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1. INTRODUCTION

The international debate on HDTV continues, particularly on the
question of transmission formats for the picture. Whether or not,
in the long run, a single system will become the standard, the
picture will need to be supported by a matching sound system, i.e.
one which complements the visual presentation.

In a previous paper [l1], the author presented the background
informaticn and the then current studies on HDTV sound systems.
This paper is in the form of an up-date on that and presents the
current consensus on the likely service improvements beyond simple
two channel stereo for an HDTV sound system. The international
discussions and standards making process are discussed, as are the
practical experiments both completed and still continuing.

2. IMPROVED BERVICES

As stated before, one of the most visually obvious changes from
conventional television to the proposed HDTV format is the aspect
ratio, This will change from the current 4:3 to the wider 16:9
format and will almost certainly be accompanied by larger screen
presentation. On the other hand limited tests to date [2] have
indicated that there is an upper limit to the size of picture that
will be acceptable in the domestic environment and it is likely
that this will be set, by consumer choice, to somewhere around the
1 metre diagonal. Perhaps less immediately obvious to many
consumers will be the improvement in picture portrayal. The HDTV
standards have the . :
ability to portray a doubling of information density both
horizontally and vertically, and with upconversion of the pictures
an improvement also in motion portrayal.

If the pictorial presentation is that much improved it is necessary
to consider how the sound can be optimised to support this form of
presentation. Indeed this guestion is currently being considered °
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by a number of international committees all of whom are coming to
much the same conclusion as far as a list of service improvements
is concerned. (The techniques by which these service improvements
may be achieved is however, not yet universally agreed). First and
foremost there is a need to improve the presentation of sound
images in front of the listener. The reasoning behind this being
that any mismatch between visual and aural users is likely to be
that much more disturbing with a higher definition picture. There
is a need therefore to stabilise the sound presentation
irrespective of the listener's position relative to the picture and
1oudspeakers. The second most important feature for improving
sound is agreed to be the prov1s;on of surround sound, mainly as
a result of its introduction in the cinema industry, where surround
sound has been available for a number of years. Additional sound
features include the provision of multiple language options,
particularly for programmes such as sports, and new services to
support better the people with hearing or sight impairments. The
latter services are commonly seen to be the provision of clean
dialogue for the hearing impaired and commentary for the blind.

The aim in both cases being to enable the hearing and sight
impaired consumer to share the same programme selection as the rest
of the family unit.

" 3. BOUND PRESENTATION

As already stated the methods of achieving these new services is
currently still open to much debate, although the techniques for
provxdlng a larger listening area giving the common aural
experlence are subject to a great deal of consensus, the EBU {3]
in discussing this matter have defined the listening area according
“to figure 1. Essentially they have defined the need for
representative listening conditions for programme making and
subjectlve appraisal in such a way that a minimum of three people
can gain near identical reproduction of the scund in a domestic
size environment. However their recommendation goes further to the
extent that a significantly larger group of people with the same
listening arrangement can still gain a substantially improved sound
presentation compared to that for simple two channel stereophony.
To this end the EBU are recommending (see flg 2) the use of three
loudspeakers to support the presentation of in-vision sounds plus
a pair of loudspeakers to reproduce the additional surround
information. The specific positions of the frontal loudspeakers
is already defined, whilst the positions of the side/rear
loudspeakers is st111 open to debate and experimentation.
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Whilst the five loudspeaker arrangement, or more specifically the
3/2 arrangement, just described is now universally accepted as the
means of providing surround sound reproduction in the home there
is still debate over the appropriate sound system for the cinema.
Proposals for the cinema extend from the 3/2 proposal up to a 4/4
proposal which is claimed to give significantly better sound
presentations. However, in this context it is necessary to look
to current trends in the cinema industry and apart from a few
special exceptions this author believes that extension beyond a 3/2
proposal is unlikely. This conclusion is in part supported by the
current developments of digital sound systems for the cinema [4,5]
which, apart from a sub-woofer channel, provide only five separate
(discrete) sound channels.

But having decided on the number of loudspeakers in a reproduction
system one has to ask what the aim of that sound system should be
in terms of the sound experience for the listener. For instance,
is reality a key aim or not? In real life we are exposed to sounds
coming from all directions and some suggest that this should be the
aim of the HDTV sound system. On the other hand in real life one
has an option, when hearing a sound from a particular direction,
to turn and face it. This option is removed with HDTV systenms,
even with large screens, simply because a significant turn of the
head will direct the eyes outside the limits of the picture giving
no visual support to the sound image. It is necessary to tone down
acoustic reality, ensuring that the consumers attention is not
drawn, at least for significant periods of time, away from the
limits of the video screen. It has therefore been accepted by the
international working parties that the frontal sound stage will be
used to generate sounds with a specific directionality, and that
the side and rear loudspeakers will be restricted to ambience
information plus sound effects where specific directionality is not
particularly important.

In considering the sound system, it is also important teo bear in
mind the way the television medium is already being used in ways
that conflict with the spatial presentation of sound. The specific
problem here is that of reverse angle shots, i.e. wvhere
significantly different camera angles are used within the same
element of a programme giving rise to a dramatically different
visual perspective on the screen. It is the author's opinion that
this causes no psychological problems simply because one can look
at reflected presentations of the real world, in a mirrer or in
water. On the other hand in the case of the aural senses, the
environment only changes at the rate at which the individual moves
through that environment: there are no sudden reversals of the
acoustic perspective without other tactile senses supporting such
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a change. In the case of the television medium, if one was to
reverse the acoustic perspective in synchronism with the visual
perspective, the sudden change of sound presentation with no
tactile support is found to be most disturbing. It is therefore
necessary when mixing the sound presentation, either for existing
stereophony or for multichannel sound, to take a stable aural
perspective and maintain that throughout a particular scene. This
problem is heightened in the case of high definition presentation
and it has been found necessary to constrain significant changes
in the visual presentation.

4. PROGRAMME EXPERIMENTS

In order to explore the possibilities of multichannel sound the BBC
and other broadcasters have been c¢arrying out experimental
programme productions with different types of material,
Experiments have included concerts, ceremonial events, drama,
sports, pop music and documentaries, and a few examples will now
be explored in order to illustrate some of the findings of that
work [(6].

One of the events that the BBC has exploited on a number of
occasions now, has been the Wimbledon Lawn Tennis Championships in
London. 1In this particular case the aim of the multichannel sound
presentation was to attempt to reproduce the reality of a fixed
seat in the audience at one end of the Centre Court. The cameras
themselves were placed leooking along the centre line of Centre
Court from two different heights, which provided an important
supportive role in the context of a fixed aural perspective. The
main sound pick-up (see fig. 3) was from a sound field microphone
placed above the end wall of the tennis court. This was supported
by a gun microphone on the umpire's chair picking up sound effects
"from the far half of the tennis court, a pair of microphones high
in the roof of the stand picking up the more distant elements of
the crowd sounds and spot microphones on the umpire and
commentator. The studio mix of these sources used the front
channels of the sound field microphone to define the stereo
presentation of the court action, with the gun microphone on the
unpire’'s chair filling in the far court effects in the centre of
that stereo stage. The rear channels of the sound field microphone
and the stand roof microphones were fed to the surround channels
of the mix with the spot microphones on umpire and commentator
being mixed half right and half left in the sterec stage. The
subjective effect achieved was very pleasant giving a real
sensation of being present at the event. The supportive role of
the stable visual perspective was found to be of real benefit.
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Not everything however, goes according to plan and in the case of
an early drama experiment the location sound was the subject of
very serious difficulties. The basic concept of one of the scenes
in the drama was of a boy-meets-girl type of situation in a park
near to the BBC's old transmitter at Alexandra Palace. In
principle the sound pick-up arrangement need only have been a
simple combination of sound field microphone for the ambience and
spot microphones on the actors. However when it came to the
recording date two serious problems were encountered. In the first
instance the date of the recording ceincided with severe storm
weather, and though the recording went ahead in between showers
there was a constant gale blowing, giving rise to continuous howl
effects from the wind's passage through the transmitter tower. A
further practical difficulty with the surround sound recording on
location, was that half way through one of the takes the Public
Relations Manager of one of the actors crept quietly up behind the
sound field microphone and fired off a number of shots on his
single lens reflex camera. Each time he took a photograph there
was an inevitable punctuation on the sound field recording and the
take was therefore unusable. The message from this is c¢lear: there
is no "off-mic" location with surround sound recordings and thus
much more care is needed to avoid either many more retakes or the
need for dialogue replacement.

Most of the recordings are nowhere near as problematic as the drama
recording just described and a number of general rules,
particularly on the acceptable distribution of sounds have been
devised. Figure 4 shows the BBC's current guide lines on how
voiced sounds should be distributed within the frontal sound stage.
it is inevitable that some of the in-vision sounds are so
intimately cennected with the picture that they have to be placed
precisely in the centre of the sound stage; the obvious example of
this is the in-vision news reader. However, it is clearly
inappropriate to conclude that: dialogue should be restricted
entirely to this central location and experience has shown that
voiced sounds can be usefully spread across the front sound stage.
The benefit of this is that it makes for a much more interesting
sound presentation, but it brings with it a need to constrain the
use of reverse camera angles as already discussed.

Sound sources other than the voiced components need not be
restricted to the front sound stage, figure 5 shows the
distribution to all locations of ambience and transient sound
effects. In the case of ambience, as in real life, this should be
distributed evenly amongst the loudspeakers even though the sound
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system itself may not reproduce all directions with the same ease.
Sound effects, as long as they are of short duration, can similarly
ke located outside the front socund stage.

Oone of the additional problems, which is introduced by the
provision of a multichannel service, is the need to ensure during
the sound mixing that the signals make sense to all groups of
listeners. With stereo, there was an obvious need to monitor the
sound balancing in both stereo and mono. This will continue into
the HDTV mixing of, say, a five channel programme, with provision
being made for checking the reproduction in four channel and three
channel formats as well as stereo and mono. At present this is
very difficult to provide within conventional stereo sound mixing
desks and thus external monitor switching needs to be provided.
However, it is essential that such monitor switching obeys the same
laws as those implemented in the domestic receivers. At the
present time therefore, whilst the mechanics of such a monitering
arrangement can and have been designed, the precise interchannel
relationships of the signals have not yet been agreed. This is
just one of the aspects of compatibility, which will be discussed
later.

S. NUMBER OF BOUND CHANNELS

Though it has been agreed that the maximum number of loudspeakers
for the domestic surround sound system will be five, the nunmber of
transmission channels required to convey the signals through the
broadcasting chain is still open to debate. whilst it is
universally agreed that there is no point in having mare than five
channels, there are strong arguments in favour of providing fewer
than five channels. '

In the earlier period of this debate there had been suggestions of
up to four channels as well as loudspeakers at the front of the
listening area, on the basis that laboratory subjective tests had
indicated more accurate sound location from a four channel
presentation than from a three channel presentation. (No-one, in
fact, had disputed the need for more than two frontal
loudspeakers.) However, when it came to subjective appraisal of
real multi-element programmes rather than single sound images, it
was found [7] that a properly mixed three channel presentation at
the front was virtually as goocd as a four channel presentation.
A similar analysis of the number of surround channels indicated
that two channels for the surround information were almost as good
as four and thus a 3/2 system was derived.
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Further tests have also been carried out to compare twe channel
surround against single channel surround and of particular interest
are those reported by the IRT [8]. Figure 6 shows these results.
In this particular test the number of loudspeakers was always four
but the number of transmission channels was selected from 1, 2 or
4. Tt can be seen that, on both ambience information and crowd
effects, both two and four channel transmission were judged to be
significantly better than single channel transmission and, as
already stated, the difference between two channel and four channel
was minimal., It is interesting to speculate why such clarity of
difference was not shown by the music itself, but it is believed
that as the main and loudest sounds during the music were coming
from the front of the reproduction system, the significance of the
surround channels was severely diluted.

As mentioned earlier, discussions continue on where the side/rear
loudspeakers should be placed for optimum reproduction in the
domestic environment. A recent experiment conducted by the BBC
specifically addressed this question. The layout of the test room
is shown in figure 7: three frontal loudspeakers were supplemented
by three pairs of side/rear loudspeakers, any one of which ¢ould
be auditioned at a time from one of two seats. The test used a
wide range of programme material, mixed for 3/2 presentation. The
subjects were asked to decide which of the presentations of
surround scund was preferable and why. The general consensus was
that the side loudspeakers (+/- 90 deg.)} were not liked because
gemall head movements could cause substantial changes in the sound
impression, particularly in the side seat: there was also no sense
of envelopment in the sound field. The rear loudspeakers (+/- 135
deg.) were somewhat disliked because of the apparent dissociation
between the front and back parts of the sound event (a hole at the
sides was one description given). The preferred loudspeaker
placement was therefore the middle one, i.e. +/- 120 deq..

These same tests also briefly examined the comparison between
single channel and two channel surround (i.e. 3/1 versus 3/2) using
wo surround loudspeakers on some of the programme items. Even
using decorrelating delays between the rear loudspeaker feeds for
the 3/1 presentation, the subjects preferred the 3/2 presentation.

Thus, all evidence currently points to the 3/2 presentation

utilising five subjectively separate channels in a balance between
subjective benefit and system complexity.
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6. COMPATIBILITY

In exploiting any multichannel sound system it is important that
a broadcaster serves not only the requirements of the new
nmultichannel listeners but that the broadcaster also continues to
serve the existing audience of monophonic and stereophonic
listeners. This is seen to be even more important when one
considers that even in the longer term this latter section of the
audience may remain in the majority. Clearly important also to the
broadcaster is that much of the programme material in the early
stages of a new service will come from the archives which, in the
case of the postulated multichannel sound service, may be of mono
or stereo presentation. Any multichannel sound system has
therefore to include significant elements of intercompatibility in
the way it can be used both to ensure that multiple audiences can
receive a useful service from each broadcast and to ensure that the
archives of existing programme material can continue to be
exploited.

There are in fact two ways of providing such intercompatibility in
a multichannel sound system. The first is an extension of the A/B
- M/S transmission of stereo FM radio and constitutes a group of
reversible encoding equations. These reformat the source
loudspeaker signals into a group of sum and difference derived
transmission signals with inverse eguations being applied in the
receivers:, this technigque is called compatibility matrixing. The
essence of such transmission coding is to ensure that the first two
signals provide a service for the stereo listener, the first three
signals prov1de a service for the three channel listener etc.
There are in fact many bases on which such transmission coding
eguations can be derived but the interested reader is directed
towards information in references 9 and 10.

In the context of HDTV the format for transmitting multichannel
sound is likely to be digital, and, as with all digital systems,
there is a need to reduce the data capacity as much as possible to
provide space for other services. There 1is unfortunately a
potential conflict between the needs for bit-rate reduction for
transmission [11] and the needs of compatibility coding for
transmission. Many of the bit-rate reduced signals are not capable
of accommodating ‘significant post coding 51gna1 processes such as
that required with compatibility matrixing. In essence, the
practice of subtracting signals in the receiver (in order to
provide loudspeaker feeds) could expose some of the otherwise
inaudible artifacts of the bit-rate reduction process. Thus a
second group of proposals has been tabled which avoid the need for
generating difference signals. In these proposals the loudspeaker
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feeds for a five channel presentation would be transmitted and, for
instance, a stereo receiver would need to pick up all five signals
in order to generate the necessary twe loudspeaker signals by
simple addition.

The final aspect of compatibility that should be addressed when
congsidering a multichannel sound system is that of spatial
compatibility within the monitoring environment. Inevitably the
desire to reproduce surround scund in a monitoring area is going
to require larger spaces for these activities, if only to
accommodate the extra loudspeakers and the necessary distances
between each of them and the Sound Supervisor. Such additicnal
space is unlikely to be available in the short term in most sound
monitoring areas, particulary on outside broadcast., Precisely how
this problem will be resolved is still open to debate.

The solution in the case of one of the BBC's monitoring areas is
shown in figure 8, which represents one of the BBC's post-
production (Sypher) areas, Though this was itself a relatively
large room, a considerable amount of technical equipment had to be
moved around to accommodate the additional loudspeakers and
surround sound monitoring. Even with such "“furniture removal"
there was still only space for one person at a time to listen to
the reproduced sound correctly, although it should be clearly noted
that better off-centre sound impressions were created with the
multichannel system than with conventional two channel stereophony.

7. ADDITIONAL EBOUND SERVICES

The provision of such services as multilanguage sound presentation
is a non-trivial matter. Whilst a solution is relatively easy for
sports programmes, the solution for other programme types is of
necessity much more complex. THe peculiar attribute of sports
programmes is that the commentator is not only normally out of
vision, but his voice would not be expected to fit in with the
perspective of something like a sports stadium. Thus to provide
surround sound for a sports pragramme, the broadcaster would need
to mix a five channel presentation of the sound effects and
ambience of the event and a supporting, single-channel, clean feed
for each of the languages. In contrast for a programme like drama,
the voice of necessity has to be part of the spatial presentation
of the environment being simulated; the reverberation of a room
containing action must respond to each of the voices that are
supposed to be in the room. Thus for this type of programme each
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language in surround sound would need a full set of sound channels.
This requirement alone may rule out the provision of mnultiple
language sexvices for anything other than sports programmes.

Additional services for groups such as the hearing or sight
impaired, must be considered at an early stage in the design of
multichannel sound systems. Clearly it would be inappropriate to
try to provide them with a special surround sound mix, but
broadcasters would be unwise to ignore their specific needs if
relatively simple steps can be taken to fulfil them. The proposal
for the hard of hearing would be the provision of a single clean
dialogue channel, which is certainly technically feasible as far
as the transmission system is concerned. However, two aspects of
such a service need to be borne in mind. Firstly, there may be
recording venues where a clean feed of the dialogue just does not
exist: in some sports stadia, even using lip microphones, there is
a significant amount of crowd noise on the commentator's
microphone, and thus & clean feed does not really exist. The other
point to be considered is that in order to make such a service
viable to the hard of hearing consumer, the system designers ought
to aveid the need for special receiving equipment. Thus whilst the
bit-rate requirements for a dedicated clean dialogue channel could -
be shown to be very small, it would make much more sense from the:
consumer's point of view to define the hard of hearing requirement
is merely a special language option. Thus the standard hardware
could be easily programmed by the hard of hearing to pick up the
clean dialogue "language" rather than English, French, German etc.

8. CONCLUSIONS

It has been shown that a great deal of consensus already exists on
the need for improved sound services with HDTV. Wwhilst many of the
technical options have already been agreed there are still a large
number of details, particularly relating to transmission coding,
for which agreement is awaited.

The BBC's programme experiments have helped a great deal in
deciding just how various - events should be reproduced to create a
worthwhile sound presentation. These have also helped to
demonstrate some of the less essential features in some proposals.
All broadcasters will need to continue to use existing programmes
and to supply the needs of a number of audiences and thus a system
demonstrating compatibility has been shown to be necessary. Two
clearly different methods of achieving that compatibility have been
described.
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In debating multichannel sound systems the technolegy of the
development should not be allowed to take overriding importance.
Ultimately, it will be the programmes which will sell the system
rather than the technology and even then the technology must not
introduce difficulties for the consumer. A multichannel sound
system will only be acceptable if it is both easy to use and non
disruptive to the domestic environment.
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