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BBC Research & Development maintains a world-class forward research
programme in a variety of broadcast technologies. As a consequence we are

FOREWORD

able to deliver significant competitive advantage to the BBC. This last year
has been particularly productive and fruitful.
The full benefits of digital broadcasting are now beginning to come through to our viewers
and listeners. The BBC has launched new television and radio services and significantly
enhanced the quality and sophistication of the interactive and enhanced services on the
digital platform. Interactive Wimbledon 2001, the enhanced Walking with Beasts
programme, the BBC i-Bar, regional news programmes and the new BBC Children’s
channels have all been critical successes for the BBC. BBC B&D has been a key
contributor to the multifunction teams across the BBC which have made these popular
innovations possible.
As the full value of the digital broadcasting revolution starts to become apparent to
viewers, the opportunity to switch off the analogue TV signal seems to be more achievable.
The Government has reiterated its commitment to switchover by 2010, and has launched a
major national initiative to plan how to achieve this. BBC R&D is playing a major part in this
process, especially by providing our spectrum planning expertise to address issues in the
digital terrestrial broadcasting field. The ‘Digital Action Plan’ is a multi-year commitment to a
major national strategic change. It will not be easy to achieve, but the BBC is committed to
doing everything we can to make it happen.
At the same time, Digital Radio has in the last year reached some critical milestones.
The BBC has launched the first of five new national stations; and listeners are getting the
benefit of digital’s greater capacity to carry new services. Receivers are coming down fast
in price, and we expect to see £100 products in the shops soon. And the BBC has
committed to the next phase of rollout of the digital radio service to cover the great majority
of the UK population. BBC R&D is providing the tools for leading edge data services for
digital radio, as well as working closely with the industry to deliver improved receivers. Our
spectrum planning function is leading the further expansion of coverage. We have also
made great progress with Digital Radio Mondiale, the digital standard to replace analogue
in the short wave bands.
Alongside the digital revolution for viewers and listeners, we are seeing the beginning of
a digital revolution in the production process. Standard IT equipment and networks are
reaching the point where they can handle video material. This opens the potential for a
fundamental re-structuring of the BBC’s production process. BBC R&D has been pioneering
in this field for some time – this year we saw the first implementations of IT-based

production systems, and the planning of a their roll-out across the BBC. Our R&D expertise
is placing the BBC at the leading edge of this revolution – offering us a major efficiency
advantage compared with our competitors. BBC Technology is implementing these pilot
systems, and will themselves gain an important time advantage in reaching the market with
this key new technology.
BBC R&D has also delivered leading-edge technology to support the BBC’s production
function. Examples include our work on the new production centres, speech-assisted
subtitling, high-definition video production, digital radio cameras, and virtual production.
In a time of rapid technology change, there is no shortage of demand from our BBC
colleagues for our effort and advice. Demand exceeds our ability to meet it, and we have to
work hard to retain a significant allocation of effort to continue the long-term, blue-sky
research programme which creates the seed-corn for the future. Last year, we
fundamentally re-structured our process for prioritising R&D projects, and established a new
system for monitoring progress and value for money. In all of this we have concentrated on
linking our work very closely with the needs and priorities of our customers in the BBC
operating divisions. We are entering the new financial year with greater confidence that we
have balanced long and short term deliverables correctly.
Working in close collaboration with other parts of the BBC is also strengthening our
ability to deliver what our customers need. BBC Imagineering is a key partner, focused on
research into new content, complementing our focus on new technology. Kingswood
Warren Ventures was set up as a commercial subsidiary of the BBC to exploit our
intellectual property and enhance the BBC’s return on its investment in R&D. Our first
success is likely to be the creation of a joint venture company to exploit our development of
plasma display interfaces (which we reported last year).
It is very gratifying when our achievements are recognised by awards. This year we
received, jointly with LSI Logic, the Queen’s Award for Enterprise, recognising our chip
design which was fundamental to the successful launch of digital terrestrial broadcasting.
Our Spectrum Planning work (vital work whose importance is not often acknowledged) was
recognised by the Royal Television Society Southern Centre; while our pioneering radio
camera was given this year’s RTS Award for R&D. And the National Academy of Television
Arts and Sciences in the United States recognised the fundamental breakthrough in
up-conversion made at Kingswood in the late 1980s which is now the foundation for high
definition television services.
The scientific and engineering work at BBC R&D continues to be world class. We are
fortunate in having an outstanding research staff, backed up by an excellent support team.
I am particularly encouraged that BBC R&D continues to attract some of the most talented
engineers, scientists and mathematicians graduating from university. Their energy and new
ideas are an essential part of the continual renewal of our achievements.

Peter Bury
Head of
Research & Development
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AWARDS

From left to right:

Peter Bury receiving the Queen’s Award.
The Radio Camera team:
Sitting L-R: Mark Waddell, Chris Clarke, John Zubrzycki, Peter Moss.
Standing L-R: Jonathan Rosser, Thomas Davies, Simon Gauntlett,
Dave Darlington, David Van Kemenade, John Green, Ken Taylor,
Eric Beauchamp, Matt Hammond, Tom Ellinor, Simon Waddington,
Chris Jenkins, Marina Beckett.

Mike Croll received the Emmy in New York.
The team from Spectrum Planning:
L-R: Dave Darlington, Phil Marsden, Graham Plumb, Tom Everest,
Nigel Brown, Steve Longhurst, Paul Bate.
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awards
We are especially pleased when the quality of our work is recognised by our peers in the industry.
This year we have received a number of outstanding awards.

QUEEN’S AWARD
BBC R&D and LSI Logic, a leading designer and manufacturer of communications and storage semiconductors, have
received the highly prestigious Queen’s Award for Enterprise in the category of Innovation for a jointly developed single-chip
digital terrestrial television demodulator.
The L64780 receiver chip – the first chip in LSI Logic’s family of highly integrated, high performance solutions for digital
terrestrial TV broadcast – makes it possible for viewers to receive cutting edge new digital services through their existing
television sets. Affordable and effective, it quickly became a market leader when it was launched three years ago.
New digital technology enables transmission of up to 30 channels, in place of the traditional five, along with new
interactive communications and services for the partially sighted or hard of hearing.
The collaboration delivered quality receivers in time for the launch of digital television in the United Kingdom, and the
Queen’s award is in recognition of this important contribution. BBC R&D provided its intellectual property while LSI Logic added
its integrated circuit design, production and marketing expertise to the project.
We are delighted that the commercial success and technological innovation of our partnership with LSI Logic has been
recognised with such a prestigious award.

ENGINEERING EMMY 2001
The BBC has been awarded an Emmy by the National Academy of Television Arts & Sciences for outstanding achievement in
technological advancement.
The award recognises the pioneering work of the BBC’s Research Department in the late 1980s on high-definition
up-conversion, a process which enables broadcasters to convert programmes made in standard definition format to the new
high-definition format which is being increasingly used, especially in the United States.

RTS AWARD FOR THE RADIO CAMERA
Cutting edge radio camera technology developed in house is set to transform programme making and pave the way for the
cordless studio.
In a world first, a team at BBC R&D has developed a light-weight box containing a transmitter chip that can be attached to
the back of a digital camera, enabling the camera to work without cables. The resulting digital radio camera provides flexibility,
reliability and quality and minimises the need for extra cameras.
The work won the R&D category in the Royal Television Society Awards for Technical Innovation. Prototypes have been
successfully tried in many parts of the BBC. This award was not only for the team at BBC R&D but also the team of people
within News, Resources and Production Development that have worked hard to help turn the vision of cable-free camera
operation into a reality.

BEST ENGINEERING INNOVATION FROM THE RTS SOUTHERN CENTRE
A team from Spectrum Planning Group, BBC R&D were recognised for their work on digital television at the Royal Television
Society Southern Centre Awards.
The team, shared the Best Engineering Innovation award with their partners in the Joint Frequency Planning Project. The
award recognised the work put into multiplex coverage equalisation, a vast piece of work which re-plans the frequencies used
by digital terrestrial television. The goal was to improve the coverage of the digital television network in the United Kingdom
without using any more sites.
The project team – a partnership between BBC R&D, the ITC and the transmission providers Crown Castle and ntl –
prepared plans and proposals for nearly forty stations, which together could add nearly four-and-a-half million households into
the core coverage area of the network.
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Radio cameras used live in the
Blue Peter studio, set up at
the indoor and outdoor athletics,
Top of the Pops and outside the
Old Bailey.
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radio cameras
Cable-free cameras have been used for years in sports, news and outside broadcasts
for live events. Unfortunately, with analogue transmission the pictures often break up
without warning. Now, with new digital technology, we have proved that we can offer
a more reliable cable-free link bringing a new lease of life to radio cameras.
Producers and directors have been given the opportunity to use cable-free cameras in a wider variety of
productions, indoors in studios as well as outdoors. The new digital technology gives freedom and flexibility
– enabling the camera to go to places that were not possible before.

Production benefits
•
•
•
•
•
•

complete freedom of movement,
flexibility in use,
minimises need for extra cameras,
improvement to safety – no trailing cables,
eases set design,
reduced set up time.

THE NEW TECHNOLOGY
The underlying technology for the digital cable-free camera is the proven system used for digital terrestrial
television. It is extremely rugged, especially in the types of environment in which we expect to use cablefree cameras.
Building on our experience of systems for digital television, we have taken advantage of recent
advances in chip design to make a portable transmitter. This is small enough and light enough to be
mounted onto the back of the camera.
We use video compression to minimise the amount of data that needs to be transmitted, and to
maximise the ruggedness of the system. Our first prototypes used compact MPEG-2 encoders and these
have been used successfully in many programme trials. The prototype MPEG-2 encoders, however, gave
rise to an 18-frame coding and decoding delay (about three quarters of a second) which made it difficult to
cut from the radio camera to a fixed camera, especially in programmes containing a large amount of music,
speech or fast action. Our second-generation prototypes have been built using DV encoders and decoders.
This requires two channels to carry the video and audio in a rugged manner. Therefore, the radio-frequency
bandwidth required to carry this form of signal is twice that required to carry an MPEG-2 encoded signal.
However, the delay of this system is less than three frames which is just acceptable for working alongside
cabled cameras in some situations. Our second-generation prototypes have been built in conjunction with a
commercial manufacturer so that more equipment can be manufactured as required.
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TRIALS, DEMONSTRATIONS AND BROADCASTS
We have made several prototype units. These have been given to BBC departments including
News, Resources and Production Development for programme trials. These trials have proved
very successful and there is a now a steady demand for our prototypes for both outdoor and
indoor events.
Our MPEG-2 prototypes have been used successfully this year for many events including
• Old Bailey and Lewes Crown Court trials,
• coverage of the election hustings for News,
• by Outside Broadcasts for coverage of the TV Bafta awards (three cameras
simultaneously),
• both indoor and outdoor athletics.
Particularly impressive was the ability to obtain error-free pictures from a camera operated
from a moving buggy travelling with the runners round an athletics track.
Our new DV-based prototypes have been used successfully inside studios and in
particular two were used together to film the visit of the Queen to the Blue Peter programme.
They have also been used very successfully for the Remembrance Day celebrations at the
Cenotaph and for touch-line coverage of several live football and rugby matches.
Experience shows that for outdoor events, it is still important to have line-of-sight
operation between the camera transmitter and the receiver. However, indoors non-line-of-sight
operation is possible because of the ability of the system to make constructive use of any
reflected signal. This means that radio cameras can be used easily in studios which are areas
that are very difficult for operating analogue radio cameras.

COFDM MODULATOR LICENSING
If radio cameras are widely available at reasonable cost then this should result in cost
reductions in production and outside broadcasts through having a ‘cable-free’ environment.
Therefore, in order to stimulate the industry and hasten the cable-free era, we have made
available, under licence, our designs for a
compact modulator board. Licences have been
taken by several companies within the industry.
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information technology
in broadcasting
TRIALS, DEMONSTRATIONS AND BROADCASTS

The ORBIT project was set up to help the BBC migrate from highly specialised production equipment to
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The stimulus is the fact that desk-top PCs can now handle video, and networks can deliver video and audio to them. We can
therefore adopt standard information technology in many of our production offices, saving costs and time. If we are to succeed,
then we need equipment and systems that will work together.
For many years, the ITU’s Recommendation 601 ensured compatibility of digital broadcasting equipment. We now need
standards for new broadcasting systems within an IT framework. A major contribution of the ORBIT project has been to ensure
that these standards are in place. The key components are:
• video compression standards,
• file exchange standards and,
• middleware.
The standards assume an open architecture, not favouring any specific digital processing. Nevertheless, MPEG-2 is a strong
contender for use in the BBC. If an MPEG-2 signal is repeatedly processed, as it might be during an editing session, the signal
quality will drop. However earlier work by BBC R&D led to the development of the MoleTM which ensures quality does not
degrade with repeated processing. This is now standardised through SMPTE as the Re-Coding Data Set.
We have also been working on standardisation of the exchange of finished programmes and work in progress. The new
standards are MXF and AAF respectively. Software development kits are becoming available, and manufacturers are starting to
provide these file formats in their products.
As well as looking at standards, the ORBIT project has developed a prototype implementation to allow us to investigate
some of the proposed technologies including the specifications for the networks and PCs on which this technology will operate.
Middleware is the technology used to run diverse applications compatibly on a network. Although the BBC has the option to
leave the choice of middleware entirely to vendors, we have been working with the Portuguese researchers, INESC, to ensure
that we have appropriate knowledge of the middleware systems the BBC might wish to use.
Conventional desk-top computers are now powerful enough to be able to perform most broadcast functions without the
need for expensive components. In particular, we can use low cost storage technology, such as off-the-shelf IDE disks.
These are much more suitable for storing media files than some of the major memory systems now used in other industries.
This should reduce the costs of media archives by more than 50%.
The next question is how the BBC can accomplish the transition to systems based on IT. Already the BBC’s MERCURY
project is creating a twelve-seat production office, with high quality media available at all desktops, using only commodity
IT equipment.
A few years ago, we thought the main issue would be the size of media files, and the capacity needed to move vast
quantities of data between central servers and production offices. In practice, most editing will use browse quality material, with
final rendering carried out at the end of the process. Many production teams are grouped together and share information, and
so the necessary storage and network capacity will be significantly smaller than first expected.
The main issue for scalability is access to departmental, archive and BBC-wide metadata databases. These describe the
essence, the rights, the technical details and provide full business information. ORBIT technology can provide a powerful
distributed media asset management system, uniting both essence and metadata, and allowing easy access in all areas of
broadcast production.
ORBIT has given us a clear understanding of the strengths and weaknesses of computing technologies. The BBC is now an
informed customer and should be able to gain competitive advantage through early implementation of IT systems in production.
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The 2001 general election
programme Vote 2001 featured a
virtual ‘Swingometer’ positioned on
a real table-top.
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virtual production

Virtual production is a relatively new television technique in which all or part of the scenery
is inserted into the image electronically, rather than being physically present. This can save
time and money, by eliminating the need to build, transport, rig, break down and store
physical sets.
Virtual studios also provide new artistic freedom, since we can create backgrounds that are physically
impossible to build in a real studio. However, virtual studio techniques must fit in well with current studio
practices, and must not place significant limitations on what is possible. They must also be capable of
producing a high degree of realism.
We have previously developed several devices to make virtual production simpler, cheaper and more
flexible. These included a camera tracking system which can work with any kind of camera mounting,
including hand-held. The information describing the position and orientation of the camera can be used to
control the rendering of virtual scene elements, so that they always match the current camera view. We also
developed a high-quality image manipulator that can move a two-dimensional background image to match
the motion of a camera. Other developments included a retro-reflective cloth that can be used in place of a
conventional coloured cyclorama to provide a chroma-key background, using a ring of low-power lights
around the camera lens instead of many tens of kilowatts of conventional studio lighting. All these products
are now available from commercial suppliers.
We are carrying out fundamental research into the next generation of virtual production systems, by
investigating ways in which live action can be captured in three-dimensions, to allow greater production
flexibility and higher quality combination of real and virtual elements. We are also studying methods by
which such content could be delivered to viewers to allow interactive or three-dimensional viewing.

SUPPORT FOR PROGRAMME-MAKING
We support our production colleagues who are applying this technology to programme-making.
The 2001 general election programme Vote 2001 featured a virtual ‘Swingometer’ positioned on a real
table-top. We developed a device to compensate for the distortion in a wide-angle studio camera lens,
which allowed the Swingometer to appear rigidly-locked to the table top even when viewed though such a
lens. We also developed a quick method of measuring the height and orientation of a set of targets for the
tracking system, designed to allow the quick installation of targets on a suspended truss – an arrangement
required for Vote 2001. The programme went on to win the RTS Craft and Design Award, getting particular
praise for the use of virtual reality techniques.
We have developed a system to allow the overlay of a camera image with a recorded image from the
same camera, compensating for the differences in the pan, tilt and zoom of the camera between the two
shots. This has many applications, such as allowing the overlay of two heats of a sporting event, to show
the relative performance of competitors. We used several software and hardware components that we had
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previously developed, including the image manipulator, to assemble this system in a very
short time.
We have also helped BBC Resources in drawing up a proposal for a new virtual studio
at Television Centre. At present there is no proper dedicated facility available at Television
Centre. This makes it difficult for programme-makers to explore the possibilities that the
technology can offer. Similarly, we have discussed the possibilities offered by virtual studios
with the technical architects of the proposed new broadcast centre at Pacific Quay
in Glasgow.

THE NEXT GENERATION OF VIRTUAL PRODUCTION
PROMETHEUS
The PROMETHEUS collaborative project is now in its third and final year. The project will
demonstrate a complete programme chain, using three-dimensional virtual studio
techniques and incorporating high-quality virtual actors. The scene will be encoded as a
collection of three-dimensional models using the new MPEG-4 coding standard, and the
decoded scene will be displayed on a three-dimensional display. The technology being
developed will be of use both in ‘conventional’ virtual production, as well as demonstrating

what might be possible for new kinds of media, including interactive television and threedimensional television.
Within the project, we have developed a method of creating an approximate threedimensional model of an actor using a conventional studio camera and chroma-key
background, and technology we developed previously for tracking the position of the
camera and actor. This allows the actor to be inserted in the virtual scene by incorporating
his model within the three-dimensional scene before rendering, rather than by compositing
his two-dimensional image with that of the rendered scene. Thus a complete threedimensional scene is created, which may be rendered from a viewpoint independent from
that of the actual studio camera. This allows us to move the position of a virtual camera,
giving us the potential to reduce the size of studio required for a virtual production, as the
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range of camera positions used can extend beyond the physical studio walls. The model of
the actor we create is only approximate, the chroma-key shape mask using and making
assumptions about the typical shape of people.
An alternative method is to create a full three-dimensional model of the performer using
images from conventional television cameras surrounding the performance area. Unlike
conventional motion capture systems, this approach works directly from video images and
requires no special markers or sensors on the performers.
The production team from the programme The Dancer’s Body collaborated in a multicamera test shoot to gather material to support tests and demonstrations. From this
material, some animated three-dimensional models of the dancer, Deborah Bull, were
generated, using both of the modelling techniques developed in the project.
In the PROMETHEUS project we have demonstrated a large-screen stereoscopic
display to present live demonstrations using a single-camera to model an actor. Meanwhile,
another project partner is looking at methods of developing glasses-free displays, based on
the principle of integral imaging.

We created a threedimensional scene
incorporating a model of
the artiste.
METAVISION
The METAVISION collaborative project is developing a camera system that will capture
both high frame-rate and high resolution images. It enables effects such as high-quality
slow motion, in both film and video productions. The high temporal frame-rate signal
assists subsequent temporal standards conversion.
Our main contribution to the project is concerned with depth information. We have
evaluated several methods of measuring depth in images and are examining applications
that can benefit from such information. Relevant applications include special effects in postproduction, such as keying based on depth, and the creation of three-dimensional models.
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ORIGAMI
ORIGAMI is a new collaborative project which is developing new tools to allow the creation
of high-quality scenes incorporating both real and virtual objects. This will enable
operations such as lighting changes and camera moves to be carried out in postproduction, and allows the generation of effects such as the casting of shadows between
real and virtual objects. In this project we are extending the work started in PROMETHEUS
to create realistic three-dimensional models of scenes in a chroma-key environment, by
building a multi-camera capture system.
Another aim of our work in ORIGAMI is to provide visual feedback to actors in a
chroma-key environment, so that they can easily relate to the position of virtual objects. We
have devised a technique in which an image of the scene is rendered and projected in realtime onto the cyclorama. We can determine the position of the actor’s head using our
marker-free actor tracking method, and render the image with the correct perspective from
the point of view of the actor. We have also devised methods to prevent the projected
image appearing on the actor, and to ensure that the projected image does not interfere
with the chroma-key process.

DELIVERY METHODS FOR NEW CONTENT FORMS
The kind of content that virtual production methods can produce is ideally suited for use in
new kinds of services. Information describing the objects in a scene is coded and delivered
directly to viewers, rather than just being composited to form a conventional television
image at the studio end.
The new coding system, MPEG-4, provides one possible way of representing and
delivering such content, since it supports a wide range of media objects, including
conventional video, video with an associated shape signal (as can be obtained from a
chroma-keyer), and three-dimensional graphics objects.
In addition to our work using MPEG-4 in the PROMETHEUS project, we have also
been contributing to the SAMBITS project. This project considered how MPEG-4 might be
delivered to viewers using the MPEG-2 transport stream used in today’s digital broadcast
systems. It then went on to look at the the kinds of new services that this could support.
As a part of this work, we produced a short version of the programme The Ballad of Big Al,
that included several additional programme elements such as video clips encoded using
MPEG-4. We also demonstrated (at IBC 2001) the use of MPEG-4 to convey
sign language.

By overlaying a live image onto a
recorded image we can show the
relative performance of competitors
in a variety of sports.

18

April 2001 – March 2002

PRODUCTION BASED ISSUES

speech recognition
ORIGAMI

We have been using speech recognition systems to help provide better subtitles, archive processes and

ORIGAMI is a new collaborative project which is developing new tools to allow the creation
of high-quality scenes incorporating both real and virtual objects. This will enable
operations such as lighting changes and camera moves to be carried out in postproduction, and allows the generation of effects such as the casting of shadows between
real and virtual objects. In this project we are extending the work started in PROMETHEUS
to create realistic three-dimensional models of scenes in a chroma-key environment, by
building a multi-camera capture system.
Another aim of our work in ORIGAMI is to provide visual feedback to actors in a
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have devised a technique in which an image of the scene is rendered and projected in realtime onto the cyclorama. We can determine the position of the actor’s head using our
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studio automation. Our assisted subtitling system uses speech recognition techniques to turn a
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The new coding system, MPEG-4, provides one possible way of representing and
delivering such content, since it supports a wide range of media objects, including
conventional video, video with an associated shape signal (as can be obtained from a
chroma-keyer), and three-dimensional graphics objects.
In addition to our work using MPEG-4 in the PROMETHEUS project, we have also
been contributing to the SAMBITS project. This project considered how MPEG-4 might be
delivered to viewers using the MPEG-2 transport stream used in today’s digital broadcast
systems. It then went on to look at the the kinds of new services that this could support.
As a part of this work, we produced a short version of the programme The Ballad of Big Al,
that included several additional programme elements such as video clips encoded using
MPEG-4. We also demonstrated (at IBC 2001) the use of MPEG-4 to convey
sign language.

By overlaying a live image onto a
recorded image we can show the
relative performance of competitors

programme script into fully synchronised subtitles. The experimental system is still in use in BBC
Glasgow for day-to-day subtitling work, but we are concentrating on improvements and providing the
system to a licensee for integration into their product range.
The most noticeable improvement that the viewer will see is that the format of the subtitles will be better. We have
developed an optimisation technique which seeks the best overall appearance of each subtitle, exploring many of the tradeoffs that subtitlers themselves consider. Not only does this technique produce subtitles with a better appearance but, by
changing the optimisation rules that the software uses, we can produce subtitles with a quite different appearance. This
flexibility in subtitle styles allows the software to produce subtitles that match more closely those required for particular
genres of programme, for example, drama or documentary. As a consequence, less manual editing of the subtitles needs to
be carried out later.
Using the same technique, we have experimented with grammatical analysis software which provides details of the
linguistic structure of the scripted text. Using this information we can ensure that the splitting of the text into different
subtitles takes phrase structure into account and so can keep important elements of text together. This again will help to
minimise any subsequent editing of the subtitles.
We have also extended the work to help with re-versioning of subtitles. This is needed where subtitles are acquired with
a programme from another broadcaster but, for a variety of reasons, the synchronisation of the subtitles gradually slips
during the programme. Using our alignment techniques, the software can track the dialogue and re-time the subtitles to
ensure that correct synchronisation is maintained throughout.
We have also been looking at live subtitling. BBC Access Services have shown that, using an off-the-shelf speech
recogniser package, a person re-speaking the programme commentary clearly and precisely can be very effective for live
subtitling. Speech recognition error rates down to 2% can be routinely achieved. This is comparable to that achieved
currently in live subtitling using a Stenograph keyboard. However, in order to make this new approach effective for subtitling
throughout the BBC, a low-cost solution is required. We are providing an implementation that will provide flexibility of
operation and remote working.
Local Radio would like to have an archive of their programmes available for browsing on the web. We set up an
experimental system, using some of our web-based production tools, to provide this facility for Radio Ulster and this records
about 25 hours of their programmes, off-air, each week. A simple webpage allows staff from Radio Ulster to select and
replay any programme from this archive using their web browser. Although experimental, this was well-received and has led
to further discussions on how such a facility should be provided permanently for production staff.
We have also revived our earlier work in automating facilities in a studio by using speech recognition. This followed on
from work which automates the scrolling of text on a teleprompter, by using a speech recogniser, to follow the words as the
presenter speaks them. Now we have extended the idea to include automation of further studio equipment. The idea behind
this is that, by marking the programme script beforehand with trigger events when each cue is required, an automation
system can synchronise equipment in a studio to the presenter’s delivery.
We were able to demonstrate the potential of this approach during our Open Days by linking the experimental speech
tracking system not only to a simple teleprompter but also to the BBC’s network control system, BNCS. With this
arrangement, as the presenter reads the script from the teleprompter screen, not only does the text move automatically but
also video and audio replay starts on-cue, as do video routing and studio lighting changes. Although this was an
experimental demonstration, the possibilities offered by speech recognition for automating studio operations are clear.

in a variety of sports.
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pa l d e c o d i n g
How should we treat archive material originally recorded in
analogue PAL formats?
The BBC’s television archives are a valuable source of programme
material for the new digital services. However, a lot of these
programmes were originated in the PAL composite colour format.
These need to be decoded to digital component form before they can
be reused.
PAL decoders introduce artefacts which in many cases are visible,
and sometimes cause the material to compare badly with programmes
originated in digital format. There are several different PAL decoders
on the market, incorporating different design compromises, but none
is perfect.
We have produced a novel PAL decoder, which gives better results
than any others we have seen. The new PAL decoder is complementary
– the original PAL signal can be regenerated from its output. This allows
future proofing of PAL archives without the need to keep original archive
tapes (and the machines on which to play them). If, one day, an even
better PAL decoder becomes available it will be possible to reconstitute
the original PAL signal from the digital recording and then decode
it again.
The new decoder works in the Fourier transform domain. It exploits
the spectral symmetry of the modulated chrominance signal to separate
it from the luminance signal. This technique is very effective at removing
the cross colour and cross luminance patterns that are so common in
PAL originated material.
BBC Archives have confirmed that they would like to use the new
decoder for transferring one-inch ‘C’ format and D3 PAL tapes to
Digital Betacam. A hardware implementation of the decoder has
therefore been developed and sufficient production units for the
immediate needs of BBC Archives are being manufactured.
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How should we distribute live audio in studio centres?
People are now expecting to deliver services using data networking technologies of all
kinds. Within production centres this requirement can vary from the use of computer-based
programme-making tools to simply making use of the building’s standard cabling to support
broadcast services. The Audio Engineering Society has now defined techniques which will
permit us to distribute live audio using ATM networks. It is particularly suitable for sound
because there is very little delay in the system (unlike some of the internet options that are
being considered).
In the BBC, we need to route and distribute live audio over standard cabling within
production centres. The BBC is only interested in solutions if equipment can be
specified from a number of manufactures and the interface specifications on both the
audio and network side of the interface are to an open standard.
A draft standard (AES 47) that has been developed by the Audio Engineering
Society is an important development, as currently the only other standardised way of
transferring a live audio stream is to wrap this into an MPEG transport stream and then
place this onto the network. The problem is that in doing this it introduces sufficient
delay to make the system unsuitable for use within live production centres.
There are also some proprietary initiatives. However, these could lead to
a fragmentation of network connectivity within the professional audio market. It would
then be very difficult for the BBC to implement a live networked structure across the
organisation. We need open standards.
Thus the solution from the Audio Engineering Society looks to be a suitable
way forward.
We have demonstrated this system working. The audio routing uses switched virtual
circuits to deliver the audio and control streams. The key advantage of this is that the
audio interface can effectively make a broadband call across the ATM fabric to a
destination interface and, providing the bandwidth is available, the route can be set up
without any management of the ATM core. This can be compared to making a direct
dial telephone call on an automatic telephone exchange. If required, the switched
circuit can be tunnelled through a permanent circuit, which will help if we wish to
transfer signals between major studio centres for example.

We helped set-up and support the
upconversion of Blue Planet to achieve a
high definition version that has been
successfully projected onto a 10 m screen.
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high definition television
Both television and the cinema may benefit from the use of electronic capture in a high definition format.
Money can be saved by producing television electronically in high definition instead of film. So high definition techniques
must now move quickly from laboratory to the hands of producers, supported by their normal resource providers.
In the BBC, this has been achieved through partnerships where BBC R&D experts have worked with production staff to
identify where, and how, it is appropriate to use high definition. This process has helped to deliver the Natural History Unit’s
programme Great Natural Wonders of the World that exploits Super 16 and 35 mm film. The material that was shot in the
United States was shot in high definition. It was shown at prime time on BBC One where it attracted an audience of over five
million. Versions have been delivered in standard definition and high definition.
BBC R&D staff work closely with BBC Resources, developing the use of in-house facilities and exploiting those facilities
available in the United Kingdom. Presentations have been given in collaboration with BBC Resources and they have used
our production facilities to help them complete high definition post-production work. We consulted with Production and
Resources over the coverage of one of the Promenade Concerts in high definition. We also helped set-up and support the
upconversion of Blue Planet to achieve a high definition version that has been successfully projected onto a 10 m screen.
This used prototype commercial equipment in which both the increase in the number of lines per field and the change of fieldrate to 59.94 fields per second use motion-compensated processing.
The drama series Rock Face was the most complex high definition production operation that was supported. Brief training
sessions were held for two production crews and we gave advice on setting up and operation of the camera and the
performance of lenses. We also visited a remote and weather-beaten location to advise on possible approaches for the most
challenging sequences.
Several other successful high definition productions have been produced without the direct involvement of BBC R&D staff
– other than to monitor the results and feedback observations for training purposes. These have included Carols from Kings
and a Robbie Williams concert, both used facilities similar to those used for the Promenade Concert.
We are also helping BBC Training to set up and run a training course for all skills associated with high
definition production.
It is clear that capture in high definition formats is an effective and inexpensive alternative to film in television production.
The majority of the features of film can be replicated by electronic systems.
The use of high definition in television has much in common with the proposals that are now being made to convert the
cinema industry from film to electronic systems. The new e-Cinema should be able to deliver films more easily from the
distributor to the cinema operators. The BBC could benefit from involvement with associations that already have cinema
operations or may develop electronic projection systems. In this way the BBC could reach a new audience with derivations of
its successful programmes like Blue Planet and major dramas like Last of the Blonde Bombshells which has already been
released in the cinema in the United States.

Rock Face was shot in high
definition, and attracted an
audience of 5.5 million viewers.
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We can now offer a wider
choice of programmes on our
digital transmissions.

26

April 2001 – March 2002

n e w d i g i ta l
television services
Digital broadcasting is now starting to deliver real benefits. New services have been
launched, existing services enhanced, and the reach of services across different
distribution platforms extended.

All of these developments require new technical infrastructure or modifications to the existing infrastructure.
BBC R&D is a centre of technical expertise for all these changes. We take the leading rôle in defining and
establishing the technical architecture required to deliver these new services in accordance with the BBC’s
evolving aspirations for new services and acquisition of additional capacity on different delivery platforms.
This includes defining the configuration of key systems such as those for coding and multiplexing and the
conditional access adaptation equipment for digital satellite, as well as informing decision makers on the
most efficient use of the limited capacity available on the different digital platforms (terrestrial, satellite
and cable).
We also take a longer term strategic view of the technologies for the efficient delivery of digital
television, so as to ensure that the BBC’s future needs can be met. We have to make the difficult trade-off
between the number of services we can broadcast and the technical quality of these services when
delivered to the consumer. We are exploring the most efficient methods for coding and multiplexing, such
as the opportunities for dynamically scavenging any unused bit-rate, using Opportunistic Data and
other techniques.

NATIONAL OPTING ON BBC TWO
The BBC is both a national and a regional broadcaster. The requirement to be so is just as strong in the era
of digital television as it was for analogue. At certain times during the day, the national networks split to
deliver local programmes on different BBC channels. Such news programmes are targeted specifically at
individual nations (i.e. Scotland, Wales and Northern Ireland), and the English regions. This is referred to as
‘opting’ – because each region opts to insert its own content rather than carry the same material. In April
2001, the BBC ceased to opt on BBC Choice and began opting on BBC Two, which had previously been a
single UK-wide service on digital television. The new opting capability is at a national level, which means
that Scotland, Wales and Northern Ireland can now run their BBC Two services with schedules separate
from BBC Two in England.
The technical implications of this change differ from platform to platform (terrestrial, satellite and cable)
– a feature which has constrained many of the modifications required to implement new services or
functionality! In practice it was not possible to effect an overnight transition from opting on BBC Choice to
opting on BBC Two, and the change had to be implemented as a co-ordinated sequence of steps over a
four week period. The video and audio encoding systems in the national centres required modification.
SID, the system which manages our schedule information, needed to change, as did the channel selector
for Digital Text. The changes were completed successfully thanks to the combined efforts of a number of
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different areas across the BBC. Digital satellite presented the most complications. The
intention was that the national variants of BBC Two should, as far as possible, be viewable
across the United Kingdom. However, rights to certain programmes are sometimes
restricted to a specific national region. Consequently, the conditional access applied to the
new BBC Two services on satellite has to be applied on a programme-by-programme basis,
to limit viewing to the region concerned where necessary. This control is also managed by
SID.
For the first few months, the national variations of BBC Two on digital television were
the same as the analogue services, but more recently there has been an increasing amount
of regional content on the digital services. This has been made possible by generating
additional schedules for the digital services within SID.

DEVELOPMENTS ON DIGITAL SATELLITE
Shortly after the changes to BBC Two, the BBC expanded the number of services on digital
satellite after acquiring a third transponder. The first opportunity was the delivery of
multistream services for Interactive Wimbledon. To operate the new transponder, we
required a new coding and multiplexing facility, new adaptation equipment (which is used
among other things to apply conditional access to the programme services) and a new
satellite up-link. We have worked in all these areas, defining the underlying technical
architecture, planning use of the available capacity and assisting with systems integration
and testing.

BBC ONE
BBC One carries regional variations throughout England, as well as the national variations
for Scotland, Wales and Northern Ireland. The past year has seen a significant expansion in
the provision of English regional services with changes to geographical boundaries resulting
in an increased number of regions. The former BBC South East has split to become two
separate regions, one covering London and the surrounding area, and the other serving
Kent and East Sussex. The BBC North region was also split to provide an additional opt-out
for Humberside and Lincolnshire.
Such changes can have additional complications for digital television because, in
addition to the programmes, the broadcast signal carries data identifying and describing the
regional variation of the service. These data need to change if the regional content
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changes, for example when a new region is launched. The changes required for the
South-East and North regions went ahead with the minimum of disruption to viewers of
digital terrestrial television. In practice this has meant using an interim configuration for
parts of the network, so that the majority of viewers could continue to receive all BBC
services without having to re-scan their receivers. A further re-configuration will be
co-ordinated with one of the national re-scans instigated by ITV Digital, and this will allow
full functionality for viewers (e.g. the provision of Now/Next information reflecting the full
range of regional programming).
The other major development affecting BBC One has been the provision of selected
regional news programmes on digital satellite, using capacity available on the BBC’s third
transponder. This approach means that a single configuration of the transponder is used, at
different times, to carry interactive services (such as the Wimbledon multi-stream service)
and at other times, selected English regional versions of the Six O’clock News hour. The
news hour is of particular interest because for extended periods during the national part of
the bulletin the content carried is the same on all the streams and therefore the normal
dynamics of – and any benefit from – statistical multiplexing no longer apply. As a result,
the bit-rate allocated to the video needs to be chosen carefully. We guided this process by
providing advice and test material to guide those making the strategic decisions about how
to launch this service. We also guided the decisions on capacity planning for the
genera-purpose configuration of this new transponder.

BBC KNOWLEDGE AND BBC FOUR
BBC Four builds on and replaces the former BBC Knowledge. Since it was first launched
terrestrially, BBC Knowledge has been transmitted using channel capacity on a commercial
multiplex (operated by SDN) rather than using the BBC’s own multiplex (which carries most
of the other BBC programmes). This had a number of disadvantages from the viewers’
point of view: the BBC’s Digital Text magazine service was not available (although
BBC Knowledge did carry its own programme-related interactive content) and the service
was absent for significant periods during weekends, when SDN used the capacity for payTV services.
For a successful launch, BBC Four (or BBC Knowledge as it was then) had to be
brought within our own control on the BBC’s terrestrial multiplex, with full Digital Text
services and the possibility of 24-hour operation. This implied carrying five television
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services in the same capacity previously used to carry four services and raises issues for
picture quality. The capacity allocated to the individual video components of these services
is inevitably reduced in these circumstances.
The BBC chose to mitigate the most adverse effects of this by introducing statistical
multiplexing. This technique allows the video components of a bundle of television services
within a multiplex to take capacity from a common pool. The capacity allocated to each
service at any instant varies according to the difficulty of coding the material being carried
by that service relative to the difficulty of coding the other services within the bundle. This
contrasts with our previous practice of allocating a fixed amount of capacity to the video for
each service. In order to do this, it was necessary to make a set of major changes to the
technical architecture, involving the coding and multiplexing equipment in Television Centre
and the national centres, and expansion of the circuit capacity between them.
The implementation of statistical multiplexing within the BBC has not been a trivial task.
Building on our previous assessments of candidate systems from a number of
manufacturers, we conducted trials over satellite and designed an appropriate technical
architecture for that platform, before addressing the challenges of doing so for terrestrial
broadcasting. More recently, BBC R&D has provided test and integration support for the
complex programme of installation and commissioning required to bring the new coding and
multiplexing systems to air.
Cable companies use digital terrestrial television as the source for most BBC services.
The introduction of statistical multiplexing – where the capacity occupied by a single service
is variable rather than fixed – could have led to an excessive demand on the capacity
available on the cable. We managed the transition period, ensuring that the cable
companies were able to offer a continuous service. BBC Knowledge was successfully
migrated into the BBC multiplex early in November 2001 and was replaced by BBC Four in
March 2002.

CBBC AND CBEEBIES
Of all the service developments in the past year, the most complicated to plan, develop and
implement has been the introduction of the two new services for children, called CBBC and
CBeebies. In order to accommodate these services, BBC Choice and BBC Knowledge (now
BBC Four) became part-time services, only broadcasting during the evening and night, and
the capacity released was used for the new services during the daytime. Running services
in this ‘time-exclusive’ way allows a broadcaster to have channels that share common
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capacity (e.g. BBC Four and CBeebies) but are identified as separate services, with
separate terrestrial channel numbers and electronic programme guide entries on satellite
and cable.
We led the technical work on time-exclusive services from concept to implementation.
We established the capabilities of the different platforms to operate time-exclusive services,
carried out a series of tests to establish how the services could best be controlled and, in
the case of terrestrial television, structured.
Delivering the terrestrial services requires a new level of control of the digital coding
and multiplexing installations in the national centres and at Television Centre. The digital
satellite services need to be turned on and off using the adaptation system that also
controls the conditional access. SID manages these processes, and this has required
major upgrades to all its constituent parts. SID now schedules the composition of the timeexclusive services on terrestrial television (in terms of video, audio and other components),
and the start and closedown of the services on satellite, in addition to providing
schedule information.
Cable operators have their own methods of providing time-exclusive services. These
are outside the control of the BBC and so boundaries between different time-exclusive
services are constrained to occur at fixed times of day. However, the use of SID to control
the services on other platforms means that the BBC retains the capability to operate
schedules reactively within the constraints of the service on and off times. Having
established and tested the technical architecture for the delivery of time-exclusive services,
we took a leading rôle in planning the transition period in which BBC Choice and
BBC Knowledge changed from 24-hour to part-time services and CBBC and CBeebies
were introduced. This needed careful co-ordination across the BBC and with external
parties such as BSkyB and ITV Digital.

DIGITAL RADIO SERVICES
The BBC has recently expanded its provision of radio services and a number of these new
services have been added to those broadcast via satellite. These include 6 Music and BBC
Five Live Sports Extra as well as a service which was added at short notice, following the
terrorist attacks in the United States on 11th September 2001, BBC World Service Extra (a
temporary service for audiences in the United Kingdom replicating the vernacular services
being transmitted by the BBC’s World Service to Afghanistan and the surrounding region on
short-wave).
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Our schedule information needs to
be reactive to changes in
programme schedules.
The system needs to be
adaptable as we deliver more
digital services.
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schedule information
Knowing what programmes are on and when is very important to today’s digital listener or
viewer who has many channels to choose from. Getting quality information about the BBC’s
programmes and services onto electronic programme guides, Now and Next banners and
interactive services is vitally important.

Delivering this is far from trivial, but the BBC is beginning to reap the benefits of joining up information
about programmes along the broadcast chain, from commissioning to production, through delivery,
planning, scheduling and transmission to the viewer or listener at home. The SID system plays a key
strategic role providing the interface between some of these internal business and technical systems and
third parties such as BSkyB, ITV Digital and Tribune.
SID is an old acronym for a cutting edge system. Unlike a paper listings guide, SID is reactive. This
means that changes to guests on programmes, snooker over-runs or late-breaking news programmes can
be reflected within the schedule information that digital viewers can see. For a programme like Newsnight,
where the topics and guests are not confirmed until the day of transmission, this is a real improvement.
SID has supported the BBC’s digital services in their evolution so far and is well placed to continue to
do so in the future. It is flexible enough to cope with not only new channels and channel changes but also
new ways of delivering schedule information.
This schedule information, or EPG information, is an example of metadata within the BBC. Metadata is
information about something, in this case information about programmes.

SUPPORTING THE EVOLUTION OF DIGITAL SERVICES
Within the last year, the BBC has launched several new digital television and digital radio services.
BBC Two now shows distinct national programming in Wales, Northern Ireland, Scotland and England. BBC
One now has regional news programmes on all digital television platforms. The radio services
BBC Five Live Sports Extra, 6 Music, Radio Cymru and BBC World Service Extra have all launched on
satellite. We are frequently asked to modify SID to add in the latest BBC channels.
Other, more extensive, additions to SID’s capabilities have been made over the past year. Some of the
BBC’s channels, CBBC, CBeebies, BBC Choice and BBC Four share the same delivery capacity at different
times of day. Only two of these channels can be on-air and showing programmes at any point in time.
SID controls the switching on and off of these four channels. It is a critical element in the broadcast
chain for these services, not only providing information but controlling the state of the digital television
stream. For the BBC, with its regional transmission architecture, commitment to platform neutrality and
complicated interactive television services, this is a quite a complex feat. With our help CBBC, CBeebies
and BBC Four launched successfully in February and March 2002.
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The satellite used by the BBC has a Europe-wide delivery footprint. However, the legal
rights owned by the BBC apply only to viewing in the United Kingdom and in some cases
only for geographical territories within the United Kingdom. The encryption used on satellite
can be used to ensure that people who live in a particular place can only watch the
programmes the BBC is allowed to show them. This system is known as conditional access
and its use can be controlled on a programme by programme basis through SID.
This has recently been extended so that BBC Worldwide can exploit the commercial
opportunity of selling the Northern Ireland versions of BBC One and BBC Two to satellite
viewers in Eire. Some programmes are restricted by rights agreements that mean they can
only be shown in Northern Ireland, whilst some programmes can be shown in both Northern
Ireland and Eire. Changes were made to SID at very short notice to enable this to happen,
just in time for coverage of the Irish FA Cup to be correctly transmitted.
To allow further commercial delivery of BBC services outside the normal United
Kingdom service area, the modifications made to SID allow for other conditional access
templates to be applied on an event by event basis.

TOOLS FOR THE VIEWER AND LISTENER
BBCi is the BBC’s interactive strand of content, delivered via the internet and interactive
television. The i-Bar is one of BBCi’s newest interactive television services. It launched on
satellite in Autumn 2001 and there are plans to launch it on other platforms soon. It
provides the viewer with further information about the programme they are watching
(enhanced programme content) and suggests other radio programmes, television
programmes or websites that are likely to be of direct interest to them.
Links to websites, e-mail addresses for programmes and references to related
programmes must be collated, reviewed and authorised before the BBC can publish them
on the i-Bar. Enhanced programme content must be researched, written and arranged
correctly so that it looks good in the interactive television application.
SID was successfully expanded to enable the sourcing, formatting and delivery of this
extra information. An intelligent search function was added to help generate links to the
most relevant of the 32,000 future programmes stored in SID’s database.
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Another BBCi service fed with information from SID is the What’s On website. This is
another tool to help viewers and listeners track down the programmes they are interested
in. SID schedules cover all the BBC services, from digital television to local radio.
SID has been an integral part of ongoing trials of personal video recorder technology
within the BBC. High quality schedule metadata is provided for Sky + and TiVo. SID also
provides a means for the BBC to indicate which of its programmes that are part of a series
or strand. This is useful to viewers using BSkyB’s Personal Planner or Sky + Planner or
TiVo’s Season Tickets. Furthermore, as the live system linking the playout of the BBC’s
services and the service information received domestically, SID can help indicate to the
viewer or their recording device exactly when a particular programme has begun or ended.
This is one of the benefits of digital television.
As schedule metadata is internationally standardised through TV-Anytime, SID
will provide a focus for the publication to viewers of the BBC’s future schedule information.

SID – THE NEXT GENERATION
Digital television was launched in 1998 and as it has grown, SID’s role in supporting it has
successfully expanded far beyond the initial requirements. Further extensions will be
needed to support the BBC’s growing portfolio of services and channels, to join up with
other BBC and third party systems and to send quality schedule data to yet more areas of
the United Kingdom’s flourishing digital landscape.
We are therefore developing the next generation of SID. It will use technologies such
as components and distributed architectures to build an even better system, an ever more
resilient and reliable part of the broadcast chain. As BBC Broadcast and BBC Technology
build and transform the new Broadcast Centres of the BBC, SID will help deliver a core
part of the BBC’s public service commitment to letting viewers know exactly what’s on
and when.
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Interactive service description
interface and engine.

36

April 2001 – March 2002

interactive services
Interactive television has now entered mainstream public awareness. BBCi is at the core of
our interactive offering. Enhancements to linear programming, such as Walking with Beasts
and Wimbledon, have really captured the imagination and have received critical acclaim
from the broadcasting industry and the viewing public alike. High-profile promotional
campaigns have signalled the BBC’s commitment to interactive services.
BBC R&D has played an essential rôle to help the BBC reach this position, working closely with colleagues
throughout the BBC and wider industry. We were the design authority for the technical architecture
necessary to achieve the launch of interactive services on the three main digital television networks in the
United Kingdom: terrestrial, satellite and cable. Furthermore, due to the relatively immature nature of the
market, and so limited availability of suitable equipment suppliers, we had to develop and integrate some of
the major system components within this architecture. We worked closely with the team at BBC Interactive,
helping to pilot proposals for new services. All this was essential to enable the BBC to become the first
broadcaster to have an interactive presence on all three of the country’s main digital television
delivery platforms.

ENHANCING LINEAR PROGRAMMING
BBCi (or BBC Text as it was previously branded) is well established on all three platforms. So the BBC has
now turned its attention to the use of interactivity to enhance linear programming, targeting a series of
events and programmes over the last 12 months, including the 2001 general election, Wimbledon, Open
Golf, Walking with Beasts, the FA Cup and Top of the Pops.
Each digital platform is exploited in different ways: there is multistream coverage on satellite,
personalisation and message boards on cable and synchronised information on terrestrial broadcasts. The
BBC needs to provide material which works on all the platforms, and which exploits the best features of
each network wherever possible. We used our knowledge of the capabilities of all three networks to explore
the feasibility of using this new functionality. The internal availability of a resource capable of undertaking
such an activity reduced the risks at a time the BBC needed to make commitments quickly and confidently.
We undertook essential upgrades to the technical architecture of all three delivery platforms to meet the
new requirements.

THE EMERGING MARKET
Despite its increased profile, interactive television is by no means a mature market. Looking specifically at
the United Kingdom, each of the three main networks has chosen different technologies to support
interactive services and each has deployed its chosen technology to its own timetable. The BBC has had to
develop both services and the necessary supporting infrastructure. This development was carried out as
three separate activities, on a network-by-network basis.
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This diversity creates two major problems:
• a separate version of each service needs to be created for each network –
essentially three applications need to be authored and broadcast. This is made
more complex by the fact that the functional capabilities of each network are not
identical, making the implementation less than straightforward,
• the open market in content currently enjoyed in traditional linear programming does
not easily extend to interactive content. It is difficult for the BBC to buy interactive
content developed by production houses and to sell its in-house developed
interactive content to other broadcasters.
We are attacking these problems both by influencing the evolution of the interactive
television environment and by finding innovative ways to live within it more effectively.

SHAPING THE ENVIRONMENT
In the longer term the situation may be improved by industry initiatives to try and
standardise the deployed technologies. In practice this may prove difficult for commercial
and operational reasons. Crucially, almost all of the nine million digital receivers currently
deployed in the United Kingdom are based on hardware that is incapable of supporting
these emerging standards. Those operators supplying receivers as part of a subscription
package would be faced with the costly activity of replacing their deployed receiver base.
At a time when the global economy is experiencing a downturn, and many of the operators
are focused on making some return on their investment over the past few years,
standardisation seems some way off.
So whilst we are active in the development of industry standards potentially leading to
technical convergence, we are also working hard to encourage operational convergence in
today’s market. We are well placed to take such a rôle on behalf of the BBC due to strong
links with industry groups and BBC production areas such as with BBC Interactive and
BBC News, through which we can stay abreast of the latest programme initiatives.

Interactive services being demonstrated at
our Open Days, 2001.
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LIVING WITHIN THE ENVIRONMENT
We expect that the coming year will see an even greater demand for interactive services
with a number of special events including World Cup and Commonwealth Games.
However, as this demand increases, it will become essential to reduce the time taken to get
each production to air. We also need to reduce the cost of creating and broadcasting each
enhancement, so ensuring best possible value for the licence fee payer. Since the
problems created by the current interactive television environment are unlikely to be
resolved quickly, the BBC will need to find ways to overcome these conflicting constraints.
Key to this is minimising the impact of the different deployed interactive technologies and
the need to produce multiple versions of a service for any cross-platform proposition.
One solution would be to use only the functionality common to all networks. However,
this ‘lowest common denominator’ approach is likely to result in services that compare
poorly with others on the same network. Instead the BBC has embraced the market
diversity and is committed to offering the best possible service, fully exploiting the
capabilities of each particular network.
In production areas within the BBC, this approach is already being adopted. However,
many activities have tight launch deadlines, necessitating a more pragmatic view.
BBC R&D is complementing such development with essential strategic work in two
key areas:
• maximising convergence of the systems supporting the playout and delivery to each
network. This should lead to a less complex and so a more maintainable technical
architecture, resulting in less downtime and reduced operating costs,
• exploring approaches that allow a single common description of a service to be
automatically mapped to multiple target platforms. This should lead to a reduction of
both development costs and the time taken to turn an idea into a live service.
The aim is to generate both real deliverables and valuable insight, which the BBC can use
to steer the development of its production systems and procedures.
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the evolving
architecture of television
Many of the efficiencies of digital television are available only if we consider the
architecture of the complete broadcast chain.
The technology used in broadcasting is continuing to change rapidly. Programmes are increasingly stored,
transferred internally and manipulated like large data files. Hard disk stores are replacing tape, and
specialised hardware is being replaced by software packages running on general-purpose computers. The
rôle of supporting data (metadata) is becoming increasing important. There is the possibility of joining up
processes, to avoid losing data or having to re-enter it manually. This may include stages not entirely
concerned with handling the programme content itself, such as scheduling. Open standards for the
representation and interchange of data are becoming important for interoperability, analogous to the familiar
standards such as PAL and MPEG-2 used for the broadcast signals themselves.

DELIVERY
The BBC offers digital television services to the licence fee payer through several delivery platforms. These
include terrestrial and satellite broadcast systems, cable systems, and also emerging broadband systems.
The challenge is to offer viewers service propositions with a similar look and feel, whichever platform
the individual viewer uses. The constraints of the digital platforms vary considerably, and the systems
architecture has to reflect this. For example:
• the capacities of terrestrial, satellite and cable multiplexes are significantly different,
• each platform delivers Digital Text in a different way. There are also differences in the delivery of
other services such as Subtitling,
• terrestrial and cable systems are well suited to regional programming, whereas satellite
transmissions illuminate the whole of the United Kingdom.
These differences have led to increasing separation between the systems we use to deliver satellite
and terrestrial services, and the linkage is now minimal.
Delivery to cable is still based on the re-use of satellite or terrestrial transmissions, with the exception of
interactive content which makes use of the natural return path available to cable operators and is delivered
to the viewer on request rather than by a broadcast carousel.
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NEW BROADCASTING CENTRES
The BBC is planning a new network playout centre in White City as well as a new
broadcast centre for BBC Scotland at Pacific Quay in Glasgow. BBC R&D has been
working closely with the project teams developing the technical specifications for the
new facilities.
If the BBC is to plan, produce and deliver programmes efficiently it is important that we
take informed decisions about the nature of broadcasting in the years to come, when these
and other buildings become operational. Buildings are likely to see several changes of
technology, and planning for change is an essential strategy.
We work closely with the BBC’s Technical Design Authority who are trying to ensure
that common technical standards, architectures and systems are adopted throughout the
BBC, that these represent and support best practice and meet the BBC’s requirements. As
proposals for new broadcast centres emerge, we are involved, helping to define the
technical architectures and systems that are deployed. These will offer the BBC the most
efficient and up-to-date technologies compatible with the underlying business needs and
requirements – some of which result directly from ground-breaking work undertaken at
BBC R&D. We are supporting a coherent and consistent approach towards the technical
systems, standards and interfaces within and between the new centres.
We are a major contributor to the outline technical architecture for the Pacific Quay
project. We have also modelled the processes in the value chain. This model will be
available to inform decisions about the introduction of new technology and systems into the
broadcast process.

Artist’s impressions of the
Pacific Quay project.
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NEW BROADCASTING CENTRES
The BBC is planning a new network playout centre in White City as well as a new
broadcast centre for BBC Scotland at Pacific Quay in Glasgow. BBC R&D has been
working closely with the project teams developing the technical specifications for the
new facilities.
If the BBC is to plan, produce and deliver programmes efficiently it is important that we
take informed decisions about the nature of broadcasting in the years to come, when these
and other buildings become operational. Buildings are likely to see several changes of
technology, and planning for change is an essential strategy.
We work closely with the BBC’s Technical Design Authority who are trying to ensure
that common technical standards, architectures and systems are adopted throughout the
BBC, that these represent and support best practice and meet the BBC’s requirements. As
proposals for new broadcast centres emerge, we are involved, helping to define the
technical architectures and systems that are deployed. These will offer the BBC the most
efficient and up-to-date technologies compatible with the underlying business needs and
requirements – some of which result directly from ground-breaking work undertaken at
BBC R&D. We are supporting a coherent and consistent approach towards the technical
systems, standards and interfaces within and between the new centres.
We are a major contributor to the outline technical architecture for the Pacific Quay
project. We have also modelled the processes in the value chain. This model will be
available to inform decisions about the introduction of new technology and systems into the
broadcast process.

With over one third of households in the United Kingdom now
equipped to receive digital television, it is important that we
know our digital services are being correctly transmitted.

One of the tools used for this is the Bitmon equipment, which checks the
technical compliance and constitution of our digital terrestrial and
satellite transmissions. Bitmon checks only the formal structure of the
signals. Faults such as a blank screen, a frozen picture or incorrect
sound would present a perfectly ‘legal’ bit stream to Bitmon. Therefore,
we are investigating techniques that allow the content of the signals to
be examined. Through this work, we are developing specifications, and
encouraging the industry to develop suitable systems.
We believe the most promising method of monitoring content is to
match low bit-rate ‘signatures’ of the signal at key points in the
programme chain. A signature captures a pre-defined characteristic
feature of a broadcast. As signatures are usually much smaller than the
original data they represent, they can be returned to the monitoring
centre efficiently via a variety of routes.
Tests of such a system have proved successful. We used
commercial software modified at our suggestion to adapt it from its
original application, with additional software written by us to synchronise
between two live video signals. Synchronisation must allow for any
variations in the latency of the link conveying the signature. The same
link cannot be used for both signal and signature, or routing errors will
go undetected. The signatures are sensitive to anamorphism, and can
also be used to detect aspect ratio conversion errors.
It has proved harder to achieve reliable results with the audio
signals, mainly because it is more difficult to synchronise, but now we
are finding solutions to this challenge.

Artist’s impressions of the
Pacific Quay project.
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signing
The Broadcasting Act requires that a proportion of commercial digital terrestrial
programmes in the United Kingdom should be signed and that the proportion rises to 5%
after ten years. It required that ‘All important gestures that convey meaning through sign
language must be easily and accurately recognised’. The BBC has declared its aim of at
least matching the requirements of the ITC guidelines.

Since October 1999 the BBC has been providing programmes with open signing (i.e. the signer or
interpreter is seen in vision by all viewers), some as overnight repeats. As the quota ramps up, an
increasing proportion of signed programmes will need to be transmitted during peak-time viewing. So the
need for a delivery system for closed signing may become more pressing (with closed signing,
the suitably-equipped viewer elects to see the signing image; other viewers need not see the signing – cf.
closed subtitling).
To be credible any candidate method of closed signing must be practicable, delivering a sensible
consumer proposition with user-acceptable quality of service and while being simple to originate, distribute,
receive and use. It must also be sustainable – able to cope both with increasing quotas and with linguistic
changes in British Sign Language whilst avoiding legacy problems for broadcasters and users. Thirdly it
must be affordable – for users in terms of the cost of receiving equipment, for broadcasters in cost of
production and delivery and for multiplex operators in terms of bit-rate.
At BBC R&D we have been investigating the significant challenges faced in the development of an endto-end solution for producing and delivering closed-signing as an additional service component for deaf
viewers of digital services. Our research has provided us with a fuller understanding of the issues
surrounding the capture and coding of closed-signing images and how these can be manipulated, played
out and delivered to the viewer. We need a system that is bit-rate efficient, which is consistent with the
conflicting constraints of the limited capacity available within the multiplex and the distribution network, but
which meets the requirements for delivering the service. We have been looking at a number of candidate
technologies, including MPEG-4 vision coding and avatar-based coding, and are working in collaboration
with the European VISICAST Project.
An important constituent of this chain is the delivery mechanism. To read British Sign Language, users
continually watch the eyes and face of the signer or interpreter whilst following the movement of the signers
hands. Facial detail and motion rendition are therefore very important. Any method of image coding or of
signing representation must preserve these details sufficiently to allow unequivocal understanding of the
message to be conveyed without viewer fatigue.
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Coding real camera images has the benefit that similar methods can be used for
authoring open and closed signing signals. The MPEG-2 coding method is directly
compatible with the technology of existing digital television receivers, but requires a
significant bit-rate (between 0.5 and 1 Mbit/s per channel) if it is to sustain an acceptable
signing image without undue constraints on production methods or signing image size. This
bit-rate would preclude signing on more than one channel per terrestrial multiplex. Our
computer simulations show that, using new coding techniques (such as the MPEG-4 tools
for real video), quality signing images with full-screen resolution should be attainable for
350 kbits/s or less. Such tools would require a signing stream to be decoded (in software)
in a suitably equipped decoder.
Animation techniques using so-called ‘avatars’ offer the promise of really low delivery
bit-rate (below 100 kbits/s) since they deliver motion primitives to the receiver where
software builds and renders the avatar. At present the challenges to using avatars include
motion capture of the signer (and inter alia compatibility with open signing). Further
development work is being carried out in collaboration with the European VISICAST
project. The aim is to produce an avatar system which can be implemented in a credible
receiver platform and deliver readable signing which is acceptable to the wider signing
community. Whilst they may have other broadcast applications, avatars are particularly
attractive for closed signing since the low bit-rate should guarantee complete freedom to
schedule programmes with signing simultaneously across the multiplex and thereby offer
greater programme choice to the deaf viewer. We are working to ensure that broadcast
applications of avatars (including signing) can be implemented in a bit-rate frugal form
which satisfies the known system requirements and delivers the appropriate service to the
BBC’s audience.
Both MPEG-4 video coding and avatars will require specific processing capability in the
decoder and the timescale for suitable consumer equipment will be crucial to the delivery
of signing in significant volume during peak-time viewing with relative freedom of
scheduling. Finding additional broadcast applications for this type of technology will
increase the chances of this happening.

We have developed a tool called ‘Beagle’
for measuring bit-rate and other stream
statistics accurately.
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o p p o r t u n i s t i c d a ta
It is difficult to assign guaranteed capacity to a single service in a digital multiplex, but there
are sometimes opportunities for delivery of additional services, especially if they are not
time-critical.
Subtitles on digital terrestrial television are provided using bit-mapped graphics. This has significant
advantages over the earlier teletext system used for CEEFAX, not least in the quality and uniformity of
presentation and the legibility that can be attained. Almost inevitably this is at the expense of the peak bitrate which must be assigned to the subtitle component of each service in order to ensure timely delivery.
For each BBC service we allocate 100 kbit/s for subtitles.
The natural cadences of subtitling (live or prepared) are such that the average bit-rate requirement is
considerably less than the peak rate. We can re-assign the unused capacity. After transmission of a preprepared subtitle the viewer will need three to five seconds to read the text. During this period the subtitle
data is not retransmitted – the memory in the receiver makes this unnecessary. The net result is that the
average bit-rate for prepared subtitles is typically less than 10 kbit/s whereas for live subtitles it is typically
less than 30 kbit/s per channel. Unused bit-rate from subtitling can be reallocated to supplement other
applications for which the exact time of delivery to the receiver is less important.
To evaluate this and other examples of multiplex occupancy BBC R&D has developed a tool called
‘Beagle’ for measuring bit-rate and other stream statistics accurately. The equipment takes one of three
forms: an integrated device with embedded computer, a module that plugs into a standard PC and a PCI
board. It separates the functions of measurement and of analysis. This allows us to use both standard and
bespoke software tools to investigate the statistics of bit-rate usage. Beagle has also been used to optimise
the use of video bit-rate and is an invaluable investigating tool for problems on our digital transmissions. In
the future it may also serve as a platform for monitoring the components of access services too.
Using Beagle we have made long-term analyses of subtitling on our terrestrial services and have
used this data to develop a model for actual bit-rate requirements.
Across the five television services on the BBC multiplex we estimate that, averaged over any five
second period, between 300 and 400 kbits/s of unused subtitling bit-rate could be harvested. This may then
be used to enhance services that are not time critical such as some BBCi data and to provide a resource for
improved schedule information to support electronic programme guides.
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spectrum management
Our aim is to facilitate the delivery of the BBC’s programmes, enabling us to ensure we
reach as many of the population of the United Kingdom as possible.

SPECTRUM MANAGEMENT
The use of radio frequency spectrum is a topic of vital importance for broadcasters. The BBC, as a
respected public service broadcaster plays an influential part in the efficient management of
broadcast spectrum.
The government has commissioned a wholesale and searching review of spectrum management in the
United Kingdom led by Professor Martin Cave, and in December 2001, Kim Howells, the Minister for
Broadcasting, announced a three month consultation on television spectrum planning. Part of the reason for
the government proposing tight timescales for switch over from analogue to digital television is to reach a
position where we can release spectrum for new services – which may be more television or something
completely new. Putting these developments together, there is increasing pressure on broadcasters to
make more efficient use of spectrum. We are being encouraged to move quickly, but this must not be at the
expense of our ability to deliver a full range of services to all our licence payers.
The growing interest in frequency management from the government serves as a reminder of the
importance of spectrum as a scarce, national resource. In November 1922, the BBC opened its service with
three stations, one each for London, Birmingham and Manchester. Spectrum planning was easy, as each
station could work on a unique frequency. Now, eighty years later, there are more than six thousand
transmissions on-air in the UHF bands (470-854 MHz) just to provide television across the United Kingdom.
With all the talk of encouraging efficiency in the use of spectrum, and the methods of achieving this, the
reality of day-to-day spectrum planning, its difficulty and the utility already achieved is often drowned out or
forgotten. Interleaving four universal analogue television networks, one moderate-coverage analogue
network, six high-to-medium coverage digital networks, and more than ninety restricted service licences
(providing a local service in some areas), whilst also providing spectrum for programme-making uses (such
as radio-microphones and outside broadcasts), is an enormous task. There are similar challenges with
radio. Our work has been a foundation for the efficient and effective use of broadcast spectrum in the
United Kingdom.

SERVICES ANCILLARY TO BROADCASTING
Although the television spectrum is already put to great use we also make extensive use of the same
spectrum for making programmes. These operations are known as ancillary services and cover, for
example, radio microphones, studio talkback links, sound contribution links and radio cameras.
The BBC uses spectrum within bands specifically assigned by the government and parts of the
television bands which can’t be used for broadcasting in a particular area. The allocation of frequencies is
handled by the JFMG Ltd (who are licensed by the government to provide a service to all broadcasters).
We provide them with the enabling information on the broadcasters’ use of spectrum. We also offer
front-line support to our colleagues elsewhere in the BBC in identifying suitable blocks of spectrum for
their requirements.
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television
The challenge is to provide a mechanism which enables us to make the transition from
analogue to digital television, providing a quality service to our licence payers throughout
the process of change.

DIGITAL TERRESTRIAL TELEVISION
The government would like to achieve digital switch-over (by which is meant the slightly blunter ‘analogue
switch-off’) sometime between 2006 and 2010, and we need to accomplish the transition with the minimum
of disruption to our viewers. For terrestrial services, we need a plan for a complete digital network, and a
method of introducing the new transmitters smoothly. In particular we need to ensure that viewers can
migrate from analogue to digital services over a reasonable time period.
Much work has been undertaken since the first digital broadcasts in the United Kingdom in 1998, both
within and outside the BBC, to determine the likely coverage after the cessation of analogue broadcasting.
These theoretical studies have often assumed a stylised group of transmitting stations – for example 128 of
the key sites in the United Kingdom – allowing easy comparison between different variables. Now we have
calculated the coverage achievable by something approaching the entirety of our television transmitter
network. In the ‘1000 Station Project’, we investigated the possibilities for using the existing analogue
assignments converted to digital (under internationally accepted procedures) at networks of 80, 110 and
758 stations. This demonstrated that the trend we had expected was true in practice: that 80 stations could
provide coverage of 94% of the population; that a further 30 stations provide an additional 1.25% coverage;
and that the 758 stations provide a good approximation to ‘universal’ coverage (by which we mean similar
to today’s analogue coverage).
The future of digital television is a complex issue involving many different organisations. We have been
actively participating in many cross industry initiatives to assist the process. For example the GO DIGITAL
project, which aims to convert about 300 households in the West Midlands to digital television, will give us
first hand experience of the issues experienced as whole areas make the transition from analogue to digital
reception. We played a key rôle in a successor to the ITC’s GENESIS project, modelling the performance of
an all-digital network devised and planned for The Digital Network, the organisation of digital broadcasters.
The all-digital future is getting closer. In its consultation paper of December 2001 on spectrum planning,
the government re-affirmed its view that the ‘aggressive’ timescale (with switch-over starting in 2006) is still
a possibility. Five years to expand and consolidate the network, to manage its performance, and to drive
take-up is a tight timescale.
The plans for multiplex coverage equalisation are now complete. Equalisation is the name given to the
work to improve the coverage of the original 80 station digital terrestrial network. By planning channel and
antenna changes where possible, and by increasing the radiated power across the network, we could
deliver services to over four million more people. BBC R&D was the lead planner for the south-east region.
Our plans are now with the broadcasters for their approval and comment and, if implemented, would
increase coverage by half-a-million households in the south east alone. Similar benefits are expected
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throughout the country. Equalisation forms one of the keystones of the government’s Digital
Action Plan, a process aimed at bringing digital television to the whole of the
United Kingdom.
A simple way of increasing coverage is to increase the power of transmissions. Building
an interleaved network of analogue and digital services means that each can cause
interference to the other; given that analogue is the dominant delivery method for television
in the United Kingdom, care was taken to protect analogue services by restricting the power
of the digital broadcasts in some areas. As digital television has been growing in popularity,
the digital broadcasters wished to see what would be the practical effect of increasing the
power at five key broadcast stations. A trial began in the summer, with Crystal Palace
(serving London), Sutton Coldfield (serving the West Midlands), Black Hill (serving
Glasgow) and Oxford transmitting double their original powers. The fifth site, Pontop Pike,
on the outskirts of Newcastle-upon Tyne, had a major power increase on only one

Inside one of our
survey vehicles.

multiplex. The trial aimed to determine the effect on analogue television reception and to
understand what effect this power increase would have on the reception of digital services.
Broadly speaking, the trial seems to show about a 50% reduction in the number of visible
picture errors produced on digital television in some areas after the power increase. This is
significant, and now the digital broadcasters have asked the planners to consider how the
trial might be extended, and perhaps even made permanent. This can only be done with
agreement by our international neighbours.
International co-ordination is an important part of our work. In the analogue domain,
procedures exist to allow the co-ordination of new transmitting stations without much fuss;
the United Kingdom, for example, has succeeded in gaining agreement for around 1500
analogue television transmitting stations. For digital broadcasts, the procedures don’t exist
in quite the same form and, as a consequence, most agreements are hammered out at
bi-lateral meetings between administrations in neighbouring countries. We regularly meet
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the Irish, Belgian, French and Dutch administrations, undertaking between meetings to
make extensive calculations of the interference potential of their proposals and they of ours.
We are now at an interesting cross-roads as our neighbours are approaching the same
situation as we found ourselves in five years ago: governments are licensing multiplexes
and preparations are being made for the opening of new services. As a consequence, we
are seeing many more requests for the evaluation and agreement of continental networks.
Our own services are now broadly accepted.
An international planning conference is being scheduled which will build on the
processes agreed already for co-ordination of analogue television, and provide a new
framework for digital terrestrial television. This conference will take place in two sessions –
the first part in 2004 will decide on the planning principles and parameters to be used. The
second session, currently envisaged for 2005, will adopt a new agreement and an
associated frequency plan for terrestrial digital radio and television broadcasting.

Initial preparations for the Conference have already started – the DigiTAG (digital
television) and WorldDAB (digital radio) organisations are contributing to studies
concerning future service requirements. It is anticipated that these will form the foundations
for the planning studies. The more technical issues are being addressed by broadcasters
within the EBU and by the CEPT whose member administrations are concerned with
planning for harmonised and effective use of radio spectrum in Europe. BBC R&D is one of
the few participants in all these groups, and is thus in a strong position to ensure that there
is a satisfactory outcome for public service broadcasting in the United Kingdom.
One of the parameters available when negotiating international agreements is the
ability to shape the radiation pattern of a transmitting antenna. This allows us to minimise
the amount of signal broadcast in directions where it could cause interference to
neighbouring countries, whilst maximising the signal broadcast towards our viewers. It is
only recently that broadcasters have adopted the technique of shaping the vertical radiation
pattern for this purpose. Now we have used the technique to improve coverage of digital
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television to the south of London. Measurements of reception of Crystal Palace
transmissions in France and the Netherlands have shown good agreement between the
theoretical predictions and the reality, giving us confirmation of the value of the technique.
Some people have experienced impairments to reception of digital terrestrial television,
caused by impulsive interference. This interference, caused usually by short-time sparks
within domestic electrical equipment and ignition systems, has the potential to cause severe
disruption to digital reception. Whereas, on an analogue television picture the effect is a
burst of noise on the picture, on a digital television it can cause picture break-up and muting
of the sound. Our work has focussed on laboratory simulations and measurements and the
comparison of these to the effects in the real world, found by measuring inside and outside
volunteers’ homes. The field strength that is needed to overcome impulsive interference
depends on many factors, for example the quality of the installation, the amount of noise
generated both inside and outside the home as well the proximity of equipment to the
feeder and the antenna. In general, we find that considerable improvement in reception can
be obtained by the use of good-quality cable and co-axial wall plates.

ANALOGUE TELEVISION
A statistic that is often quoted is that, by the end of 2001, 40% of the country lived in digital
households. The corollary to this is less often cited: 60% of the population still rely on
analogue television to provide the service to their main television set. Of course, when
feeding second and third sets is considered, the percentage of the population relying on
analogue means is vastly higher. So we maintain an active interest in the continuing
integrity of our analogue network. Indeed, this work shows little sign of abating. More
stations with restricted service licences are coming on-air, more windfarms are being
planned (taking advantage of the government’s subsidies for green energy) and the
transmission providers are finding more demand for mast aperture. For each proposal the
potential impact on the network must be assessed. With our transmission providers often
acting for the operators of the restricted service licenses and having a vested interest in the
use of their mast space, it remains vital that the BBC should have its own experts able to
assess the likelihood of problems.
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We are seeing an increasing number of planning applications for windfarms. We share
responsibility with the ITC for the assessment of these proposals. Our assessments
revealed that around half of the proposals we have seen recently could have had a
detrimental impact on the reception of analogue television. We communicate our findings
back to the energy companies, for them to commission further work or investigation (and
the suggestion, if necessary, of remedial action) from the transmission providers.
The other great threat to analogue reception is the construction of tall buildings. We
monitor many new developments which may affect reception (including the BBC’s own
plans for its White City establishment). Our colleagues in BBC Reception Advice have been
particularly concerned by the construction of two office blocks in Canada Square, London,
home of what is popularly known as the Canary Wharf Tower. These large blocks are just
two of a number of buildings planned for that area of Docklands. Analogue reception in
some places is severely compromised, and it is likely that reception of digital television
may provide the best solution in future. However, until the development is complete, it is
not possible to say with complete certainty that digital television will provide a solution.

Restricted service licences for television may last up to four years, in contrast to radio
where a restricted service licence lasts for a maximum of four weeks. Each of the twenty
proposals last year had the potential to cause interference to other broadcast
transmissions, and so had to be checked with some care.
Although our national network of analogue television transmitters is now complete, a
new local analogue television service for the Isle of Man, consisting of a single programme
service from three transmitters on the island, has been proposed by the Manx
Communications Commission. These have to be carefully considered too, to ensure that
other services remain protected. We also provide assistance to communities undertaking
‘self help’ schemes (where a community can fund its own low-powered relay transmitting
station). With the flurry of site moves and mast changes requested by the transmission
providers for them to implement new telecommunications systems, and the impact of digital
television on the analogue network, it is clear that we still need to retain our analogue
television planning skills.
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radio
The BBC is being pressed to deliver a wider variety of services than ever before. Its
international, national, regional and local services are all in demand. Wherever there is a
gap in the coverage, BBC R&D is asked to find an answer. In bands which are already
crowded, this task is becoming more difficult.

EXTENSION OF THE BBC’S DIGITAL RADIO NETWORK
BBC R&D was instrumental in developing the digital radio system that is currently in operation in the United
Kingdom. Beginning with test transmissions in the early 1990s, the BBC launched national Digital Radio
services in September 1995. By 1998 a network of 29 transmitters had been established, serving an
estimated 60% of the population and covering the majority of the principal motorways.
Because of the long-term strategic nature of the spectrum planning process, and in order to maintain
the BBC’s ability to respond flexibly to external developments, we did not stop planning digital radio
services once the first phase of transmitters was complete. We predicted that as receiver prices began to
reach affordable levels, and as the coverage of commercial national services operated by Digital One
expanded, there would be strong pressure to extend our network. We maintained contact with interested
parties at both national and international levels, meeting regularly with the Radio Authority, Digital One and
the transmission providers ntl and Crown Castle. This meant we were able to advise BBC Radio about how
the next phase of expansion might be accomplished.
Targeting areas of high population is not the only factor to consider when making choices about which
areas should be served next. A prime consideration is to maintain continuous coverage, wherever possible,
so that new areas are not isolated from the main coverage areas. As digital radio is designed for
improved mobile reception, coverage of roads is considered important. Receivers will soon be factory-fitted
into vehicles.
In collaboration with BBC Radio, we have identified particular areas as likely targets for further coverage
in the near future. The M5/M4 corridor, Morecambe Bay and the Pennine Belt originally came top of the list.
International clearance had already been obtained and transmitters in these areas could be built at
relatively short notice. The south coast of England is also a prime target. We expect that more than fifty
additional transmitters will be needed to satisfy the BBC’s publicly announced coverage target of 85% of the
population of the United Kingdom.
Already the original network has been expanded with three additional transmitters built at Hemel
Hempstead, Craigkelly and The Wrekin, bringing the present total on-air to 32.
We have been invited by the Radiocommunications Agency to support the United Kingdom delegation in
preparations for an international planning meeting in Maastricht, now scheduled for June 2002. This
meeting will seek to allocate a further seven frequency blocks for terrestrial digital radio in L-Band
throughout Europe, in order to meet the demand for new services. As yet there is no commitment from
government to release any L-Band spectrum for services in the United Kingdom, but at this stage we seek
to keep all options open. If such spectrum is available, it is best suited for providing local radio coverage.
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CEPT is the organisation in which European administrations discuss radio regulatory
matters. It alloted two frequencies in Band III for the United Kingdom. They are used to
provide public and commercial national network radio services. The Radiocommunications
Agency has since granted a further five allotments to enable local radio services to be
established in the United Kingdom. All seven allotments in Band III form a contiguous band
of spectrum between 217.5 and 230 MHz, with the local frequencies interspersed around
the national frequencies. The frequencies of the five local allocations are re-used
throughout the country for different digital multiplexes. In order to maximise local coverage
by this means, one or more transmitters are used to form local networks. The Radio
Authority was made responsible for licensing these local services and for overseeing
their planning.
In early 1996, the BBC was eager to roll-out its national network beyond London and
plans were submitted to the national Radio Planning Group for approval. At that stage the
Radio Authority expressed concern that the relatively high powers being proposed for the
BBC national services might not be compatible with the growth of digital local radio because
of adjacent channel interference. This interference occurs when a receiver cannot
adequately reject another signal in an adjacent frequency channel. The Radio Authority
wished to reserve the right to develop local radio at sites independent from those targeted
for national services. Therefore particular care would be needed to protect local services
from interference in those areas lying in the vicinity of national transmitter sites. In order to
encourage the growth of local radio at that time, the BBC agreed to a list of sites which
local radio could use, on the basis that any interference caused would be manageable.
Now local radio services are on air, we have been able to make measurements in some
of the critical areas of the country to confirm the extent of interference likely to be caused.
A start was made in north London, where it was proposed to move an assignment from
Northwood to Mount Vernon. Since then we have surveyed coverage in central Manchester,
working together with the Radio Authority, ntl, and Crown Castle in this study.
There is now general agreement about the extent of the actual interference. This agrees
broadly with our predictions. The same parties have drawn up and agreed guidelines for
dealing with similar situations in other areas of the country. The guidelines help to identify
those areas where a new site can be accepted and pave the way for compatible expansion
of local and national radio stations. Nevertheless, dense urban areas pose a real challenge.
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ANALOGUE LOCAL RADIO
The BBC has been steadily expanding its local radio services on FM in Band II but there
are still significant gaps in coverage in many parts of England. Local radio managers are
only too aware of these shortcomings through frequent pleas from the general public to
improve coverage. Until digital radio is able to supplant FM universally, there will continue
to be pressure for new FM transmitting stations to satisfy listeners who are currently
unable to receive the BBC local services they expect.
Our planning standards are based on technical criteria that were internationally agreed.
There are some external voices who would wish to compromise these standards in order
to increase the number of services in the already crowded Band II spectrum. An interesting
example is the re-planning of this band in the Netherlands which we have been
carefully monitoring.
We seek to maintain the existing standards. We believe that they offer the quality of
service that our listeners expect. However, the pressure for change is mounting. Those
advocating change cite the fact that some modern receivers perform far better than their
counterparts twenty years ago. Whilst accepting that there have been improvements in
receiver design, we acknowledge the large number of older receivers still in use by the
public and therefore believe that there is need for caution in proceeding with any change of
the existing standards.
Prior to the advent of FM, many BBC local radio services were implemented using
AM in the medium-wave band. Coverage is still supplemented in this way in many areas.
However, since the Radio Authority took over responsibility for managing these
frequencies and transferred some frequencies, formerly used for BBC local radio, to local
commercial services, there are now gaps in BBC coverage where previously there was an
acceptable service.
BBC Local Radio gave priority to more than a dozen areas which they recognised as
having coverage deficiencies. Planning work has now halved this total. Each new plan
represents a potential benefit which is realised when the associated transmitters are built.
A filler station for BBC Radio Cumbria at Keswick, planned at the end of last year, came on
air in October 2001 and is estimated to serve around 7,000 people.
The considerable increase in the number of national and local radio services occupying
the FM band means the band is virtually saturated in some areas. A government-initiated
FM spectrum review confirms this: there are no frequencies available for any fresh citywide services in most urban areas. The sub-band structure adopted by the BBC and the
Radio Authority in the past, to safeguard public awareness that spectrum is differentiated
between national and local services, is already beginning to be compromised as more local
services are planned in the national sub-bands. One such scheme is ‘Access Radio’ which
is proposed to support services of less widespread public appeal, targeted at small
coverage areas in key conurbations.
In response to the Government’s request for the Radio Authority to explore how to
meet the needs of Access Radio, the BBC has been consulted about a pilot for this
proposed scheme. This has the potential to provide services which will meet a distinct
community need. It is generally recognised from the start that protection of existing
services from interference is of paramount importance. Whilst in principle we advocate
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acceptance of the new initiative, we have concerns about proposals to introduce some of
these temporary transmissions in the frequency sub-bands currently used by BBC national
and local services. However, we believe that the BBC’s interests are best served by
co-operating as far as possible.
Two frequencies in the BBC sub-bands have been offered for a one-year pilot.
A rather special requirement is for a temporary radio service from the BBC to cover
the Greater Manchester area during the summer 2002 Commonwealth Games. We have
proposed an FM frequency in the BBC national sub-bands for this purpose. Because of
the relatively short duration of this event it was possible to reach international
agreement quickly.

MEDIUM-WAVE PLANNING
The BBC’s Asian Network service is delivered in a variety of ways: digitally via satellite, on
BBC GMR in the Manchester area using FM, and then in several parts of the country in the
medium-wave band. In some of these areas the service is not available 24 hours a day.
Even with these different delivery means, access to the service is difficult for many potential
listeners. The nature of the medium wave band is that propagation is by ground-wave
during the day and by a combination of ground-wave and sky-wave at night. The day-time
service is relatively stable but, at night, interference from other co-channel and adjacentchannel services (from all parts of Europe) can cause the coverage area to shrink
appreciably. The use of the medium-wave band offers the only practical short-term solution
for further expansion so we are planning extensions to the coverage, concentrating on
London, Manchester and West Yorkshire, in that order of priority.
Congestion of the medium-wave band makes finding frequencies for new or extended
services extremely difficult. The only options available are to see whether existing services
can be delivered by some other means (generally this means via FM), or to re-use an
existing Asian Network assignment in another part of the country by synchronising the
frequencies of several transmissions carrying the same programme.
For services in central London we first considered re-using 1368 kHz that is used by
Southern Counties Radio at Duxhurst in Surrey. The second, and preferred solution, is
based on re-using 837 kHz that is already used for the Asian Network at Leicester. Two
synchronised transmitters would target Asian communities at Bow and Ealing, and would
provide daytime service areas of around 5 km radius but reducing considerably at night.
The transmitters would be arranged so that the ‘mush areas’ would occur in areas with few
listeners. The powers of the transmitters would be chosen to prevent interference to
other services.

SPAGHETTI is a valuable,
new prediction tool for
spectrum management.
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s o ft w a r e t o o l s
We make extensive use of software tools, to predict coverage and interference for selected transmitters.
As the tools have become more sophisticated we have put greater reliance on computer prediction
methods over the classical site-test and survey approach of the past.
This is not to say that field work is becoming unnecessary: in some circumstances prediction tools are not sensitive or
accurate enough to provide sufficient detail of existing coverage, and sometimes it remains necessary to validate the
prediction methods.
We have a variety of software tools and databases that have been developed over the years to meet the specific needs of
spectrum planning for television and radio. These include:
• tools for prediction of coverage and interference for terrestrially-broadcast radio and television services,
• tools for logging and analysis of survey measurements,
• and specialist software for use at planning conferences.
All are supported by transmitter, terrain, coverage and population databases developed and maintained over many years.
We retain development in-house so that we understand the prediction algorithms used to determine service coverage and
the limitations, constraints and accuracy associated with the prediction process. This strengthens the BBC’s ability quickly to
respond to its own needs and gives the BBC credibility and influence in spectrum planning circles.
Our new flexible suite of objectoriented software tools, SPAGHETTI, is expected eventually to replace many of the
existing tools. It offers a new, flexible and improved spectrum planning prediction tool. There is desk-top access to relevant
stored information and an integrated geographical information system. This allows the user to select geographical areas of
interest and provides high-quality base maps on which the results of prediction calculations are overlaid. SPAGHETTI will
enable us to use new, improved and more sophisticated path-loss prediction algorithms and better methods for analysing and
displaying results, as well as offering a twin-track approach preserving the older tools that are still in demand whilst exploring
new techniques to keep abreast of current software practice.
Path-loss prediction is a vital part of the process. Although the overall performance of our existing model is adequate for
most purposes, the absence of detailed clutter information can lead to uncertainties in the prediction of path loss, particularly
in urban areas where the receiver is surrounded by tall buildings etc. The original work in the 1970s did not have access to
sufficiently accurate clutter data, so it was not possible to use such information in our predictions. Now we have made a
separate assessment of an improved version of our model incorporating a new algorithm using a small amount of clutter data
and measurements available from the London and Bristol areas. The results indicated a noticeable improvement over the
model without clutter information. Confidence from this investigation led to our purchase of high-resolution clutter data for the
whole of the United Kingdom.
We hope further to enhance and develop our software prediction algorithms to deliver a greater accuracy through
DIGIPLAN, a collaborative project involving the University of Surrey.
Our work on propagation models has put us in a strong position to work with ntl and Crown Castle in the Joint Planning
Project to develop a common prediction model for use in the studies of digital television coverage.
Over the years, some inconsistencies have come to light concerning parts of the long-standing set of site non-specific
prediction curves defined by the International Telecommunications Union. Now the ITU has agreed a new process which
defines information in a tabular format that is more suited to modern computing practice.
Separately, we have also investigated the algorithms used in our existing long-wave and medium-wave prediction tools to
meet the increasing number of requirements for the use of these bands. Digital Radio Mondiale, the new digital radio system
proposed for use in the lower frequency bands, is one of the first beneficiaries of this development.
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the television
of the future
The digital revolution is now starting to affect the way we receive and use the BBC’s output.
The new receivers must help you to find the programme you want, whether live or
recorded, linear or interactive.

WHAT YOU WANT TO WATCH – WHEN YOU WANT TO WATCH IT!
As the processing power and the capacity of hard disk storage increases, consumer equipment is taking
advantage of these technologies. The practice of storing programmes on a hard disk for instant access, the
temporary pausing of live programmes and easy capture with a personal video recorder is becoming well
established. As the technology gets cheaper, these devices will make their way into more and more homes.
This will change the way that viewers and listeners select programmes to watch, and how they are
watched. As a consequence, this may change the way that programmes are scheduled and delivered.
In order for all our viewers and listeners to take advantage of these technologies, we need
standards for:
• the data that describes programmes,
• the delivery of the data to receivers,
• the functionality of receivers.
We are working with international, open standards bodies such as TV-Anytime and the DVB group to
develop these technologies. We are also working with industrial partners in collaborative projects such as
myTV to develop prototypes of end-to-end systems.

TV-ANYTIME
The TV-Anytime Forum aims to deliver the vision of ‘what you want to watch, when you want to watch it’.
When we are choosing content to record there are two separate processes: first we select the content
through the use of information describing the programme, and then there is the acquisition of that content.
The TV-Anytime project recognised these two elements and developed a system to provide them. TVAnytime developed the structure and semantics of information describing the programme (called attractors)
and the data which identifies the actual time and channel of the broadcast. This structure recognises that
we may broadcast several instances of the same programme and that the programme may form part of a
wider series or group of related programmes.
A successful TV-Anytime system requires a technological framework to protect the rights of content
makers and rights holders of the digital stored content after distribution to the home.
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MULTIMEDIA HOME PLATFORM
Although many digital television services have been launched there has not been a
consensus on the format for interactive television applications. This has meant that
consumers are unable to access all services with a single receiver system. To resolve this
problem the DVB project has recently developed a new platform for interactive television
called the Multimedia Home Platform. This open standard is designed to address the
requirements of both commercial and public sector broadcasters.
The Multimedia Home Platform has advanced with the development of a version which
provides additional capabilities, including a new profile for internet access. We have also
explored the technology in the myTV project, integrating personal video recorders with the
home platform. The resulting equipment will be a powerful source of entertainment in the
home of the future.
To be successful the new platform will have to achieve widespread adoption. If this
happens it will look increasingly attractive as an upgrade path in the United Kingdom. This
year has seen the launch of the first live services in Finland and another eight countries
have expressed a commitment to the platform.

USER TESTING
The user testing laboratory at BBC R&D provides an environment where we can monitor
people’s reactions to new technology and new content styles (such as web pages or
interactive programmes). The facility has been in use for over a year and has been
particularly useful for the work in the myTV project.
The laboratory has also been used by a large number of BBC people, including
BBC Imagineering, BBC Information & Archives, BBC Factual and Learning, and BBC New
Media. In these cases, staff from the projects have come to BBC R&D to see how their
websites or services are actually used. Always an enlightening experience, this information
has led to the redesign, or aided the initial design, of a number of BBC projects.
A series of user tests throughout the development of the BBC’s downloadable navigator
has allowed the design to be refined in response to user’s reactions. Further work that
explores the problems of personalisation and interacting with set-top boxes is currently in
progress alongside a host of new projects studying people’s use of technology.
Importantly, BBC New Media has created a useability group to provide expert help to
the interactive design teams. This group has been making use of the facilities to promote
user testing and good user centred design. User testing is now becoming an important part
of BBC New Media’s means of providing high quality interactive services.

The user-testing laboratory has aided the design of
a number of projects throughout the BBC.

68

April 2001 – March 2002

THE myTV PROJECT
The collaborative project myTV was stared in January 1999 in order to develop and try out
the ideas of TV-Anytime. The goal of myTV was to marry TV-Anytime standards, local
hard-disk storage, digital broadcasts, new home platforms and the Internet. The project
came to a successful conclusion in December 2001 after a major demonstration of an endto-end system at IBC 2001 in Amsterdam.
Within the project we developed boxes that would support all of the TV-Anytime
features, and demonstrated the interoperability gained by having a single standard for the
data (TV-Anytime) and a single standard for the application environment. We developed
servers to deliver this data via the internet, applications to exploit the new features, and
DVB streams to carry this data.
BBC R&D developed a server providing schedule information for BBC television and
radio services over the internet, making it available to project partners. The schedule
information was taken from the BBC’s SID database, which provides both location and
metadata information for BBC programmes.
The data was further processed to provide information about repeats and additional
programme grouping information, where programmes were grouped together using various
grouping criteria, such as series or similar programmes. Agent software could then use this
information to suggest or record similar content. The data format used is very similar in
design to the developing TV-Anytime standard.
Two of our partners have developed prototype myTV boxes. The Multimedia Home
Platform is used as the basic platform, enabling downloaded applications to tune, display
graphics, retrieve information from the digital broadcast stream and so on. In addition, the
boxes contain technology defined within the project to allow box manufacturer, broadcaster
and third-party software to take advantage of extra features within the box, such as
recording and playback of video content and access to the box’s metadata database. The
technology allows the same application to run on either box.
Four applications were developed within myTV; one by each of the two box
manufacturers (resident applications), and one each by the two broadcasters within the
project (downloadable applications). The resident navigators provide the user with an
interface to control the box. These navigators provide enhanced features such as the
means to search a local or remote database for programmes matching certain criteria, e.g.
‘Title=007’ and ‘Actor=Sean Connery’. Single-click recording (e.g. trailer selection), whereby
the user can press a single button during a trailer to mark that programme for recording
was also implemented.

The myTV
project came to
a successful
conclusion in
December 2001
after a major
demonstration
of an end-toend system at
IBC 2001 in
Amsterdam.
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BBC DOWNLOADABLE NAVIGATOR
The BBC downloadable navigator constructs a virtual channel. This is created from any of
the programmes it has available, whether they are live, time-shifted or pre-recorded on the
box’s disk and matches the viewer’s preferences. The user can tune to the virtual channel
in the same way that at the moment they might tune to BBC One. We believe the virtual
channel should always present the best content for the user which is available at that time.
Of course, the intelligent agent in the box may not always get it right, so the software
provides the ability to insert programmes resulting from searches, or browsing available
content. In time, the user profile is updated as programmes are watched, added and
removed from the virtual channel.
With these models of interaction, the broadcast schedules and the familiar call from the
continuity announcer ‘further discussion continues now in Newsnight, over on BBC Two’

Screen shots of myCHANNEL –
a virtual channel designed to
match a viewer’s preferences.

becomes less prominent, so a means of linking programmes was developed. The
broadcaster, or a third-party could group an episode of Panorama with episodes of
The Money Programme and Country File, because all three contain discussion around
genetically modified crops, albeit one from a scientific point of view, and others from a
financial and an environmental point of view. Such links are presented in the
BBC Navigator user interface.

NON-LINEAR PROGRAMMES
Once video is being watched from the disk rather than off-air, there is no need for it to be
viewed in a particular order. The broadcaster or a third party can provide data describing
individual segments of a programme. We demonstrated the concept by providing data to
jump to particular articles in an episode of Tomorrow’s World. More advanced systems
could also allow extras such as unedited interviews or background material to be broadcast
overnight and stored to disk. Software on the box can read the data and present the
programme with menus and options as to what parts of the programme to show.
Non-linear programmes are new opportunities for imaginative programme makers. The
simplest programmes to segment are probably those with discrete articles such as current
affairs and magazine programmes. The non-linear drama is a possible new art form that
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would be enabled by this technology but the challenges in writing and directing such a
work are considerable. To achieve the most impressive effects special software would be
sent with the programme.
The Dutch broadcaster, NOB, developed an example of a non-linear application for the
myTV project. This collected segments from a number of different news programmes and
played out a virtual news programme that matched the user’s preferences. Many of the
people who saw the demonstration thought that this is something that they would want in
their homes.

COMMERCIAL PERSONAL VIDEO RECORDERS
In the high street, there are now several brands of personal video recorders and more are
being prepared for launch. We have worked with several manufacturers to ensure that BBC
services are represented in the best possible manner.

SHARING CONTENT
The ubiquity of personal computers, hard-disk storage and high speed networks means
that providing content is no longer purely the domain of the broadcaster. As the
technologies develop, the ability to share content between end-users will become more
and more commonplace. There are major issues, such as maintaining rightful use of
content and simultaneous seamless access to broadcast, online and stored content. The
follow-on project to myTV called Share it! aims to develop an end to end system that
allows rightful use of content. It will explore new services that might be possible by
combining broadcast, broadband on-line and stored content.
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Investigation of convergence in the
DRiVE project.
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technical support
f o r d i g i ta l t e l e v i s i o n
The government would like to see a transition from analogue to digital broadcasting. If this
transition it is to be feasible, it is in our interest to ensure that good quality terrestrial
reception is available to all.

The public perception is influenced by the price and quality of receivers. Our work with LSI Logic to develop
a chip set for digital terrestrial receivers has matured, leading to new receiving chips coming on the market
with even better performance.
As part of our work we liaise with the receiver industry and test the performance of set-top boxes and
integrated receivers. The results of these measurements are used to keep both the spectrum planning
parameters and the receiver industry’s performance targets up-to-date.
The Digital Television Group is pro-active in helping receiver manufacturers understand the key issues
about the introduction of digital television in the United Kingdom. We have helped members of the group to
understand the differences between receiving analogue and digital broadcasts and how they may ensure
that digital receivers perform well. We reported the results of our work on the immunity of receivers to static
multipath for both short delay echoes and long delay echoes. The long delay echo profile was developed by
gathering statistics in real field measurements of the fully operational network. We are now turning our
attention to defining a suitable test signal for impulsive interference.
In related work we have explained how to measure the performance of broadcast transmitters, ensuring
the signals are transmitted within acceptable tolerances.

CONVERGENCE
There are many people exploring the convergence of broadcasting and telecommunication services. At its
simplest, this would involve carrying BBC services over telecommunications networks. At the other extreme,
whole new types of service may emerge which are only feasible when broadcasting and
telecommunications are combined. We need to understand the process to ensure we can deliver our
services to the licence payers on these new platforms.
The collaborative project DRiVE, has been investigating convergence between broadcasting and
telecommunications. Within DRiVE the focus has been on convergence between terrestrial broadcasting
and the next generation of mobile telephones although the work of the project can be applied more
generally to any appropriate systems. DRiVE is also aiming to promote spectral efficiency by the use of
dynamic spectrum allocation.
Within DRiVE, BBC R&D has been considering how television and telecommunications systems can
share the same or neighbouring spectral bands. The results of the DRiVE project are being fed into the
DVB-UMTS group, which is looking at what enhancements or additions may be required to DVB standards
to facilitate convergence.
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d i g i ta l r a d i o
Digital radio now has three routes into our homes. DAB is the established technology for
the VHF range. We are delivering digital radio with our television signals over satellite and
a new technology has been developed by the Digital Radio Mondiale consortium to exploit
the (much lower-frequency) long-, medium- and short-wave bands.

DAB – DIGITAL RADIO
Digital radio is now a mature and established technology for delivering high quality audio services to all
types of radio receiver, from car radios through to hi-fi tuners. Digital radio now offers much more than
simply ‘better radio’. New services are being developed that make use of digital radio as a data channel
that will take radio into the multimedia age.
The BBC has broadcast terrestrial digital radio since 1995, but it was only during 2000 that receivers
became readily available in high street shops. In the last year the price of these receivers has dropped
significantly, encouraging renewed interest in digital radio.
The provision of reliable traffic and travel information has become an important component in the
development of intelligent transport systems. TPEG is the name of an openly specified standard for
delivering traffic and travel data. Its data can easily be carried on most digital bearers, with digital radio
ideally suited to deliver the data directly to in-car receivers. Because the protocol is designed to be
machine-readable it is easy for the receiver to present the information to the user in a number of different
ways and in any language. The system supports both road-traffic and public-transport information.
The BBC has been transmitting a pilot TPEG service delivering road-traffic information over DAB since
1999. In parallel, we are also delivering a multilingual traffic-information service over the internet.
By using techniques developed from the internet, digital radio can now deliver a wide range of
multimedia services. We are broadcasting several of the more popular information pages from the BBC’s
website over the digital radio system. This broadcast website allows us to create new and exciting services
similar to websites on the internet but with the benefits of a broadcast system: in particular, the system
works well no matter how intensive the interest in the site.
The expansion of digital radio services makes an electronic programme guide for radio desirable. We
now have an experimental guide on air, enabling a number of manufacturers to produce prototype receivers
that can decode this information. We also worked in the ADEPT consortium to develop a receiver that uses
the programme guide to enable quick and easy recording of radio programmes.
In 2001, the government approved the BBC’s proposals to begin five new national, digital-only radio
services. DAB will be carrying the five new services and the previously-existing services in the same
channel that was previously occupied solely by the existing services. To make sufficient space, the bit-rate
of some services will have to be lower than before. We have helped to minimise the impact of this on the
received audio quality.
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We are working within WorldDAB to develop applications and standards for future digital
radio devices, such as integrated mobile phone/radio receivers – indeed we have already
seen a prototype based on a hand-held computer. Possible benefits for this type of device
include making it easier to obtain listener feedback, downloading games and purchasing
CDs (although this is probably more important for the commercial market).
We have continued to offer a comprehensive test facility for digital radios at BBC R&D.
This has proved very popular, with many manufacturers taking advantage of this facility
recently, contributing to the increasing number of well implemented receivers available to
the public.

DRM – THE DIGITAL REPLACEMENT FOR LONG, MEDIUM
AND SHORT WAVE BROADCASTS
The DRM consortium aims to develop and bring to market a digital radio standard for use in
the bands below 30 MHz which have traditionally been used for AM or Amplitude Modulated
radio. Their vision is to bring affordable digital quality sound and services to the world radio
market. The prime BBC interest comes from the BBC’s World Service, although we cannot
rule out that some use might also be made of it for domestic services.
Programmes presently delivered by AM do not compare well in audio quality with
competing services delivered by FM. World Service’s traditional audience is beginning to
decline, as national services overseas transfer to FM services, and the audience follows. To
some extent, this situation can be (and is) redressed by World Service by using local FM
rebroadcast arrangements wherever possible, but this can only ever be a partial solution to
the problem.
The DAB standard is unsuitable for use on the long, medium and short wave bands,
hence the need for a new system. This will enable us to re-use the traditional delivery
means of World Service, the short and medium waves, which reach target areas some
distance away without having to rely on local broadcasting arrangements.
DRM uses digital techniques to:
• deliver a service which provides much better audio quality and reliability than
existing AM services,
• provide user-friendly assisted tuning, schedules and other information,
• provide easy access to large coverage areas.

Measuring background noise
in the radio bands.
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The techniques used have commonality with those already developed for digital
terrestrial television and radio, but are specially tailored to the specific requirements of the
broadcasters using these bands and to the characteristics of radio-wave propagation
below 30 MHz.
For DRM to be of any use to the BBC, it has to be taken up worldwide. The DRM
consortium’s work therefore needs careful nurturing to keep the variously-motivated players
working towards this challenging goal.
The potential market is vast, but only if the receivers are cheap enough. We are
therefore developing our own expertise, in order that we can influence the development of
cheap, low-power integrated circuits. Our previous involvement in the development of a
demodulator chip for digital television stimulated and promoted competition in that market.
Listeners may be more interested in buying the new receivers if they are easier to use
(especially easier to tune) than the existing short wave receivers. DRM is being developed
so that tuning as we know it will be a thing of the past. The system removes any
requirements for listeners to know or care what frequency or wave band is in use. A small
part of the data capacity of the system is devoted to carrying the information needed to
make this possible. To ensure this works in a sensible way which meets our fairly complex
needs, we have taken a leading role in the definition of the data in the multiplex. Amongst
the uses facilitated are the transmission of station identification, station schedules and
alternative-frequency information (many short-wave services are transmitted on several
frequencies simultaneously).
The new system enables a receiver to select the best frequency automatically, if more
than one is available. It can do this at switch on, or if reception is variable (not an
uncommon feature of shortwave), improving both continuity of reception and userfriendliness. This process requires transmitters to be synchronised, something that will also
allow us to implement networks of transmitters on the same frequency if we so wish.
The completion of the specification of the DRM signal has now been approved
and published by the European Telecommunications Standards Institute. The specification
includes modes we suggested in order to ensure that the system would be suitable for the
needs of domestic short-wave broadcasting in tropical countries. This improves the
likelihood that listeners in these countries will one day acquire receivers and thus form a
potential audience for the BBC’s World Service. We have taken the lead in compliance
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testing and validation of this new specification. Drawing on our experience in digital
television, we co-ordinated an exercise to ensure that the various parties implementing the
standard had interpreted it in the same way. This has helped in two ways: it proved that the
specification is unambiguous and it enabled the different implementations to work together
in over-air trials and demonstrations. Interoperation was first demonstrated at IBC 2001,
just three months after the specification was finalised.
We have been developing our know-how in receiver techniques, initially using a
computer-based platform for convenience. However, we recognised a need for hardwareonly receivers for demonstrations, field trials and long-term pilot tests. Our first prototype
attracted a lot of interest when demonstrated at IBC 2001.
Long-distance tests, carried out as part of the RADIATE collaborative project in the
summer of 2001, successfully received a signal which had been broadcast over a path
of 13000 km.

Our prototype DRM receiver
at IBC 2001...

...and we win prizes for the
quality of our presentations.
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licence protection
PROTECTING THE BBC’S INCOME
Licence fee evasion in Britain continues to fall due to improvements in
detection methods, combined with media publicity to ensure that
evaders recognise the risk of being caught.
Evaders are tracked down with the help of handheld detectors and a
fleet of detector vans, using a national database of licence holders.
We are just completing a project to develop and document to
production standard a new generation of van-based detection
equipment. We have investigated a wide range of methods and chosen
for development those which proved quickest and most accurate, with a
view to minimising the time spent by a detector van at each target site.
The new equipment is controlled by a computer, which presents a
very user-friendly interface to the operator. The detection results and all
relevant data are recorded automatically. We have added a satellitebased live map navigation system which helps minimise the time spent
travelling between sites, as well as an automated database showing
receivable transmitters at the van’s location. The equipment can show
which transmitter is being received, and which channel is being viewed.
The van will be in frequent contact with TV Licensing Unit’s database to
check whether the viewer has a current licence.
All of the equipment is contained within the van without exterior
aerials. This offers the choice of covert operation, or alternately of
high-profile operation simply by emblazoning the van with an
appropriate logo.
We are working with BBC Technology to produce a fleet of vans with
the new equipment; meanwhile, the development and testing of a further
detection method nears completion.
Portable detection equipment includes a handheld magnetic detector
designed for use where van access is impracticable, and a shirt-pocket
equivalent for covert operation.

Detection display screen. The graph
shows TV line frequency and its first
two harmonics.
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