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Though Ambisonics offers the
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: potential for true three-dimensional sound, it remains a commercial
non-starter in danger of being swamped bv inferier ‘surround’ systems. Trevor Butler explains. . .

FTEN TALKED ABOUT. rarely

sampled. Ambisonic surround- :
sound is well-established in theory. |
though it has but vet to see {15

hevday in praciice. The technelogy has been
more readily accepted in professional applica-
uons than in the world of hi-fi. But what is

sapbisonics an s what can it do for the rmusic

ver?

While it is trwe that the audio industry has ¢

spent millions of pounds developing hi-fi.
often with the main goal of trying to make the

renroduction &3 near the original as possible. |

¢ the [96s the work has centred arcund
—wre0. In real life. though. we hear trom all ;
around. not iust left and right. There is i

. detailed information from the front. back. |
: above and beiow for the brain 10 process.
Yet. in the majority of hi-fi installations. this

formation i split for just fwo separate !

irontal signals. It can be argued. therefore.

that a svstem incapable of accurately repro-

ducing front-back and up-down information is

. imposing a semous kind of distortion: “direc- .

. tional distortion’. This was in the minds of the .
the surround

inventors of Ambisonics -
sound sysiem hased on encoding the structure

. of the sound tields at the original recording or

" simutating it synthetically.
Quadraphonics was aimed broadly at the

- me concept. It used separate microphones |

- capture the sounds at the rear of the
cencert hall (o improve the ambience. This
effort was fargely empirical in its assump-

! tion and it is in this way that Ambisonics has
" e astage farther towards realism. Because
was not constrained by precise physical
theory quadrzphonics suffered from standar-
chzatien problems and its life span was short.
An important conirast is that Ambisonic’s
«w<hnology is based on a precise and unambi-
2uous techmical specification of how the
encoding method should handle every direc-
" tion of sound in space. This can be contrasted
. with the guadraphonic approach in which the
handling of only four speaker directions was
explicitly specified. with other directions
being left largely to chance.

History

! was as fong ago as the 1930s that Blumlein
~wtented the concept of stereo, something
which later came 1o dominate the hi-fi scene
and has dome so 1o the present dav. But
Blumiein's work alse laid the very founda-
. tions for Ambisonics. He said that vou
: perceive direction between loudspeakers if
vou capture a sound’s relative intensity in
each channel (loudness) and if. you can
. Capture the relative difference in time it took
for the sound 1o first appear from one channel
and then the other {phase). One of the 70
viuims deseribed in the original patent was a
taradity” of speakers in suitably spaced
feiationship to the listener. Thus stereo was
v unlv g convenient reduction of a more
e

tions: the effect was lost once one’s head was |
turned or the speakers moved. The techni- |
ques could not capture any height informa-

The Calred Sondlicid nncrophane, caver removec 1o

reveul o vapmles
general concept which made it practicable
with the technologs of the day.

By extending the concept of Blumilein
stereo miking w three dimensions ancd by
capturing the refative magnitude and phases
of ali signals in the room as they arrived at the
microphone. it became possible to record all
the sonic direction clues needed for a listaner
to get a realistic impression of actually “being
there’. Figure 1.

The work an Ambisonics was carried out
almost 20 veurs ago by Professor Peter
Fellgetr of Reading University and Michael
Gerzon of Oxford. making it a uniquely
British contribution to the world of surround
sound.

Ambisonic technology embraces several
aspects of the origination of signals carryving
directional information. their processing,
recording and the way in which the listener is
able 10 make use of these signals. This
encoding of directienal information is always
in terms of the relationship of the signal
format to the direction that is to be repre-
sented, and nut by reference to an arbitrary
concept such as ‘corner directions’. A
pecessity s that the signal formats should
vary smoothly with direction, without any
sudden jumps in value or gradient.

Ambizsonics dues not mean that an existing
stereo svstem has ta be replaced - the two are
compatible, und «tereo can still be received
with just two of the Ambisonic channels. with
no extra hurdware. To enjoy the benefits of
full “surround sound of varving qualities, up

to the full 3-D. a decoder is added together
with more speakers and further amplification.
In the demonstration 1 saw the decoder was
piaced between the pre-amp and the main
power amps, and with an extra amp attached
to the decoder’s additional terminals to drive
successfully the fill-in speakers. A full review
of a domestic decoder will foliow in a future
edition of HFAN'RR 2: the ¢quipment is
currently undergoing some enhancements.

The National Resezrch Developrent Cor-
poration were early financiers of the Ambiso-
nic project and NRDC signed an agreement
with the Ambisonics izam (o produce some
financial backing. The NRDC was replaced
by new sponsors in the form of British
Technical Group (BTG) who started in fine
fettle by having a Seminar in London and
organizing other Workshops. Then followed
Ambisonic Limited. z licensing company set
up to promote the idea worldwide. All
Ambisonic rights previously held by BTG are
now owned by this new company who is
actively pursuing a policy of developing
technology markets and also of siimulating
the development of the hardware and soft-
ware. Ambisonic Limited is pari of the
Avesco pic Group which is already active in
the professional video industry.

Perhaps one reason Ambisonics has not
been a raging success so far is that people still
remember the frustraiing mistakes made by
nearly everyone in promoting the three ill-
fated quadraphonic svsiems: SQ. QS and
CD4.

These attempts and others to improve
stereo imagery have resulted in the use of
either complex multi-way speaker systems or
the simplistic "doubling up’ of a stereo output
to duplicate the original sound through a
second pair of speakers. often with the use of
a delay line.

It 15 generally accepted that these early
efforts to produce surround scund under the
guise of quadraphony were a failure. Possibly
a preconception arose thai because stereo
employs fwo channels feeding /wo loudspeak-
ers, therefore four loudspeakers required
four channels. Additicnaliv. because the two
channels of conventional stereo have a high
degree of separation. this was deemed a
necessary function of "quad’.

Futile attempts were made to mix the four
channels down into two, with some hope of
recovering them on playback, But no matter
how sophisticated or expensive the playback
equipment, the reproduction is unnatural
when compared 1o a live concert hall per-
formance, ieaving much to be desired. ‘Poor
imagery’. albeit an esoteric term, cannot
elude a discerning ear and would usually
leave the listener dissatisfied. The Ambisonic
concept with its UHJ encoding attempts to
address this problem by providing more
information. and it is in this area that
Ambisonics differs fundamentally from other
attempts to produce a “surreund sound’.

Nowaduys, with the development of digitai
reverberation devices replacing echo springs.
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it has become common practice 16 add. ofien
in exaggerated quantities. artificial reverb to
compensate for losses in the recording,
Whilst partly successful. it can he argued that
this does not give the true impression of
hearing reverberant information from
behind. above. and below —al best it tends 1o
make frontal images deeper. rather like
standing at the back of the concert hall.
Ambisonics is concerned with rectifving this,
The structure of the sound felds in the
original concert hail must be considered an
integral part of Ambisonic technology. Sound
waves travel in straight lines and would be
emitted as 2 “direct sqund” from a stage but,
as with any normal acoustic environment, a
certain amount of the wound is eventually
reflected. giving ‘priman reflections’. Furth-
ermore. the scund waves could continue 1o
bounce off walls and other surfaces 10 give
secondary reflections” which will cominue
until the sound pressure fnally dissipates.
Unfortunately. because vne does not have
a listening environmert the size of the Rovai
Atbert Hall or the finances necessary for
acoustic design. it may sesm impossible to
create the reverberant field which existed in
that original hall. Also. and perhaps more
nportantly. the ereator of the work have no
control over the arew in which the recording
will be replaved. therety secrificing an impor-
tant aspect of the artistic work and feaving
things muinly to chance. Tais is where Ambi.
sorics comes especially into ity own,

Encoding

The abilits 1 send directional information 10
the Jistener is dependent upon the number of
audio chunnels. But. i W of dictating the
number of channels. Ambisonics teaves this
1o the recording studio - und the number is
governed only by fundamenal Emitations.
The UHJ Ambisonic spesifications include
signal formats using two z2udio channels. as in
stereo: two and a half channels, that is with
an extra channel of restructured bandwidth
or amplitude: three chunnsis. or four chan-
nels, for the realization of full sphericat
surround sound.

In essence. Ambisonics iy capable of cap-
taring acoustic pressure and the directional
acoustic velocities of a sound. Wherever you

€. vou experience only one air pressure at a
ame. and since there are only three possible
dimensions for sound 1o travel in (leftiright,
front’back. and up/down; vou need onfy 4
baseband audio-bandwidth Sharnels 1o trans.
mit all the available frst-order information,
Hence. within this sort of svstem. sounds of
any intensity and direction in space can be
represented in a manner which is non-ambi-
guous and non-redundant.

The encoding specification used with
Ambisonics is classed Universal Hi ("UHI")
and incorporates the former HJ syvstem. from
the BBC. used in ragio experiments,

As mentioned. the fuil UHJ encoding set is
able to use up 10 three avdio channels for
horizontal surround. and a fourth channel for
full spherical surround: L aad R for the basic
pair as in conventional stereo: T for enhanced
directional resolution for horizontal sounds:
and P for additional elevation information.
The fourth channel, then designated Q. can
alternatively be used 1o convey the “speaker
emphasis’ effect in case anvone likes this.

The initials UHJ on a record or CD
indicate that it is in the prescribed Ambisonic
format. It iy a major fuctor o in the
existence and use of UMJ recordings that

they are all stereo-compatible; indeed some
have received awards judged just on their
stereo qualities. including & Grand Prix du
Disc. Moreover the listener possessing a UHJ
decoder can use it not only for UHJ-encoded
software but afse for ordinary stereo releases.
using the “sterec decode” mode of the decoder
1o give enhanced enjoyment. .

As part of the technology associated with
Ambisonics. a special “Soundfield” mic
rophone has been developed. This was
invented by Dr Peter Craven and Michael
Gerzon in Oxford in the early 1970s. After
practical development with Calrec Audio.
Ken Farrar the Managing Director of Catrec,
set about the task of putting it into commer-
cial practice. Almost two decades ago the
Soundfield microphone was thus invenied.
and today is manufactured solely by Calrec
Limited. although is now in its Mk IV form: a
remarkable achievement for which Mr Earrar
deserves much credit,

In its simplest form. the Soundfield consists
of 2 geometrical array of four very closely
spaced capsules instead of the customary one
or two. The signals from the individual
capsules are combined by addition and sub-
traction. together with equatization. filtering
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Figure |: Quadraphanios i resiricied 10 1 9 tsuble
Jront stage wnd rear stage. Ambisonics can Live nivch
wider front und rear stuges., even wih Just 4 speakers

and phase-correction. 1o provide a full set of
signals giving the required information
regarding direction of sounds from all
around,

The Soundfield provides by far the easiest
way 10 record for Ambisonic applications but
is not the only possible way. Systems
employing more conventional microphone
techniques may zlso be employed.

Unlike Ambisonics. the Dolby Surround
system is intended 10 be accompanied by
pictures. It is not surprising therefore that it
is. urlike Ambisonics. frontally originated,

With Dolby. the predeminant sound ori-
ginates from. and is associated with. the
on-screen sources. The surround channel
serves 1o convey spatial information. adding
depth 1o the audience's perception of the
sound by mimicking the ambicnce and direc-
tional signals familiar in real life,

All the Dalby Surround decoders conrain
circuits to reduce the audibility of front-
channel leakage into the surround channe
thereby preserving the necessary degree of
realism. These feature a time delay. limited

surround channel bandwidth and a modified !

form of Dolby-B noise reduction,

Like the psychoacoustical phenomenon
known as Haas effect. the Dolby principle is
based on the fact that the mind identifies the
first place from which a sound is heard as its
origin and mentaliy ignores other sources of
the same sound arriving fater. Making use of
this, Dolby Surround provides a time delay to
ensure that any front channel leakage fram
the surround speakers will not cause distrac-
ton, The signal from the front speakers
reaches the ear first. <o the mind will ignore

k)

the same signal coming from the surtousnd
speakers several milliseconds later. )

Dolby Surround decoding systems are
categorized as either passive or active,
depending upon the matrix circuitry
employed. A fixed L-R matrix is used in the
passive units, while a variable matrix with
logic circuitry is used in the active Pro-Logic
Surround units.

Decoding

In order to convince the ear that it is hearing |
a smooth soundfield from just a few speakers, :
it is essential to have a knowledge of the way
sound is received. with particufar regard to -
the direction: a multiplicity of mechanisms of °
localization used by the Fuman ear and the
relative importance of these changes accord-
ing to frequency range. The Ambisonic -
decoders are tailored 10 fit these
psychoacoustic mechanisms. the decodin
equations being frequency-dependent in suci.
a way that the total perceived sound-energy is
uniform with frequency. while ar the same :
time each mechanism s favoured in s own
frequency range.

The more characzeristic features of Ambi-
sonics are displaved in the use which the
listener makes of the signals received. It is
here that the final step is taken in disguising
from the ear the limited number of radiating
loud speakers. The task falls to the Ambise
nic decoder which has the function of usin,
the received signals 1o generate a set o
loudspeaker-feed signals. These must cause
the speakers 10 radiate sound which combine
tn the room to corvince the brain that it js
perceiving a smooth. gll-roend distribution of
possible sound directions. Ambisonics recog-
nizes that valid speaker feeds cannor exist at
any earlier point thar this in the transmission
chain and. as such. is contrary to the pre-
sumptions made by other. crider systems
This comes about because the necessary feed
depend on the size and shape of the speaker
layout, and this will differ from one Hstener
to another. It'is for the same fundamental
rezson that, with Ambisonics. the number of
speakers used is not prescribed, and the
choice is feft to each individual. Four speak-
ers used for horizontal surround do not need
1o be in a square format either - indeed this s
often impractical in a domestic environment.
Instead, the decoder has a lavout controt and
an adjustment enabling the outputs to b-
optimized for the room size. ‘

It should be stressed that. unlike more
cenventional systems. with Ambisonic sound
it is not necessary 10 sit in the centre of the
listening room to fully appreciate the effect,
[t can be set up for a normal seating position.
After ail, no one wanis 10 sit in the middle of
a room - it can look very odd.

Obviously the more speakers that are
employed, and the berter their gualitv, the
better the re-creation of the acoustic press
ures and velocities which are necessary .
produce a convincing soundfield. The aim o
Ambisonics is that the sound repraduced |
should be virtually indistinguishable from the
original.

ltis clear though that an infinite quantity of
speakers (or *handles’) would be required 10
reproduce exactly the information present at
the recording. Stereo has only two such
‘handles” acting on the air and they usually
‘grab’ it from just one end of the room. With
more ‘handles’ working together along more |
edges, it is much easier 10 establish reguli: |
patterns, It follows that the greater th:
number of *handles’ the finer the resolution: |
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of the patterns re-created, so the greater the
number of speakers the more convincing the
rendering of the original acoustic space. -

A minimum of six speakers is required for

full spherical surround sound inciuding both

horizontal directions and height; these must
be suitably positioned and can be considered
: 10 be the finest way of reducing *directional

Hstortion”,

Many domestic environments can

z.commodate only 1two pairs of speakers
; theugh, but this will stili allow for the benefits
{of an Ambisonic decoder. Some rooms, by
contrast, can more easily accommodate six
speakers (which can be smaller and cheaper
individually) and Ambisonic decoders can
{ accommiodate such lavouts aiso. It is impor-
ftant to understand that all the speakers are
i involved with the sounds from any direction.
¥ a speaker obtrudes as a separate source of

“and it may be that it is receiving either too

choor teo little signdl, or the phase mayv be
wrong.

It is a fortunate coincidence that it is the
Vlower frequencies, below around T00Hz,
!which take the lion's share of the available
j electrical power to reproduce an equivalent
| I frequency acoustic power, A single sub-
' ‘er in a convenient location, combined
an the miniature satellite speakers of an

' Ambisonic array. can produce a directional
cooustic field, but with sacrifices of low

-quency directional rendering.

Jecause Ambisonics caprures four types of
-information (sound pressure, and three
. dimensions of sound velocity) about an
i acoustic environment. four channels are thus
i heeded to transmit the complete information,
IThey do this directly in the professional
i Ambisenic *B” format. but. to ensure mono
iand stereo compatibility in the consumer
PUHJ set of formats. the individual channels

zontain a mixture of the information, which

" course can be recovered explicitly pro-
owd that all four PHJ signals are retrieved.
- (Figure 2), However. the resulis must be both
pleasing and meaningful if one or more of the
channels is, for whatever reason, lost.

If three of the four are decoded, the result
will be horizontal *surround sound’, lacking
ienly height information. Losing a further
I channel, leaving just two to decode, resulrs in
| reduced sharpness or focus. If these two

lining channels are fed to g left/right
<0 system, good stereo imaging wil}

LT

Further, if one can receive two of the
; Ambisonic chanrels and they are simply
isummed to get mono. the result is sl
| ‘pleasing’ and by design is an improvement
iover simply summing stereo. In some other
[surround systems, summing left and right

results in complete cancellation of surround
i information.
Because Ambisonic technology defines a
signal format directly in terms of the desired
“irzetienal illusion, it is able to cope with the
2roblems of creative production.

Systems

[ The various surround sound systems in use
lare based on different principles and stan-
; dards. Both the Japanese Regular Matrix and
{ the Nippon-Columbia BMX coding specifica-
i Uons are completely compatible with Ambi-
|

sonic’s surround reproduction. They differ
‘Mainly in that Regular Matrix is biased
completely in the direction of stereo compati-
Mty and, in mono, back-centre signals do
et come through; whereas BMX gives a true
“0ro signal at the expense of ‘phasiness’ in

] T
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Figure 2: Block diagram of an Ambisonics decoder

stereo playback. The preferred Ambisonic
coding lies essentially between RM  and
BMX, thus giving a better overall com-
promise.

in view of all the obvious attractions it has
o offer, why is Ambisonics not already a
raging commereiai success? It is not after all a
1989 creation. For a start. jt would be far
easier to use if the facility were built into the
pre-amptiifier or conwol unit. rather than
necessitating another add-on box. Atempts
have been made to 1ry and interest amplifier
designers 1o incarporate the necessary elec-
tronics but. to date. without success, [eaving
the separate decoding units as the only
available option.

At present only one company Minim (of
Slough) is licensed 10 manufacture the Ambi-
sonic decoders for the domestic market. They
have been actively involved in this field since
1980 and currently have two decoder models:
the AD7 and the AD10. Although a full in
production occurred last year. the company
hopes to be meeting all order demands soon
and has alsc promised some exciting new
developments by wav of expanding the model
range. This interest is stimulated by growth
areas in the United States and the UK, 5ays
Minim. Troy Ambisonics. based in Sunning-
dale. Berkshire. manufactures decoders
intended primarily for in-car use. These have
been successfuliy used in domestic environ-
ments using a 12V transformer.

Minim's Decoders have several modes of
operation. The first is Enhance in which any
reguiar stereo inpuet is widened into Ambi
stereo surround sound enhancement. This
can be considered the primary mode for
conventional stereo material. Second is UHJ
which is selected when listening to known
UHJ-enceded material. This setting can also
produce interesting ard often very pleasing
results on ordinary sterec material, A Bypass
moede negates any effect of the processor on
the ariginal zudio system, offering regular
stereo listening, There is a Width contro}
which provides a variable setting for personal
preference when in the Enhance mode. This
has the effect of moving the listener 1owards
the stage or conversely 1owards the back of
the auditorium where the stereo image is
narrower and left and right channels seem
less well defined.

S0 good can the 3D" effects of enhanced
stereo through a UHJ decoder be that it is
often only a very good ear which can detect
that the surprisingly vivid results are not full
UHJ. The stereo enhance facility, or Ambi-
stereo, is a worthy addition and coutd become
a major selling point. Many of the other
surround systems marketed are only
erhanced stereo. znd yet they have been
successful. With Ambisonics, there is the full
UHJ-decode mode as well, giving surround
information not just a surround effect.

A reversian to straight stereo Bypass maode
will nearly aiways produce a disappointing
effect since conventional stereo is, by com-
parison, ‘small” and ‘fiat’. Adding Ambiso-
nics will probably add greazer pleasure than a
stereo-only system even without UHI-
encoded material, but the listening pleasure

will inevitably be greatly increzsed when
UHJ recordings are obtained. It is nteresting
to note that Nimbus CDs are UHJ encoded

and stereo compatible. The UHJ symbol is |

not. thoug_h. emblazened acrozs Nimbus'
covers but instead a small logo is printed on
the face of the disc itself.

Conclusion

Ambisonics represents a technology that
defines directional sound waves 25 convevs
them around its listener - making the listener
the most important feature of 1he exercise.
To the uninitiated, the Ambisonic surround
sound experience is not one likely t0 be
forgotten. It is under Ambisonics that height
information is given 1o provide what can onjy

really be described ag virtuzlly "3D°. The .

overall effect creates a high degr
ence which totally surrounds the
experience really has 10 be h
believed, although that is cas
done because of the limited aveiabiliny of
suitable decoders. ’
The 3D effects from enhanced stereo and
the even greater benefits of full decoded UM
are likely to have strong appeal. Ambisonics
has been used at amplified pop foncerts to

=2 of ambi-

Minin ADID Ambisonics domestic decas.~z unit

provide a sense of space. The Curz was one
group 10 use it on their 1987 Worlé Tour. The
concept has also found outiers in theme
parks. audiofvisual presentations znd some
cinemas.

Opponents of Ambisonics hzwe argued
against it because. for the purist. it involved
exiza steps in the replay chain which are
thought to be degrading. (iterally, But having
decided that audio is about creating zn image
of reality, Ambisonics is much claser 10 the
way the human ear hears than a stereo system
is ever capable of being. If it is nearer it is
arguably more accurare. and thersfore pure.
Lnfortunately the human ear is not “pure” in
the way it works. Qur listeninz. in fact.
modifies the sound spectrum and the range is
divided with different parts of the spectrum
handled separatelv. We are. zpparentiy.
more sensitive to sounds at the bazk at lower
frequencies than we are 1o the position of
sounds at the front at the same r2quencies.
High frequencies are needed 1o give direction
at the front.

Historically, surround reprodustion made
a bad start. Systems were formulated and
promulgated commercially before there had
been sufficient critical thought about the real
aims and objects of surround reproduction.
Unlike attempts 10 apply stereo techniques to
four speakers. Ambisonics represents a
departure in the developmen: of nigh fidelity
sound comparable 1o the jump frem mono to
stereo. As such, it has its own language and
techniques. )

Just as in the early days of stereo. when
¢rude ‘ping-pong’ attempis werz made to
treat it as double mono and the quadraphonic
attempt to treat surround-sound as mere
"double-steres” was recognized as misguided
50 the full potential of Ambisonics will ane
day be realized.
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