory bodies are less
inclined to act against interference unless spectrum users
can show that their interests are damaged.

Protection of broadcasters’
use of spectrum

2

1. DAB reception.
A BBC R&D engineer monitoring
DAB reception.

2. Measuring emissions.
Making measurements outside a house in
Crieff of the emissions from a power-line
transmission (PLT) system.

1
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Unwanted emissions 
The short wave spectrum, currently used
for international broadcasting by BBC World
Service, is vulnerable to interference from
power line communications, variously
known as PLC/PLT/BPL, a technique for
sending data over mains wiring.
Interference to the short-wave spectrum
is a serious threat to the rollout of the
new digital broadcasting standard for this
band, Digital Radio Mondiale.

We have tried to tackle this on two fronts:
experimental activities, so that wecan clearly
present examples of real interference
scenarios that damage the BBC’s interests
or those of our audiences, and participation
in committees, standardisation bodies and
plain direct lobbying of key figures.

In June 2004 we re-visited Crieff, where
a newer-generation PLC system was

recently installed. In this case it was used
to connect homes to the internet. Having
established in a previous visit in 2002
that the systems then in use caused
unacceptable interference to reception of
short-wave broadcasting, we wished to
make a fair comparison. Sadly the supplier
of the new PLC equipment prevented us
from making any measurements in people’s
homes, so fair comparison was
impossible.This also prevented us from
deploying new test equipment we had
developed with the intention of
understanding the interference process
more closely. From our outdoor
measurements we concluded that there
was probably little improvement, if any,
compared with 2002 and real interference
to broadcast reception remained.

We also studied a system marketed for
indoor networking.This too causes

problems for indoor reception of
short-wave broadcasts, despite bearing
a ‘CE’ marking under the EMC Directive.

We participated in meetings of the
British Standards Institute (BSI) and EBU
related to this topic and took part
in lobbying, both in relation to the
wording of a revised EMC Directive
and to try to influence an unfavourable
stance of the UK delegation in a key
EC committee, with some small success
with the former.

Other threats remain which may in
time affect other frequency bands (Band II,
used for VHF/FM; Band III, used for DAB;
and UHF, used for analogue and digital
TV). Present official limits on interference
emissions are inadequate to protect
these frequency ranges, as well as short
wave.We continue to lobby!



Audience use of interactive services can
be recorded for satellite services using
recording software in set-top boxes and
for cable services by registering ‘hits’ on
the cable networks’ interactive content
servers. Of course, facilities that enable
personal viewing habits to be monitored
are installed only for households that have
given their informed consent.

Neither of these methods is practical for
DTT.The monitoring has to be done in
the receiver, because that is where
interactive content is selected, but it is
unlikely that all the DTT receivers now
available would have memory space or
processor power for the extra software.
Many do not have a modem to provide
a return path for reporting results.
Swapping out viewers’ equipment for
a selected or modified device would
inevitably distort viewing habits – the new
device would almost certainly differ in
how easy it was to use or how quickly it
responded to the remote control.

We have investigated a method based on
inserting a ‘digital index’ on each
interactive page, created by the MHEG
rendering engine in the digital receiver.
This would be detected on the Scart
connection between the set-top box and
the television, so the method could also
be used for satellite and cable services.
For integrated digital television receivers,
the Scart connection provided for a video
recorder could be tapped. Although the
digital index is visible on screen in some
situations, the intrusion can be minimised,
and we believe it would be acceptable
both to our audiences and editorially.

We have demonstrated this work to our
colleagues in BBC Interactive and BBC
Audience Research, and to BARB (the
Broadcasters’ Audience Research Board,
charged with providing estimates of the
number of people watching television,
and jointly owned by the BBC, ITV,
Channel 4, five, BSkyB and the Institute
of Practitioners in Advertising). BARB are
costing an implementation of our idea,
to be able to offer this service to the BBC
and other organisations.
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The BBC needs to know how often digital television viewers
use its interactive services.This is already possible for digital
satellite and cable services; R&D has now invented a method
that is applicable to all digital platforms.

Audience measurement
for interactive services
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BBC R&D
in the community

Building Public Value identifies Cultural and creative value, Educational value, and Social and community
value as contributing to the public value of the BBC.Although they are obviously not part of
R&D’s prime purpose, R&D makes contributions to these forms of public value through its open days,
its training schemes, and through the involvement of individual staff in a local mentoring scheme.

Open days 
Every other year we hold open days over
three days in the spring.We invite our
BBC colleagues and our many contacts in
industry and academia around the world
to see a wide programme of up-to-the-
minute technical demonstrations and to
discuss with us in detail the progress of
our work.These open days are always
popular with our outside contacts and
we have to turn down many applications
because of the limited capacity of the site.

The last open days were in May 2003
when we welcomed over 800 visitors,
many from abroad. ‘World firsts’
demonstrated then included a
TV-Anytime service and synchronised
transmissions of Digital Radio Mondiale.

For the last two years we have also
participated in the Civic Trust’s Heritage
Open Days weekend in September.This
event opens to the general public
buildings of architectural, historical or
cultural interest that are normally not
accessible.We opened the reception
rooms of the old house that forms part
of our buildings, with exhibitions on the
work of BBC R&D – demonstrating new
services that we are pioneering – and on
the house and its history.

For the 2004 event, children had the
opportunity of participating in a BAMZOOKi
game in our studio and buying a video-
tape of their experience. And BBC
Southern Counties Radio presented their
Charity Challenge from Kingswood,
broadcasting interviews with our visitors.
We had more than 1400 visitors over the
weekend, about three quarters of them
from the local area. Although the national
publicity gave the event a ‘heritage’ slant,
our visitors were keen to find out about
the BBC and our work – and the children
thought BAMZOOKi was ‘really cool’.

Training opportunities 
BBC R&D offers training opportunities
at all levels.We take a number of school
students for one or two weeks’ work
experience, we offer one year ‘gap year’
placements for students between school
and university, and vacation placements
for those at university.We are also able
to take a few Industrial trainees –
students who are looking for a longer
placement in industry as required by
some university courses.

At all levels we expect trainees to
complete a useful job appropriate to
their experience: for instance a work
experience trainee might help an

engineer to make some laboratory
measurements and process the results in
a spreadsheet; an industrial trainee
designed a diversity front end for a digital
radio receiver.We thus ensure that there
is value to the BBC as well as social value
in the training opportunities we offer.

Mentoring 
In summer 2003, BBC R&D identified
partnerships with local schools as an
effective way of connecting with
audiences.We have arranged this through
Croydon Education Business Partnership,
who co-ordinate a mentoring scheme
with local schools.

Twelve volunteer mentors from BBC
R&D were paired with students at
Coulsdon College for the 2003/04
academic year. Activities included regular
discussions at the college and an informal
tour of the R&D department. Over the
year, R&D staff helped students to raise
their career aspirations and develop key
employment skills.

The scheme has been extremely
successful and continues into the 2004/05
academic year, with a new focus on
working with students having a particular
interest in science and mathematics.
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1. Heritage Open Days.
Presenter Charlie Crocker, from BBC
Southern Counties Radio, interviewing one
of the visitors at the Heritage Open Days
for the radio show Charity Challenge.

2. BBC R&D Open Days.
Richard Salmon giving a presentation on
‘an introduction to high definition cinema’
during the BBC R&D Open Days 2003.
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GLOBAL VALUE

Building Public Value notes that the BBC should support the UK in its global role over the
coming years. R&D helps to do this by contributing to – and in some cases leading –
worldwide bodies that produce global standards for broadcasting technology.An important
example is the development of new digital standards that will allow BBC World Service to
get its message across more clearly. Our work is supported by a range of publications,
online and so available throughout the world.
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Its recent work has been in three
main areas;

a) the definition of the MXF file format,
b) the definition of Codes of Practice

for the live streaming of high-quality
video over wide-area networks, and

c) defining a method for exchanging
large media files securely over
IP networks.

MXF is an open file format for
encapsulating the programme audio,
video, and data components (including
subtitles, audio description etc.) together
with descriptive metadata.This metadata
can include, for example, scripts,
information about actors, scenes and
genres.The electronic storage of
metadata as an integral part of the
production process is seen as essential
to reducing production costs.

MXF was successfully launched this year
after four years of development within
Pro-MPEG (in association with the AAF
Association) and MXF has been adopted
as a standard file format by most
manufacturers. SMPTE has standardised
the MXF specification and has now taken

responsibility for the on-going
maintenance of the standard. Pro-MPEG
was recently given a prestigious award
by the Royal Television Society for the
important work it has done in
defining MXF.

The Wide Area Networks group within
Pro-MPEG has successfully completed
three Codes of Practice helping to
achieve interoperability of professional
equipment for streaming live video over
wide-area networks.These Codes of
Practice have wide industry support and
this work is now being taken up and
extended by the Video Services Forum.

There is a clear need for a standardised
way of dispatching large media files
between organisations in a secure
manner over public networks. Pro-MPEG
has recently developed a non-proprietary
method based on the exchange of a
‘manifest’ document and this method
seems to have wide support from many
companies. BBC R&D has contributed
some open-source software to help build
interoperability around the exchange of
these manifest documents.
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Nick Wells from BBC R&D has chaired the Pro-MPEG
Forum since its inception in 1998.The main goal of
Pro-MPEG has been to help achieve interoperability
of equipment from different manufacturers in the
professional production environment.

Pro-MPEG

Nick Wells with the RTS Award.
Our leading role in the Pro-MPEG Forum
was recognised by the Royal Television
Society, who awarded it the Judges’ Award
at their annual Schoenberg Lecture in
November 2004.
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TV-Anytime

The BBC is committed to producing excellent content. In the future it must also be committed
to providing information for users to find our content and navigate both between our content
and within our content.

Discovering content 
In Building Public Value the BBC has set
forth a vision of an on-demand world.
It is this on-demand world with ease of
access to content anytime, anywhere,
and from a variety of sources that users
are coming to expect.This vision requires
that descriptive data be made available
so that users can find the BBC’s content
on all platforms. In a global consumer
product market the best way a
broadcaster such as the BBC can
support and supply data to the multitude
of digital receivers is through openly
agreed specifications and standards.

Personal Video Recorders are the
first wave of content on demand for
everyone. Simple menu-driven recording
and larger disk sizes are showing the way
forward for instant access to what you
want.With the increased availability of
high bandwidth broadband connections,
users are also obtaining their content
via the internet. As the broadcast and
internet worlds become further
entwined, it is important that the BBC
is able to support both worlds fully
and equally.

To this end we have been working on the
standards for describing our content and
exploring new methods of finding our
content.We have put users at the heart
of this work – as they will benefit from
being able to discover, capture and enjoy
relevant content more easily than before.

We have also been exploring new forms
of content that are enabled in an
on-demand world and using new
methods of delivery.

TV-Anytime 
The TV-Anytime Forum is an association
of organisations that seeks to develop
open specifications to enable audio-visual
services based on mass-storage in
consumer platforms. Personal video
recorders with improved functionality
will probably be the first application of
TV-Anytime technology; future
applications will include controlled peer-
to-peer sharing of audiovisual content
and integration of content with internet
search engines.

The impetus to found the TV-Anytime
Forum came from BBC R&D; with
colleagues from other parts of the BBC
we have taken a leading role in its work –
indeed for most of its life we have been
the only active member representing
public service broadcasting. Recently
the Forum has revised its Phase One
specifications, which support enhanced
PVRs.The Phase One specifications have
received a number of improvements,
many based on real world use and the
demonstrations we have performed with
other TV-Anytime member companies.

The Phase Two specifications, which
TV-Anytime is now working on, will allow
support for ‘content packaging’ – the

ability to describe a set of content
objects that comprise a media
experience for a user.These objects
(programmes, clips, stills, etc) can then
be combined to suit the user and the
device being used – mobile phone,
TV, computer. Audiences will be able
to use BBC material in new ways,
limited only by the imagination of the
individual user.

In September 2004 the European
standards organisation ETSI published a
specification to describe how TV-Anytime
information can be conveyed in a DVB
broadcast network such as those used
for all digital TV platforms in Europe.
We have worked on the standards in
ETSI as well as in TV-Anytime; our work
is now directed at features to achieve
frame-accurate recording and the ability
to dive into a segment of a recorded
programme, rather like DVD chapters.

DVB has also specified how these
services should be exploited by its
interactive TV platform, the DVB
Multimedia Home Platform (MHP).
BBC R&D has contributed ideas to this
work which were developed in the
EC-funded collaborative myTV and
Share it! projects.These projects have
led on to an experimental
implementation of a TV-Anytime-defined
web service.We will be developing
these ideas further in the delivery of
TV-Anytime services over the internet.
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The BBC is a founder member of the DRM Consortium –
a grouping of broadcasters, operators, manufacturers and
research institutes set up in 1998 to develop and bring to
market a digital radio standard for the frequency bands
below 30 MHz.Why? Because these bands (long, medium
and short wave) offer unique benefits of long-distance
propagation – especially beneficial for international
broadcasters such as BBC World Service who need to
serve countries in which they are unable to operate
transmitters. Currently these frequency bands use analogue
AM (amplitude modulation) and offer audio quality that
does not meet modern expectations.The digital replacement
that DRM, with our active participation, has developed and
standardised offers improved quality and a better listener
experience that we hope will help BBC World Service
retain its audience.

DRM™ – Digital Radio Mondiale 

We have demonstrated an ‘on demand’
news service transmitted in addition to
the main programme.
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Our work on DRM started with the
study of fundamentals, which informed
our contributions to setting the basic
standards.We now focus on ensuring that
DRM will be successfully introduced from
ensuring that both broadcast
infrastructure and affordable receivers are
in place, to making DRM attractive to the
listener with new features.

MF propagation 
Following the commissioning last year of
the Orford Ness DRM pilot transmission
on 1296 kHz, we have monitored
reception of this transmission at Lopik,
near Utrecht in the Netherlands.The
monitoring is providing valuable
information about the long-term effects
of propagation in the MF band. Audio
reception is consistently unimpaired
despite the presence of a known co-
channel interfering transmission from

Valencia.We have also made independent
measurements of this interfering
transmission. A measuring vehicle has
been equipped and we expect to use this
to establish the extent of the Orford
Ness coverage across Europe.

We are also studying issues that can
affect or benefit reception.We conducted
experiments in homes of staff that
enabled us to relate indoor signal
strength to that outdoors while also
quantifying the benefits of using
polarisation diversity.

DRM Receivers 
We are working with a number of
leading receiver manufacturers to bring
receivers to the market towards the end
of 2005, when real services are expected
to start in Europe. By working closely
with manufacturers we can ensure that

the first receivers comply with the ETSI
specification and meet the minimum
requirements defined by the Receiver
working group. Our software code and
detailed know-how are available to
manufacturers – and three have already
taken out licences.

Working in the
DRM consortium 
We participate in the various working
groups of the DRM consortium, to make
sure that the decisions are taken in the
interests of the BBC and its listeners
around the world.We feed the results of
our technical research work into these
groups, giving us the authority to
influence the decisions and policy of
DRM. In one recent example, we made a
suggestion for error-protection settings,
based on our laboratory work, that will
be included in DRM’s published



recommendations to broadcasters.We
have also made contributions into the
Receiver working group stressing the
importance of receiving-antenna
performance and giving some guidance
on how this should be quantified.

Data services 
At IBC 2004 we demonstrated two live
new services alongside our normal audio
service in a single 9 kHz medium wave
channel. Our work showed that, even
with the very low bit rates of DRM, it is
possible to send useful content to
enhance the main audio programme.

The first new service was audio-on-
demand.This was a speech-only service
comprising two minutes of news
headlines sent repetitively in non-real
time and stored in the receiver’s memory.
The headlines could be played from the
start of the bulletin at the touch of a
button.

The second service was a broadcast
website, where the top ten news stories
from the BBC World Service website
were sent in a suitably edited form for
display on a PDA (personal digital
assistant) connected to the receiver.

DRM modulators 
We have developed prototype
equipment for installation at a
transmitting station that will take a
multiplex distribution interface (MDI)

stream from a studio or broadcast centre
and generate an RF signal that will drive a
transmitter.This equipment is
synchronised using GPS and can
therefore be used with additional
modulators to set up synchronised
networks of transmitters.The
synchronisation of transmitter networks is
important because it enables receiver
features such as diversity and alternative
frequency switching that will make
reception more robust.

We have also written software to
generate the MDI stream, and to monitor
it, thereby assisting BBC World Service to
maintain the current pilot transmissions
on air.

Armed with all these tools we have taken
part in tests in DRM to verify the
interoperability of different
implementations of the MDI and its
associated specifications.

Single frequency
network trials 
Single-frequency networks (SFNs) have
the potential to give DRM listeners more
reliable reception, without needing a
more complicated receiver or any extra
spectrum. Using our modulators, we led
the first ever tests of a large-scale DRM
SFN. One signal was transmitted from
Rampisham, south west England; the
other came from Bonaire in the
Netherlands Antilles, transmitted by

Radio Netherlands Worldwide.The signal
was received successfully in
southern Portugal.

AM signalling system 
For some time to come there will be a
mixture of analogue AM and digital DRM
transmissions on the short-wave (SW)
bands. As a result, DRM-compatible
radios are also likely to offer reception of
AM stations. BBC World Service wanted
a way of signalling to a DRM radio tuned
to an AM transmission that a digital
version of the same programme was
available.

As part of the DRM Coding and
Modulation group we developed a
system to send this information along
with the AM transmission.We designed
the modulation and data parts of the
specification and evaluated the system in
the lab using our SW channel simulator.
The data part of the system draws on
existing elements of the DRM
specification, avoiding the need for
duplication of data handling within a
receiver.We have carried out test
transmissions of this new standard from
the Rampisham SW transmitting station
and are now building custom hardware
to introduce a service onto the BBC
World Service’s analogue short-wave
transmissions.The receiver algorithms are
currently being incorporated into our
DRM receiver code.
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DRM™ – Digital Radio Mondiale continued

1. Part of the Rampisham HF
transmitting site.

2. Our DRM modulation equipment
installed at Rampisham for
SFN trials.
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Rights management

As new platforms become more widely accepted and the public encounters new forms of
content delivery, the industry at large is becoming more concerned with ways of controlling the
use of content. Some are looking for control to develop new business models; others want to
constrain the distribution of content.This is happening against a backdrop of consumer demand
for content sharing within the home and the popularity of peer-to-peer file sharing services.

At R&D we have extended our interests in
services that use personal video recorders
(PVRs) into the technologies and issues
surrounding digital rights management.
Using our experience gained within the EU
project Share it! we are actively contributing
to open standards bodies working in this
area; our aim is to make sure that the BBC’s
public service broadcasting model is not
excluded.The standards bodies concerned
are the TV-Anytime Forum, DVB and –
looking further to the future of a digitally
interconnected world – the Digital Media
Project.We have also continued to look
at watermarking as a useful tool in the
rights management toolbox.

To better understand the technologies
involved in digital rights management we
are developing a simple demonstrator.This
builds on work in the Share it! collaborative
project that developed a system for
distribution of rightfully managed content.
This work shows an open implementation
of some aspects of rights management
technology and provides a public key
infrastructure (PKI) over a network to
enable token holders to access a
broadband managed service.The PKI
demonstrator uses open standard
technologies to verify the authenticity of
the server and client to encrypt the clients
submitted token.

Working on rights management places us
better to understand and steer develop-
ments that will drastically affect the use of
content over the next few years.The BBC’s
licence payers have a right of access to
content that they have paid for, and BBC
initiatives such as the Creative Archive
should be supported by open standards

that do not let one particular business
model or technology dominate.

TV-Anytime 
The TV-Anytime forum reached a milestone
this year with the publication of a specifi-
cation for the signalling of rights management
and protection information for broadcast
applications.This specification addresses
short-term requirements by defining a
small set of functions for conveyance of
content over a broadcast network to
support the most pressing broadcast
business scenarios.These range from the
traditional ‘free to air’ models that require
only the most basic signalling, to business
models such as ‘pay per view’ and beyond
for consumer devices and home networks
that may employ conditional access or
bidirectional connections.Thanks to our
involvement, this specification adequately
supports the public service model.

The Digital Media Project
The Digital Media Project (DMP) was
established in December 2003. It looks to
the longer term issues of rights manage-
ment, seeking to understand and
document the conflicts brought about by
the new digitally connected environment.
It recognises the need for legislators to
find a balance between the expectations
of home media users and those in the
business of making and distributing
content throughout the whole value chain.

On the technical side the DMP recognises
the need for a specification of interoperable
rights management technologies in order
to enable efficient value chain growth and
rich content supply. In this way a digital
future can emerge that will maximise the

freedom of choice for the end user and
minimise the social tensions brought
about through heavy use of legal actions.

In October 2004 the DMP began drafting
its Phase I specification for Interoperable
DRM Platform (IDP-1).We contributed to
both the requirements capture and drafting.

Watermarking 
Watermarking is the term usually used to
describe the hiding of information in sounds
or pictures such that it is imperceptible
yet (usually) irremovable.The information
may include the provenance and re-use
conditions of the content.We have been
assessing the performance of commercial
systems and exploring our own ideas.

The European Broadcasting Union
completed the final stage of its tests of
commercial audio watermarking systems
2004.The results of this work, which was
led by BBC R&D, were published to a
wide audience at the 116th Audio
Engineering Society convention.This was
notable because it was the first independent,
thorough, public analysis of commercial
systems.Two commercial systems were
found to have potentially useful performance.

To gain understanding of the nature of
this technology, and to exploit the BBC’s
prior art in the area, we developed an
experimental psycho-acoustically-masked
watermarking system using spread
spectrum modulation.This is a development
of techniques initially developed in about
1970 by BBC R&D engineers. In parallel,
a theoretical study showed that the
performance limits of audio watermarking
have not yet been reached.
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TV on the move – DVB-H 
In 1998 BBC R&D led a demonstration
at IBC of the possibilities of mobile
reception of DTT.We were working
with partners in the collaborative
project MOTIVATE. Since then we have
maintained our interest in mobile
reception, keeping abreast of
developments.We have contributed to
the DVB project’s group on broadcasting
to handheld devices which has prepared
a standard called DVB-H for this purpose.
In May 2004 we participated in the first
demonstration of the potential of DVB-H
by the UK Digital Television Group
(DTG) at the Mediacast exhibition. From
our involvement we can be reasonably
sure that the standard works, but the
business model (who would build and
own the networks, and how services
would be paid for) is far from clear. Nor
is it clear what spectrum, if any, might be
available for services.

MBRAI 
Because of our work in DTG we were
invited as specialists to take part in the
work of a new group in order to create
a specification for future mobile and
portable digital television receivers.The
MBRAI (Mobile and Portable DVB-T/H
Radio Access Interface Specification)

group is a working group within EICTA
(European Information &
Communications Technology Industry
Association). A comprehensive
specification has been created and
submitted to the International
Electrotechnical Commission (IEC) for
standardisation. A significant benefit of
working with other major players is the
sharing of information such as the results
of an indoor measurement programme
conducted by T-Systems in Berlin and the
initial results of the performance of Nokia
hand-held television receivers.

The NEM initiative 
The European Commission is concerned
to keep Europe’s lead in audiovisual
technology – to which BBC R&D has
contributed through many EC-sponsored
collaborative projects.The Commission
sponsored the launch of the Networked
Electronic Media (NEM) initiative, whose
aims are to co-ordinate European R&D
to ensure that the whole audiovisual field
is covered without gaps or overlaps and
that the standards that emerge are open
and interworkable.The BBC obviously
supports these aims, and R&D
contributed to the NEM launch event
and to the detailed planning of the
NEM initiative.
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The BBC is committed to supporting open standards as the
key to a manageable diversity of the future media landscape.
That commitment implies planning the network of standards
needed and working in the standards bodies to create
the standards.

Standards for the
future of television

1. Mobile hand-held TV.
Artist’s impression of how mobile hand-
held TVs may look in the future.

2. Digital signal.
Offscreen scope photo of a digital signal.

3. Mobile TV on a tram.
BBC R&D helped to prepare for the
demonstration of TV on a tram at
IBC 1999.
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Publications

It has always been R&D’s policy to publish as much of our
work as possible. Nowadays the internet is the main vehicle
for publication, with a series of White Papers available on
our website.

White Papers 
Our engineers publish papers in many
places, such as journals and conference
proceedings.Wherever possible, we
retain the copyright on these publications
so that we can republish them as White
Papers, thus keeping all our publications
accessible in one place.We also publish
as White Papers reports and tutorials
resulting from our work that we think
would be of interest and value to the
wider technical community.

White Papers are freely available, but
those using the information are asked to
acknowledge the source and to respect
our copyright.

During the year under review, we have
published about forty White Papers.

R&D reports 
Up to 1997 we published most of our
results as paper R&D reports. A list of
these reports is available on our website.
About half of them are now available
electronically; copies of the others are
supplied free on request.

Lectures 
We receive many invitations to lecture,
and we offer papers describing our work
for presentation at conferences. During
the period under review our staff have
given about forty lectures at events as
diverse as the International Broadcasting
Convention, EMC UK, EBU Foresight and
IEE local centre meetings. In many cases a
supporting paper will have been
published as a White Paper.
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