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Abstract 
The BBC has produced several multichannel sound mixes over the last few years in order to experiment 
with this form of sound presentation. This paper describes some of these productions outlining the 
microphone arrangements used and how each was mixed for a multichannel presentation. 

0. Introduction  
This report is one of a series of papers based on the work 
conducted in the audio group (PG II) of the Eureka project, 
Advanced Digital Television Technologies (ADTT). The 
audio group included the following partners: British 
Broadcasting Corporation (BBC), Philips, Institut für 
Rundfunktechnik (IRT), Nokia Research Centre (NRC) and 
Bang and Olufsen A/S (B&O). 

Within this project, the BBC R&D Department has produced 
several experimental multichannel sound mixes to accompany 
HDTV and widescreen programmes.  This paper describes the 
microphone and mixing arrangements for a selection of these 
mixes. It is intended only as a guide; if further time had been 
available, other arrangements would have been tried and these 
may have produced improved results. Earlier programme 
production experiments are described in [1]. 

1. Crathes Castle  
The 15 minute programme, “Crathes Castle and Gardens”, 
recorded in 1992, features a variety of external views of the 
castle and gardens at Crathes in Scotland.  Short sections were 
produced with multichannel audio.  Here the programme is 
accompanied by music and low-level ambience sounds; some 
sound effects are also used in the front when appropriate.  

The music originated from a CD but went via analogue tape 
during editing.  It was used as a two-channel mix on the left 
and right channels with some high-frequency roll-off to 
reduce tape hiss.  Figure 1 shows, diagrammatically, the 
positioning of the sound sources. The centre channel was used 
for sound effects relating directly to the picture, for example, a 
mono recording of the water falling from an ornamental statue 
into a pond. (It is a version of this sequence which has become 
the well-known multichannel test item "fountain music".)  

External ambience, including birdsong, etc., from sound 
effects CDs, was added into the surround channels to convey a 
spacious, ‘open-air’ impression. In order to give wide 
separation between the surround channels, two different 
versions of ambience were used for the left and right sides. In 
each case, the original two-channel effects recording was 
routed to front and surround channels for that side. This 
ensured that a listener seated over to one side would still hear 
ambience from the other side, whilst also helping to blend the 
front and surround sound presentations into one.   

The music, with artificial reverberation processing, was also 
fed at low level into the surround channels.  

Overall, the surround presentation worked reasonably well 
although the level of the surround channels needs to be 
adjusted with care as the ambience, and, in particular, the 
birdsong, can become intrusive if the level is too high.  

2. The Wind in the Willows  
This 15-minute programme was recorded in May 1991 and 
features a variety of woodland animals in an open countryside 
setting with woodland and river nearby.  The theme comes 
from the story, "The Wind in the Willows", and includes 
dialogue throughout, taken from the book, and read by a 
mother to her child during a picnic.  

The BBC's Natural History Unit produced the necessary audio 
effects, such as the pattering of animal feet, water splashes, 
rustling of leaves and a hedgehog eating! These were, in 
almost all cases, fed directly to the centre loudspeaker, as the 
corresponding visual action was generally centre screen.  
Figure 2 shows the positions of the sound sources in the final 
mix. 

The dialogue, which was recorded on location, but 
subsequently overdubbed to give better quality, was also fed 
only to the centre channel.  

Outdoor sound effects, such as birdsong and sheep, etc., from 
CD, were fed to left-front and left-surround channels. Similar, 
but different, effects were fed to right-front and right-
surround.  This, again, was to ensure that off-centre listeners 
would clearly hear ambience from both surround channels.  

Music - left
Ambience 1 - right

Music - right
Ambience 2 - right

Effects

Ambience 1 - left
Music - reverb

Ambience 2 - left  
Music - reverb   

Figure 1. Position of sound sources for “Crathes 
Castle” 
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Further outdoor effects were fed to left and right front, as well 
as the noise of the stream, when appropriate.  At one point a 
dog jumps into the water and swims, off-screen, to the left.  
For this, the mono 'splash' effect was panned using a three-
channel pan-pot, from centre to left, to move the splashing 
noises across the frontal sound stage as the dog swam past. 
Various experiments were tried with this effect and, overall, it 
was felt that some movement of the sound image was required 
to follow the dog; leaving the effect in the centre whilst the 
dog moved to the left did not work very well.  

Another scene involved underwater views of fish. For this the 
external sound effects on all channels were filtered, cutting the 
high-frequency content, so that they continued, but from an 
underwater perspective. In addition, other ‘underwater’ 
sounds were added to enhance the different ambience.   

3. Edinburgh Street Scenes  
This is a short presentation showing views in the city of 
Edinburgh during the Edinburgh Festival in August 1992. It is 
backed by music and ambience effects.  

The pan-pipe music, (off compact cassette from the street 
band seen at one point) was fed to the left and right front 
channels. It is unrelated to any of the pictures.  Some of the 
music was also fed to the surround channels via an artificial 
reverberation unit.  Sound effects of people talking outside 
were fed to the surround and left and right front channels. The 
centre channel is unused throughout.  

Although entirely artificial, the surround sound presentation is 
quite acceptable and makes a pleasing demonstration item. 

4. Gymnastics  
The World Gymnastics Championships at the National 
Exhibition Centre, Birmingham, UK., in January 1993 
provided an opportunity to experiment with multichannel 
sound at an indoor sporting event.  

The section chosen for a multichannel mix was a single 
gymnast performing a routine on a pommel horse, as this had 
good audience reaction.  The main sound contribution came 

from the audience with the acoustic of the hall conveying the 
‘atmosphere’ of the event.  This was provided by a pair of 
microphones (Sennheiser 416) facing into the audience 
feeding the left and right front channels, and a second pair of 
microphones (AKG 460) pointed toward a different section of 
audience, feeding the surround channels.  A stereo 
microphone (Neumann 191) was positioned to record the 
sounds from the performance (mainly of hands striking the 
pommel horse).  These were mixed to mono and fed to the 
centre channel. Figure 3 shows this arrangement. 

The commentary was mixed in mid-way between left and 
centre front to place the commentator outside the picture.  

Overall this gave a reasonable ambience effect which 
conveyed the impression of a large hall.   

5. Ballroom and Latin American Dance  
This programme was recorded at the UK Dance 
Championships at the Bournemouth International Centre in 
January 1993.  The dance performances were carried out on 
an approximately square, dance floor with musicians across 
the far side, raised on a stage and with the audience seated 
around the other three sides.   The entire sound mix was 
created from the music and the audience reaction to the 
dancing. There was no sound contribution from the dancing 
itself.  

A simple microphone arrangement was used with four 
microphones facing into the audience at various points along 
the edge of the dance area. As shown in Figure 4, these were 
fed to the left front, right front, left surround and right 
surround channels to give a wide, spacious acoustic.  The 
music recording was mixed for conventional television 
presentation at the event and only a two-channel mix was 
easily available.  This was used without further processing and 
fed to the left and right front channels.  The centre channel 
was therefore unused for this experiment.  

This generally produced a pleasant mix with the surround 
sound conveying ambience of the dance hall. As the centre 
channel was unused, this was essentially a two-channel mix, 
enhanced by adding audience reaction into the surround 
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channels and this worked surprisingly well considering its 
simplicity. 

6. The Edinburgh Jazz Club  
This programme was recorded in August 1994 at the 
Cavendish Club in Edinburgh.  The set was a recreation of the 
‘Cotton Club’ and the event was part of the annual Edinburgh 
jazz festival.  Unfortunately technical problems marred the 
recordings but sufficient tracks were recorded during a few 
performances to experiment with a multichannel sound mix.  

The event was held in a relatively small hall, with the 
audience seated informally at small tables and the performers 
on a stage at the front.  The instruments were separately 
covered by individual microphones, with a pair of 
microphones farther back in the auditorium to pick up 
audience reaction.  

The capabilities for the mix were limited but the instrument 
microphones were fed to the front three channels, panned to 
their appropriate position and with some artificial 
reverberation added to produce a better sound than the ‘dry’ 
sound of the close microphones. The two rear microphones 
where fed to the two surround channels to give audience 
reaction and convey the ambience of the venue.  

With the limitations imposed by the recording, this item works 
surprisingly well. However, had it been possible, additional 
audience microphones would have been beneficial in helping 
to blend the front and rear sounds together.  

7. The Bluebell Railway  
This 12-minute programme, recorded in August 1994, features 
steam locomotives at the Bluebell Railway in Sussex, UK. 
There are internal and external views of locomotives together 
with countryside views with the trains passing.  

Much of the general ambience required was taken from effects 
CDs, but with many specific effects recorded at the location. 
In many cases these location recordings used 5 microphones, 
three Sennheiser 416 microphones facing forward for the 
three front channels and two Sennheiser 416 or 816 
microphones facing backward for the surround channels. 
These microphones were each on a separate stand and 

typically within about 1 metre of each other. This ‘cluster’ 
arrangement is depicted in Figure 5, together with the 
positions of the sound sources with the final mix. 

Various extra effects were added from sound effects CDs, for 
example countryside ambience (sheep, birdsong, etc.) was 
added to most of the external scenes. These effects were again 
added, as two-channel recordings, down the left and right 
sides independently to give a wide, spacious sound which 
could be heard clearly at any listening position. 

Recordings inside a moving railway carriage were made using 
five 416 microphones to feed the five channels.  Two were 
directed toward the action for left and right front channels, 
one on a hand-held pole was positioned as close as possible 
for recording of dialogue and other effects and this was fed to 
the centre channel.  The surround microphones were 
positioned elsewhere in the carriage, in some cases facing 
toward open windows, to record the ambient sounds of train 
motion.  

Recordings from the footplate used a pair of miniature 
microphones (Sony ECM50 with W3 windshield) concealed 
within the cab for left and right front channels.  A 416 on 
hand-held pole was used for dialogue and effects (e.g. 
shovelling of coal into the firebox).  A pair of 416 
microphones were fixed to the tender, facing rearward, to 
record the sounds of train motion for use on the surround 
channels.  

The variety of internal and external views allowed some 
experimentation with the sound mixing.  Generally, the 
external views, with ambience added to the rear channels 
worked reasonably well (as this arrangement has with other 
programmes). The scenes inside the railway carriages 
produced a different ambience in the surround channels and 
this contrast in acoustic emphasised the change of scene 
significantly.  Other views, such as a train passing under a 
bridge (on which the listener is standing), allowed the 
surround channels to be used for effects, e.g. train whistles, 
narrative dialogue, etc.  Although generally effective, some 
care needs to be taken to ensure that these additional sounds 
do not become too intrusive and distract the listener from the 
intended focus of the scene.  
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Figure 4. Microphone and mix arrangement for “UK Dance Championship” 
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Figure 5. Arrangement of 5 microphones and sound sources for “The 

Bluebell Railway” 
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8. Noel's House Party  
This programme, which shows the preparations for and then 
the live broadcast of a light entertainment programme, was 
recorded at BBC Television Centre in January 1993. The 
broadcast programme is made with a studio audience and so 
lends itself to a surround sound presentation. 

Dialogue from the artists was principally from personal radio 
microphones and was fed to the centre channel.  A large 
number of microphones were slung above the audience and 
these were mixed to left and right front and surround channels 
to give an impression of the audience sitting around the 
listener.  Many additional bursts of music and sound effects 
were used during the programme.  These originated in two-
channel stereo form and were fed to the left and right front 
channels.  A recording of the production talkback was also 
made and this was mixed in to the left surround channel in 
some versions (for example the MPEG test item "party talk") 
to enhance the ‘live broadcast’ nature of the original 
programme.  

In many ways this mix worked very well, probably, in part, 
due to the nature of the programme itself.  Views from the rear 
of the studio, which include the audience, help to place the 
viewer within the surround sound that they hear and make the 
sound and picture blend together well. 

9. Tennis from Wimbledon  
Recordings were made at the All England Lawn Tennis 
Championships at Wimbledon from 1989 to 1993.  Over the 
years the microphone technique was refined somewhat; the 
most recent set up is described.  

Figure 6 shows the arrangement of microphones used around 
the court and how these were used in the mix. A stereo 
microphone was positioned at the near end of the court, facing 
the players.  This picked up near-end court effects such as ball 
hits, footfalls, grunts, etc., and was fed to left and right front 
channels.  A 416 microphone on the umpire’s chair was also 
used to pick up effects from the far end of the court. This was 
fed to the centre channel and used to enhance the on-court 

effects which were too distant from the near-end stereo 
microphone.  
 
To give clear crowd effects, two Sennheiser 416 microphones 
were aimed at the crowd to the left and right sides of the 
playing area and were fed to left and right surround channels.  
A pair of Sennheiser 816 microphones in the canopy above 
the crowd at the near end of the court were also available for 
the mix.  Where appropriate, these were used in the surround 
channels to give a overall impression of the ambience of the 
event. 

The Wimbledon Tennis mixes have always worked well in 
surround sound. The crowd sounds produce a pleasant sense 
of being at the event and convey the tension of the crowd as 
the game reaches a decisive moment. Some care needs to be 
taken in placing the surround microphones otherwise the 
perspective of the crowd can be too close and individual 
voices can be heard too distinctly. 

10. Trooping the Colour 
Part of the UK military ceremony, “Trooping the Colour” was 
recorded in 1996 for a multichannel mix. This ceremony, 
which is performed to the Queen, centres on the handing over 
of the symbolic flag, “the Colour”, to its custodian for the 
subsequent year. The ceremony involves a large number of 
marching troops and bandsmen and is performed annually on 
the open-air parade ground, Horseguards Parade, in central 
London. 

The parade ground is approximately 400m by 400m and is 
enclosed on three sides by tall buildings.  Twenty 
microphones are used to cover this area, mounted mainly at 
camera positions, but also at various points on the surrounding 
buildings, as shown in Figure 7.  Because of the large spacing 
between the clusters of microphones, the technique adopted 
for the stereo mix has been to use one cluster of microphones 
at a time. As the marching bandsmen pass from one cluster to 
the next a cross-fade is made at the point when the sound 
becomes co-incident in both and in this way, echo effects in 

 

Stereo mic -
left

Stereo mic -  
right  

416
(Umpire's

chair)

Crowd - left Crowd - right  

commentary umpire

416
crowd - left

stereo
mic

416
crowd - right

2 x 816
canopy L and R

Umpire's
chair

 
 

Figure 6. Microphone and mix arrangements for “Wimbledon Tennis” 
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the mix are minimised.  

For the multichannel mix a similar approach could be used for 
the front channels but this approach would limit the use of the 
rear channels and might be distracting as changes in the nature 
of the crowd noise behind the listener may be noticeable.  

To avoid these problems only a short section of the ceremony, 
where the bandsmen were always within the central area of 
the parade ground, was mixed in multichannel. Furthermore, 
as the mixing console had delay available on each channel, it 
was possible to co-time the all microphone signals to 
minimise echoes between channels under these relatively 
static conditions. In this way the five channel mix could make 
use of all of the microphones available and an acceptable 
result for both the front and rear channels was achieved.  

The beneficial effect of the compensating delays was 
dramatically illustrated when the bandsmen moved away from 
the central area for which the delays had been set. The echoes 
gradually increased up to about half a second which, in the 
five channel mix, produced a very confusing sound with 
different echoes between the different channels which 
depended on the position of the individual bandsmen at that 
moment. Acoustic echoes from the surrounding building were 
also contributing to this problem. 

Without changing the compensating delays during the mix it 
is difficult to see how these problems could be overcome 
unless the approach used for the stereo mix is adopted and the 
use of the surround channels is restricted. 

11. Ariodante 
In late May 1996, two performances of the Handel opera 
Ariodante performed by the English National Opera at the 
London Coliseum were recorded in High Definition 
Television. To allow proper post-production of the stereo 

sound required for final programme, the output of some 50 
microphones was recorded on 13 Tascam DA88 recorders, 
configured as two banks of 48 tracks (main and backup) and 
one recorder for “ambience” channels. 

It was only ever the intention to produce the final programme 
with stereo sound, so the microphones had been placed with 
only this in mind. The orchestra pit at the Coliseum is rather 
wide and not very deep so it was imperative to “close mic” 
each instrument individually, requiring over 20 channels. 
Three further omni-directional microphones were placed in 
the orchestra pit (left, centre and right) for overall pickup.  For 
the on-stage sounds, seven microphones were placed along the 
front edge of the stage (hidden from audience view) and eight 
more were hidden in the set or in the wings to capture action 
towards the rear of the stage, as illustrated in Figure 8. There 
were also two gun microphones mounted at balcony height 
(one either side of the stage), three microphones suspended 
from the lighting bridge above the stage (left, centre and right) 
and a distant stereo microphone suspended from the roof for 
audience reaction. 

While it was realised that it would be impractical to produce a 
multi-channel sound remix for the entire three hour long 
opera, we hoped that some items could be produced with 5 
channel sound to provide material for listening tests and 
demonstrations. To provide a better chance of capturing 
realistic “atmosphere”, two extra cardioid microphones were 
added. These were placed one on either side of the stage at 
balcony height, facing backwards and upwards towards the 

rear of the theatre. In this position, they received little direct 
sound from the stage and orchestra, since the were in the 
acoustical “shadow” of decorative columns either side of the 
stage. For the second of the two recording dates only, more 
setting up time was available and a second pair of omni-
directional microphones was placed about 3 metres apart, just 

audience seating audience seating

416
under
arch

radio mic for
Field Officer

mounted on horse

816+30
on 200' hoist

816+416's

RSM 191 (X,Y)816

stereo radio mic
816 / 30

816

416 MKH
60 / 30

816+416's
on roof

816

 
Figure 7. The microphone placements for “Trooping the Colour” 
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above and behind the stalls. The outputs from these four 
microphones were recorded separately. 

For the multichannel post-production, we were required to 
make use of the already edited High Definition pictures. 
Because of the limited number of cameras available during the 
original recordings, the cameras were moved to different 
locations within the theatre on the two recording dates in order 
for the producer to obtain the best camera angle for each shot. 
This means that the final production has a very large number 
of vision edits, many of which cut between the two 
performances. Of course, the audio also has to be edited to 
match - on average, more than one audio edit per minute 
throughout the entire production ! 

With these restrictions in mind, three items were chosen for 
multichannel post-production. These sections were chosen as 
they were visually interesting, displayed well the capabilities 
of high-definition video and provided contrasting images and 
sound. 

The post-production was done in December 1996 and used 7 
playback Tascam DA88 recorders, two Yamaha DMC1000 
mixing consoles, an editing controller (BVE9100), with video 
playback and another DA88 to record the results. Each item 
was between three and six minutes in length, with a total 
length of around 14 minutes. 

The actual mixdown was produced by the sound balancing 
engineer who had been responsible for the stereo presentation. 
In order to re-create the same “wide” orchestral sound as 
would be heard in the actual auditorium, most of the 
instruments were panned across the entire front soundstage 
(i.e. L,C,R), with the first violins (left side) and the cellos 
(right side) panned slightly between the corresponding front 
and rear speakers to increase the effect. Artificial 
reverberation and the signals from the three omni-directional 
microphones in the pit were used to “soften” the orchestra 
sound slightly. This arrangement was used for all three of the 
re-mixed items. 

To provide the ambience in the rear channels, the pair of 
rear-facing cardioid microphones was used, along with a small 
contribution from the three omnis in the pit. The same 
artificial reverberation which was added to the front channels 
was also included, by panning the echo returns to both the 
front and rear channels. Because the pair of omni-directional 
microphones at the rear of the stalls had only been present 
during the second recording, we unfortunately could not use 
them in any of the items (all required edits between the two 
“takes” which was unexpected at the time of recording). 

The first item is the simplest of the three acoustically. It is an 
aria with a single female singer who stays mostly in the same 
place onstage throughout. In this case, a satisfactory effect 
was produced by simply panning the singer’s voice as picked 
up on one of the front of stage microphones to the centre 
loudspeaker with no attempt made to follow any movement. 
The only difficulty with this item was matching the perceived 
sound images together between the two takes where an edit 
was needed to follow the vision. 

The second item (also a solo aria) has considerably more 
movement on-stage and an attempt was made to move the 
singer’s voice in the sound image to match what was being 
seen on the screen. The absence of true LCR panning on the 
mixing desks made this difficult to achieve accurately, and the 
finished mix shows somewhat abrupt rather than smooth 
movement, especially through the centre of the sound image. 
Another problem also appears - a slight but noticeable change 
in sound quality is inevitable when the singer moves from one 
microphone to another further along the stage. Normally, 
when the sound image is not moved, the ear appears to accept 
this (especially in conjunction with the visual motion 
on-screen), but panning the sound image seems to accentuate 
the acoustic differences between the microphones. The overall 
result was slightly disappointing. Had the performers been 
using radio microphones, this item might have been rather 
more successful. 

 
 

Figure 8. The on-stage microphone placements for “Ariodante” 
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The third item was visually rather more complex than the 
others and has almost the entire cast on stage at once. 
However, none of the on-stage performers is actually singing 
during this item - the voices come from a chorus in the 
orchestra pit. This slightly relaxes the requirements for 
sound/vision timing and enabled the removal of one of the 
sound edits which had been necessary for the stereo 
presentation. This item has a lot of movement on stage and the 
front of stage microphones and those suspended from the 
“bridge” were used to capture this. 

The intention of the sound balancing engineer was to recreate 
the atmosphere of “being there” in a large theatre during the 
performance. The end result from this experiment is perhaps 
not totally “accurate” (the orchestra is perhaps acoustically 
still too near the listener), but is very easy to listen to. The 
level in the rear channels is surprisingly high when measured, 
but this does not seem to affect the clarity of the overall 
sound. 

12. Conclusions. 
The results of the programme production work described here 
have indicated that multichannel sound can offer a level of 
performance which is much better than that of two-channel 
stereo.  

The constraints of using the same microphone positions as 
would be adopted for a two-channel mix has not detracted too 
severely from the overall results but additional microphones, 
particularly for the surround channels, can give a worthwhile 
improvement in the quality of the surround presentation. 

Despite the success of these mixes, as opportunities arise, it 
will certainly be useful to consider enhanced microphone 
techniques in order to achieve the maximum benefit from both 
the centre and two surround channels. 

This work is of particular relevance at the moment with the 
launch of DVD offering to the consumers a medium capable 
of providing discrete surround sound directly into the home.  
Over the next few years, digital television services will be 
launched in various countries around the world, which 
themselves are also capable of supporting discrete surround 
sound.  As more and more people witness first-hand the 
benefits of the unconstrained 5.1 channel audio productions, 
the recording industry will inevitably turn the experimental 
practices reported here into normal work routines.  What they 
will undoubtedly find is that the production freedom offered 
by discrete five-channel sound, allows much more challenging 
and enjoyable sound mixes to be produced. 
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