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Inserting graphics
into live images
Whenever a production team plans
to insert a virtual object into an image,
the graphics system needs to know
precisely how the camera is moving, so
that the virtual object can be rendered
in the correct place in every frame.
Although there are several tools
available commercially for doing this
in post-production, live (or as-live)
operation is more difficult. For studio-
based productions, it is usually necessary
to shoot in a studio equipped with
a camera tracking system, such as the
free-d system we developed some years
ago, which uses markers mounted on
the ceiling. For other kinds of production,
such as outside broadcasts or shoots on
location, new solutions are needed.

We have been working with several
European companies and universities
in the MATRIS project to develop
markerless camera tracking using
naturally-occurring features in the scene.
This three-year project was funded by
the EU’s 6th Framework Programme,
and finished in January 2007. In addition
to tracking directly from the camera
images, the project also developed an
inertial sensor, and looked at the use

of an auxiliary camera fitted with a
fish-eye lens. Both of these techniques
can improve the accuracy and stability
of the tracking. We coordinated the
project demonstration at IBC 2006,
which attracted the interest of several
potential licensees.

As a part of our work in the MATRIS
project, we developed a method that
measures camera movement by tracking
the lines on a football or rugby pitch.This
has been licensed to Red Bee Media as a

part of the Piero sports graphics system,
and is now in regular use by the BBC and
a number of other broadcasters around
the world. In June 2006 the system was
used in High Definition for the Football
World Cup, and for the first time it used
a method to automatically lock onto the
pitch lines when starting to track.

In some applications, it is useful for a
presenter to be able to pick up a virtual
object, rather than it being fixed in the
studio or on the ground.We previously
developed and licensed a system known
as MixTV, which tracks a specially-
patterned card which a presenter can
move, so that a virtual object can be
rendered on top of it. In April 2006,
a version of the system was used in a
three-month trial by BBC Jam, the BBC’s
broadband learning service for five to 16
year olds. This allowed users to interact
with virtual 3D objects in real time, using
their own hands rather than a mouse
or a keyboard.

We have been working with BBC News
to develop a system that tracks the
cameras using an array of marker
patterns placed on the walls of the
studio or on other par ts of the set.
This avoids the expense and complication

of installing a dedicated tracking system,
and can be used in almost any
location. Another approach being
investigated is to display the marker
arrays on an existing rear-projection
system, so they can easily be switched
off when vir tual graphics are not
required. The system could also
be used in conjunction with hand-held
markers to allow both fixed and
moveable virtual graphics to be shown.

iview – capture of 3D
scenes and generation
of virtual views
We are leading a DTI-funded collaborative
project called iview, to develop methods
to capture action from events such as
a football match in 3D and to provide a
360 degree free-viewpoint video replay
of the action. During the replay the
position of the virtual camera can be
moved freely and crucial moments of
a game can be seen from viewpoints
which are not normally open to a real
camera. BBC Sport has an obvious
application for such a system, as it would
allow them to fly a virtual camera around
the pitch, giving a new way of presenting
key moments. It could also generate top-
down views for tactical analysis, or views
as seen by a linesman, player or referee.

In its first year, iview applied techniques
formerly developed for use in a chroma-
key equipped studio for use outdoors.
New and robust techniques were
required for calibration of the cameras,
keying and generation of the 3D models
of the action. First tests in collaboration
with BBC Sport and BBC Outside
Broadcasts were carried out for football
using either a set of specially mounted
fixed cameras or just the cameras
normally present. From the fixed camera
set, virtual camera positions (such as the
goal keeper’s view) can be generated to
provide new insights into the game that
are not possible to achieve otherwise.
Current work is focussing on tests with
HD cameras.

The processing and generation of the
3D model of the action is currently
carried out off-line, but options for real-
time processing are being investigated.
The replay uses image-based rendering
methods that can be implemented at
interactive rates on standard PCs. One
goal of iview is to stream the replay data
to an interactive platform such as a
games console so that the user can
determine his or her preferred viewpoint.
We are also looking at applications in
sports other than football, and in other

programme genres including studio-
based programmes.

Tracking people
and objects in 3D
By tracking people in a scene, it is
possible to automate some production
processes. We have been investigating
applications involving the automatic
control of lights, by tracking the positions
of the camera and presenter. The ability
to automatically keep a presenter lit as
he or she moves around a studio offers
the prospect of reducing the overall
level of lighting needed, whilst ensuring
that a sufficient level of light is used.
This is especially useful to satisfy the
requirements of HD production where
maintaining a good depth-of-field
becomes particularly important.Working
to requirements from BBC News, we
have demonstrated a prototype system
that can do this using information from
the cameras.The system then adjusts the
lighting by controlling the direction, beam
width and brightness of a number of
motorised spotlights.

We have also been investigating the use
of audio location techniques to track the
position of people. We have built a
real-time demonstrator that uses two

Production Magic

We are developing a range of production tools that harness the

power of computer image processing to analyse a scene in 3D.

With these tools, we can insert virtual objects into a live scene,

generate a new view of a real scene from a virtual viewpoint,

or automatically steer a camera or spotlight to follow a person

around the set.

This work ranges from relatively short-term projects for immediate

production needs, through to longer-term fundamental research

that could lead to radical changes in the way programmes are made.

It may also lead to new forms of 3D or immersive content that

go well beyond what is possible today.

‘‘ IInn  SSeepptteemmbbeerr
22000066,,  tthhee  Piero
ssyysstteemm  wwoonn  aann  IIBBCC
IInnnnoovvaattiioonn  AAwwaarrdd,,
iinn  rreeccooggnniittiioonn  ooff  iittss
rraannggee  ooff  nnoovveell
ffeeaattuurreess  tthhaatt  ccaammee
oouutt  ooff  BBBBCC  RR&&II
wwoorrkk.. ’’
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Production Magic continued

pairs of microphones to estimate the
location of a speaking person, using time
delay analysis. This could be used to
locate and track a TV presenter, or
members of a studio audience when they
speak, or in outdoor sporting events to
help automate camera framing and
shot selection.

Although these developments are part
of our long-term work to create new
ways of making programmes, the
technology we develop along the way
can also be rapidly deployed to address
short-term problems. One example of
this was a requirement for a simple way
of gathering votes from an audience.
We developed a system to identify
a hand-held baton and determine its
orientation, so audience members could
vote by holding their baton either
vertically or horizontally. The batons
were covered in a highly retro-reflective
material, illuminated by a ring of LEDs
around the camera lens, allowing the
system to operate independently of
the ambient light level.

Surround video
We have been looking at ways to use
imaging technologies to present new
forms of content to our audiences.
Most people are already familiar with
the concept of surround sound, where
additional speakers are deployed around
the room, fed by additional sound
channels. We have been investigating
whether a similar approach could be
applied to video.

Rather than simply looking at the use
of a very large screen display, we have
investigated the concept of augmenting
an existing conventional display with an
image projected onto the walls and
ceiling of the room. The projected image
is generated in such a way as to extend
the field-of-view of the existing display,
helping to provide a ‘context’ for the
main image, such as additional motion
cues. We recorded a range of sequences
with two rigidly-coupled cameras, one
fitted with a conventional lens and the
other with a wide-angle fish-eye lens.
The image from the first camera was

shown on a flat-panel display, whilst the
image from the second was projected
onto the walls and ceiling, using a
projector and a spherical mirror. Real-
time image processing was used to
compensate for the distortion introduced
by the fish-eye lens and projection
system, ensuring that it aligned in position
and scale with the image on the flat panel
display. We also investigated several
methods of synthesising a surround image
from existing content, shot without a
secondary camera.

Initial tests have been very promising,
with audiences reporting a much greater
sense of immersion.

3D production
planning software
The quality and ease of use of 3D
computer modelling has now reached
the point where we can use it for pre-
production planning. We are working
with some of the developers of this
software to see how it can best be
applied to making production more
creative and to reduce costs. We have
started with studio layout and set design,
although there are also other potential
applications such as training.

Producers can test different options in
a virtual space, helping them to make
effective choices earlier in the production
process. Our relationships with the
software developers have allowed us
to model real studio facilities such as
cameras and cranes. This enables
producers to see the exact shots they
will get using particular equipment, so
they can hire in without over-specifying.

Some programme makers have tried out
the set design process. They found it not
only useful in visualising the design, but
also in communicating their ideas to others
in the team. Decisions can be converted
to floor plans for creating and building
the real set. The virtual model is also
easier to store than the traditional card-
board models, and can be retrieved, for
re-use or as a reference for the next series.
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DD--33  VViiddeeoottaappee  Preservation System

The BBC Television and Radio

archives are among the largest

collections of broadcast

content in the world. They

contain more than 300,000

hours of radio and 600,000

hours of television, and these

figures grow daily.

The archives hold content on a variety
of recording formats, which reflect
technological advances made over the
years. Great importance is placed on
being able to retrieve content of any
age, and it is often necessary to maintain
access by transfer of content held on
old formats to newer ones, because of
physical media decay or obsolescence
of replay equipment.Transfers must
be done in real time with human
supervision, because a sub-optimum
replay or poor conversion will irreparably
damage the content. With such a
sizeable archive, this can be costly.

In an attempt to improve matters, the
advantages of migrating to file-based
formats have been explored. When
content is held as a data file the content
format is no longer dictated by the
storage medium, and in future it should
be easier and faster to move to a new
storage medium, perhaps at the touch
of a button. Content on file servers is
more accessible than that held on
videotapes stored on shelves. Quality
degradation ought no longer to be an
issue because true digital clones can
be produced from data files.

Content held on D-3 videotape is next
in line for preservation. The D-3 format
is only 16 years old but is no longer
supported by its manufacturer. The BBC
holds about 380,000 D-3 tapes (some
copied from the earlier analogue two-
inch quadruplex format) and 100,000
have been selected for content retention.

We have devised a system to capture the
content from the D-3 tapes, and to
augment it automatically with metadata.

The system is based around a high-end
PC with an SDI capture card and
specially developed software. D-3 is
a digital composite PAL format, and
BBC-designed Transform PAL decoders
are used to give the best possible video
quality. The captured signal is written into
an MXF (material exchange format) file,
together with descriptive and technical
metadata that the system collects
automatically from the BBC’s ‘INFAX’
records – for example, programme and
series names, transmission date and
duration. The system also adds the error
log from the tape replay, and analyses the
video signal for picture flashes and certain
spatial patterns, to note the level of
compliance against OFCOM recommen-
dations for photosensitive epilepsy. It also
produces a low bit rate ‘browse quality’
copy of the content, and includes soft-
ware for performing quality checking
of the MXF file.

The system uses open standards wherever
possible, to avoid technology ‘lock-in’ and
to ensure that the files can continue to
be accessed and understood. All the
software written by the BBC in this work
has been released as open source.This
is to promote interoperability and to
encourage further development by other
parties, in particular to exploit the features
of MXF for searching the content.

Initially the files are to be stored on LTO-3
data tape.When costs permit, they may
be moved to file-servers. Up to ten
programmes can be stored on each tape,
a forty-fold saving on physical space over
D-3, even though the video data is held
uncompressed. LTO-3 is by far the most
popular data tape format on the market,
and is supported by a number of manu-
facturers. It has an open architecture, and
Ultrium, the consortium responsible for
the LTO-3 standard, has decreed that
new generations of the data tape drives
must be able to read tapes from at least
the previous two generations.

‘‘ TThhee  ssyysstteemm  uusseess  ooppeenn  ssttaannddaarrddss
wwhheerreevveerr  ppoossssiibbllee,,  ttoo  aavvooiidd  tteecchhnnoollooggyy
‘‘lloocckk--iinn’’  aanndd  ttoo  eennssuurree  tthhaatt  tthhee  ffiilleess  ccaann
ccoonnttiinnuuee  ttoo  bbee  aacccceesssseedd  aanndd  uunnddeerrssttoooodd..’’
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Planning for music shows
Our work in previous years has
produced a production planning system
aimed at making the preparation of the
camera script for a music show more
efficient. It uses beat tracking to link the
music breakdown to the lyrics and then
to a standard video editing package, to
allow camera shots to be planned against
the music. Once the planning is complete
a camera script is produced automatically.

We have now refined the software and
developed quicker ways of working with
it.We have encouraged more widespread
testing of this improved version by
production assistants and directors to
see if the benefits can be achieved in
practice.This has brought some mixed
responses. However, interest is growing
and after a little guidance and ‘hands-on’
experience, some directors are now
trying the system with a view to using
it for their productions.

In working more closely with production
teams, we have also come to understand
better what they require for different
types of music show.This has led us to
develop a more straightforward system
where only a relatively simple annotation
needs to be added.This is typical of

shows that have a large number of
musical items, where full planning of each
would be too time-consuming. As well
as beat and bar indications, our simpler
system allows markers with comments
to be added anywhere in the music
breakdown, and the standard production
script is later generated from this.

We now have music production teams
testing this simpler system, and we hope
to be able to work with them on some
major music productions over the
forthcoming year.

Tapeless recorder
We have made several enhancements to
the tapeless recording system that we
trialled last year with the BBC Children’s
programme BAMZOOKi.

We have now produced a tapeless
recorder capable of recording four video
and 16 audio channels simultaneously,
compressing them in real-time to the
required production format (typically
DVCPro50 or Avid ‘2 to 1’), and storing
them as MXF files. Although a PC
equipped with dual-processors, and each
with dual-cores, is required to achieve
this, the overall cost is on a par with a
mid-range server and is dominated by

four SDI capture cards. By equipping the
recorder with 2 Tbytes of hard disc, it
can record for up to two or three days
in a studio.

Low cost server
A further development of this work has
been a video server based on the widely-
used SAMBA file system.This offers a way
in which a low-cost server can be used
to share content across a cluster of edit
suites that are using either Avid or Apple
editing software.

There are two difficulties in sharing
content in this way, which we have been
able to overcome by exploiting the
virtual file system extension capabilities
within SAMBA. Firstly, each Avid editing
client expects exclusive use of the
external storage. Shared access by
multiple Avid clients leads to conflict,
as each one attempts to create its own
database files to index the video content
that it finds. Our configuration of the
server’s virtual file system keeps these
files separate, so no conflicts arise.

The second obstacle is that not all
editing systems can work directly with
MXF files – for example, Apple’s Final
Cut Pro.To overcome this, we have

implemented on-the-fly unwrapping of
the MXF files within the SAMBA server.
This again exploits the virtual file system
extensions of SAMBA, but in this case,
when the original MXF files are accessed
by the editing system, the server
removes the outer ‘MXF’ layers and
provides only the encoded content,
e.g. DVCPro50, from within. In this way,
the MXF files held on the server appear
to the editing system as DV encoded
files, which it can then use directly.

The next stage in the production flow is
to make the recorded content available
in a convenient way within the editing
system.To achieve this, we are making
use of the AAF (‘Advanced Authoring
Format’) standard.When required, an
AAF file is produced which contains the
details of all the MXF files recorded in
the studio over the interval of interest.
Opening the AAF file in the editing
system then populates the editing ‘bin’
with this content, making it immediately
available for editing.

Additionally, for multi-camera productions
(where each camera view is recorded
simultaneously), the resulting recordings
are automatically grouped together, which
saves time by avoiding the manual step of

grouping and synchronising the
recordings within the editing system itself.

A typical multi-camera production
method is to produce a ‘Main’ recording,
which includes cuts between the cameras
performed by the vision mixer, and
separate, isolated recordings of some
cameras (‘Isos’).These latter recordings
may be used in the editing of the
programme to give different views,
e.g. an audience reaction shot, when
appropriate. However, a drawback of this
method is that the timing of the cuts
done as the recording is underway may
not be ideal and slight trimming in post-
production may be desirable.We can
offer this capability by recording the
timings of the cuts applied by the vision
mixer, and from these, creating
corresponding edit entries in the AAF
file.When this AAF file is opened, the
editing timeline will show the original
camera recordings with the edits
between them, which can then be
trimmed where necessary.

To understand better how these
developments perform in practice,
we are working alongside the production
team for the BBC programme Eastenders,
recording with our tapeless system in

parallel with their normal tape-based
process. It is too early to have clear
results but the advantages of easy access
to the recordings are obvious, with
immediate replay into the control room
and studio being a notable benefit. In the
edit suites, rapid access to the recordings
also saves significant time. In this case,
the use of the MXF standard for
recordings is a particular advantage as
the files can be used directly within the
editing system, eliminating the need for
a file import stage. Although not as time
consuming as ingesting from tape, file
import would still slow down the process
and reduce efficiency.

Editing from P2
memory cards
Another development was at the
request of BBC Sport. For the coverage
of World Cup 2006 they needed to be
able to edit content from Panasonic P2
camera memory cards in an Avid editor,
and transfer the edited version back to
a P2 card for playout on location.This
last step was proving impossible because
of the way MXF is used on P2 cards.
After studying the problem, we were
able to produce an application to
perform the necessary conversion and
copy back to the card.The application

Programme Production

Our emphasis has continued to be on exploiting commodity IT

hardware so that the cost of equipment used for production can

be brought down.

Where, in the past, four videotape recorders might have been used

in a studio, the trend of increasing computing power means that a

single mid-range PC can now perform this entire task.

This capability will bring about a dramatic change to the way pro-

grammes are recorded and pass through the production chain. Hence,

we are continuing to work closely with colleagues in programme

production, so that we can understand their requirements and see

how the potential of the new technology can best be exploited.P
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Programme Production continued

was used with great success, and means
our production colleagues can now work
more flexibly with P2 cameras.

We have made our software available as
open source so that others can benefit
and share in its development.These
packages, along with related software,
can be found at the ‘Ingex’ project page
http://ingex.sourceforge.net/

This work is described further in a paper
that was presented at IBC 2006, where
we also demonstrated the complete
system in the New Technology Campus.

As our work in this area progresses,
we are continuing to explore with other
programme production teams how we
can work with them to improve our
mutual understanding of the
requirements and benefits of tapeless
production techniques.

Floorman
Floorman is a wireless picture monitor
developed by BBC R&I which may be
used in one of two ways, with different
technology for the two applications.
We are now seeking to license the
two versions.

• On the studio floor or on location,
by a producer/director, usually in
preparing and rehearsing multiple
camera shots. It is planned to
commission a manufacturer
to produce and install a licensed
system in a BBC studio.This will
be available for use by production
teams, to allow further assessment
of its market potential.

• By a presenter at a live outside
broadcast, for reviewing the action
on which they will be commenting.
Our prototype has been used
regularly by horse racing presenter
Clare Balding, and BBC Outside
Broadcasts are currently using it for
a market trial. If the trial is successful
we will enter into technical
discussions with a manufacturer to
hand over licensed designs.

Timed text and
subtitle multicasting
This covers our work in handling subtitles
and similar text information where timing
details are also included.The work is in
two main areas.

Firstly, we have been providing the
software tools to convert broadcast
subtitle files to the formats required for
use by the iPlayer, and for programmes
provided online via bbc.co.uk. Subtitles
used in each of the trials of iPlayer have
been originated in this way and we
have continued to refine the conversion
process as the user requirements
have evolved.

Secondly, we have continued to
participate in the ‘Timed-Text’ working
group of the World Wide Web
Consortium (‘W3C’), which is in the
late stages of developing a standard for
carrying timing details with text.This is
applicable not only to subtitle exchange
but also production processes,
e.g. associating scripted text or indexing
details with the recording of the content.

Building on this latter work, we are
working within an AAF Association
and EBU subtitling adhoc group which
is producing a standard means for
conveying subtitles in AAF and MXF files.
This is based on the forthcoming W3C
timed-text Recommendation but further
work to specify details within the AAF
and MXF standards has also been
required to complete this functionality.
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The past year has seen great changes
and challenges for wireless production,
with the closure of our favoured band
for PMSE (Programme Making and
Special Events), 2500 to 2690 MHz.
This loss of spectrum together with the
increased popularity of radio cameras,
the risk of yet more losses, increasing
spectrum costs and the desire to make
programmes in HD are presenting real
challenges to the industry. Alternative
spectrum between 2 GHz and 3.5 GHz
is now being used instead, but this
spectrum is fragmented and congested.
Interference from high power CDMA
services is causing concern at many sites.

An additional worry is the spectral purity
of higher power COFDM systems that
use these microwave bands. Commercially
available systems have been measured,
and some found to radiate excessive out-
of-band energy in the adjacent channels.
This limits adjacent channel operation,
effectively halving the number of full
performance channels that can be used
at any one time.

BBC R&I has been working closely with
JFMG Ltd (the company that manages
the spectrum on OFCOM’s behalf for
programme making and entertainment
uses) to identify these problems
and alert the relevant manufacturers.

A measurement programme also looked
at protection ratio issues and the effects
of 3G CDMA cellular services on current
receivers. By working with industry in
this way, we hope to improve the
performance of commercial equipment

allowing broadcasters to make better
use of the limited PMSE spectrum that
remains available.

Growth in broadcast applications, and
the competing demands for 2 GHz
spectrum from mobile and WiMax
applications, is prompting us to consider
a move to higher microwave bands.
Initial work at 10 GHz has identified
implementation, link budget and Doppler
issues.We are now focussing on the
7 GHz band, working in collaboration
with UK manufacturers on a solution for
next generation HD Wireless Production.
It is planned to exploit MIMO research
work, described later, to provide new
technology for PMSE use in these
new microwave bands.

Radio Spectrum for Production
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We are looking at ways for

the BBC to continue to

improve and expand its use

of digital radio cameras despite

changes in the spectrum we

license from OFCOM.

‘‘ WWee  aarree  nnooww  ffooccuussssiinngg  oonn  tthhee  77 GGHHzz  bbaanndd,,  wwoorrkkiinngg  iinn
ccoollllaabboorraattiioonn  wwiitthh  UUKK  mmaannuuffaaccttuurreerrss  oonn  aa  ssoolluuttiioonn  ffoorr  nneexxtt
ggeenneerraattiioonn  HHDD WWiirreelleessss  PPrroodduuccttiioonn..’’
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