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by Nigel Branweli,
Audio + Design Recording, Inc,

any engineers and producers
would consider thal the biggest
limitation faced by those of us

invelved with recording and broadcast-
ing conventional high-quality audio is
no longer distortion, noise, or poor fre-
quency response. It is rather the “card-
board cut-out” sound images caused by
the limitation of having just two louds-
peakers available for stereo reproduc-
tion. Good as stereo may be, it cannot
capture the three-dimensional world of
sounds. Imagine birds singing over-
head, applause from an audience situ-
ated all around, or the sound of footsteps
beneath you as you walk; imagine the
all-surrcunding reverberation of a large
concert hall.

Thisis what the Ambisonic surround-
sound system of recording and repro-
duction can achieve. Ambisonics works
by using the psycho-acoustics of human
directional hearing Lo capiure all direc-
tlons 01 sound around the listener; its
Vit pnuu of e raiion are based o uver
a decade of research and deveiopmem,
Unlike “Quadraphonies,” which was
basically two siereo systems — one
placed in front of the listener, and one

behind — Ambisonics can create con-
vincing and accurate localized phantom
images even between side loudspeakers,
Furthermore, the listener can move
around the listening area, and face in
any direction without losing the sound
image.

Ambisonics is indeed a total systems
approach to capturing surround sound
information, and is almed at meeting
the widest range of professional and
consumer requirements - from the
needs of a listener with a pocket AM
radio, to the audiophiie listener with a
custom multispeaker home system. Not
only isitcompatible with existing mono
and sterec media, Ambisonics also
offers practically unlimited capability
of meeting both near and distant future
needs. Beyond sieveo, the continuing
interesi. in four-speaker sound can be
satisfied by Awmbisenics via existing
records, tapes, and radic.

The Uld (sianding for “Universal
ViU ooy af oncoding divecaonal
sounds into two or more transmission
channels, developed in  conjunction
with the Hritish Broadeasting Corpora-
tion, conveys the Ambisonic soundfield
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to the final listener, and was designed to
achieve outstanding mono and stereo
compatibility, No mono listener should
lose any impeoriant sonic information,
no matter where the producer decides to
place it in space. In addition, a stereo
listener tuned into a UHJ broadeast not
only hears a full-width stereo presenta-
tion, but also enjoys an enhanced sense
of depth and focus not possible with
conventional stereo (ransmission sys-
tems. And, of course, the lstener
equipped with psycho-acoustically
optimized Ambisonic surround sound
decoders hears the precise pattern of
surround sound intended by the
praducer,

{JH Two- and
Multi-Channel Systems

In its simplest form, UHJ uses the
same two recording or transmission
channels as conventional stereo, utiliz-
ing both amplitude and phase to convey
a full 360-degree, horizontal sound
stage. Further enhancement of the qual-
ity of sound images around the listeney
can he achieved by adding a third
recording or transmission channel to
the basic two-channe! encoding. The
effect of full-sphere portrayal of direc-
tionality, including scunds above and
below the horizontal seundfield, can be
conveyed by the addition of another
supplementary channel for height
information.

As will readily be appreciated, this
heirarchical system provides the option
of using two, three or four channels with
UHJ, depending on how many channels
are avalhbw for storage or transm]s
sion Forex S MM hrag
a rocent deo 3 U has made
available three- and four- channel mul-
tiplex FM. Naturaily, broadeasters not
yed ready to update their equipment can
stil! broadeast UHJ in its two-channel
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form. While present-day LL.Ps, casseties,
and Compact Discs convey two chan-
nels, the CD standard allows for future
marketing of disks with up to faur audio
channels. Already, a number of two-
channel UHJ Compact Disces are on the
market.

All Ambisonie systems, whether util-
izing two, three, or four transmission/-
storage channels, can reproduce sur
round sound through four or more
loudspeakers. Most listeners will prob-
ably prefer to use just four speakers for
the time being; however, even better
results are obtained if six or more
speakers are used, since the Ambisonic
system does not convey sounds for just
four loudspeaker channels, but a fofal,
all-direction soundfield. For thisreason,
sound can be tapped off from any direc-
tion to re-create the soundfield via prac-
tically any number of loudspeakers.

International patent rights covering
Ambisonic technology are held by the
NRDC (National Research and Devel-
opment Corpoeration) in Britain, and
incorporate inventions from the USA,
Japan, and Britain. All aspects of this
technology are available to manufac
turers under license.

Studio and Recording Technology

The total soundfield of Ambisonics is
“captured” in the studio in what is
referred Lo as B-Format. This consists of
four signals: W, X, ¥V, and 5. W
omnidirectionai pickup of the sound-
field consisting of sounds from every
direction with equal gain, while X, Y,
and Z are bi-directional (figure-of-eight)
pickups of the soundfield peinting
respectively forward to back, left to
right, and up and down. For horizontal
surround soundfields, the Z signal is set
to zero, only the W, X, and Y signals
being required. All four signals repres-
enta total, three-dimensional and direc-
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Calrec Mark 4 Soundfield Microphone with cover
removed (right), and control unit, capable of
capturing a total 360-degree soundfield,

tional soundfield. It should be emphas-
ized, however, that these four B-
Forward signals have nothing to do
with the loudspeaker feeds in a four-
speaker maonitoring array.

B-Format signals are produced by
most Ambisonie studio production
equipment, and for dissemination to
consumers is converted to UHJ formats
two-, three-, or four-channei by means of
a UHJ encoder. The studio handling of
Ambisonics and its conversion to a usa-
ble consumer format for broadcast or
commercial release is iliustrated in the
accompanying diagram, which shows
several of the options involved.

So far, Ambisonics technology has led
to the development of a Soundtield Mic-
rephone manufactured by Calréc Audio,
and which has been praised by many
usors fov fus hivh degree of realism and
accuraecy; a Transcoder that offers hoth
Encode (B Format to two-channel UHJ)
and Transcode (four-channel or“Quad”
to UHJ two-channel); and a Multi-Track
Pan/Rotate unit — the latter two devi-
ces being manufactured by Audio +
Design. The Pan/Rotate unit enables a
whole new range of creative sound
manipulation techniques, such as full-
range positional contrel to be achieved
for both single {monc-miked) sound

sources, or composite soundfietds. )

Other Ambisonic units carrently
available : LIRS
Encoder, which encodes four-channel B
Format to two- or three-channel UHJ for
broadcast or disk cutting; the Audio +
Design Converter, which enables a mix-
ing console’s panpots tu be used for
soundfield localization — thus freeing
up the Pan/Rotate unit for dynamic
panning effects; the Minim ADI2 Dec-
oder, which decoded B Format or UHJ
two-channel material; the Audio +
Design Control Room Decoder, which
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will decode two- and three-channel UHJ
signals, and allows comparison with
original four-channel B-Formatsignals;
plus several UHJ decoders designed for
consumer use.

Although the Calrec Soundfield Mic-
rophone has been available for some
time now, October of this year saw the
introduction of a Mark 4 version, whose
availability also coincides with release
of the above-mentioned Ambisonic
encoders, decoders, and effects units.

As many readers may already be
aware, the Soundfield Microphone sys-
tem comprises a microphone body and
electronics, plus associated control unit.
The body houses four mike capsules
arranged in a tetrahedral array, with
electronic compensation to remove the
effects of capsule spacing. The Sound-
field mike is designed to capture accu-
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rately the sound that exists at a pointin
gpace; in other words, it comprises a
three-dimensional coincident “pair.” Of
primary importance is the system's
ability to capture a complete spherical
soundfield that can be manipulated by
panning and steering the signals in
both the horizontal and vertical planes.
This manipulation can be accomplished
in either real time — as perhaps the
ultimate boom mike — or later in post-
production from the B-Format signals
recorded on tape.

Azimuth and Elevation controls gov-
ern rotation and tilting of the micro-
phone’s orientation in space, while a
Dominance or Zoom control allows the
direction of dominant sound to be
moved to the front or back. (For exam-
ple, to give an orchestra or band domi-
nance over audience noise, and enable
not only manipulation of the effective
polar pattern — from omni through all
the intermediate cardioids to figure-of-
eight — but also the amplitude of the
respective dominant signals.) Both B-
Format inputs and outputs are availa-
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ble on the control unit, as well as con-
ventional sterec outputs.

It is important to realize in the case of
the Soundfield Microphone, that quite
apart from surround-sound applica-
tiens, for conventional mono/stereo
reproduction the microphone’s polar
diagram may be synthesized either in
real time, or subsequent post-production
from B Formai.

Ambisonic production has perhaps
been held back because, until now, only
the Soundfield Microphone has been
available for recording live music,
drama, speech, ete. Since most of the
recording and broadecast production
industry selies on mass-market multi-
track derived music, Ambisonics has
not had enough to offer. However, the
recent introduction of processing
equipment, including the Multi-track
Pan/Rotate, Converter, and Transcoder
units mentioned above, should change
this situation, since they enable mono-
miked sources to be manipulated within
an Ambisonic soundfield.

The Pan/Rotate unit features eight
centinuously rotatable sine/cosin
panpots, plus a switchable control that
will rotate the entire soundfield through
360 degrees. The panpots can be
switched pre or post (before/after} the
rotate control. Apart from the eight
inputs from the mixing console, there
sretwoexternal B-Formatinputs «— one
patched before and another after the
rotate control — which may be used to
cascade these or similar units. Each
panpot includes a “radius vector” con-
trol that allows scunds to be panned
through the listener's position from one
side of the soundfield to the other —
quite apart from the ability to move
sounds around the circumference of the
soundfield.

The B-Format output from the Pan/
Rotate Unit can be sent to a four-track
recorder, or direct o0 a suitable encoder
to produce a UHJ two-channel master
tape for broadcast or disk cutting, ortoa
three-channel encoder for enhanced
surround-sound broadcast. :

The Converter unit allows a conven-
tional console’s panpots to be utilized
for soundfield localization. The unit
contains two independent B-Format
groups, each with separate outputs.
Five inputs feed each coverter group,
and are designed to be connected to four
console output groups, plus an echo
send bus. The echo send supplies a mono
reference signal, while the group inputs
provide level information that is “con-
verted” with the mono signal into a B-
Format signal. Thus, a console panpot
can be used as an Ambisonic localiza-
tion control, simply by turning up the
echo send level, and routing the mono
source to two of the four groups.

The Transcoder takes four inputs
(corresponding to & front and a rear ste-
reo pair — for example, an existing
“quad” mix} and “‘transcodes” these
into a UHJ two-channel signal. Control
of the width of front and rear sound-
stages is possible, and may be varied



between 0 and 180 degrees in the front
sector, and 0 to 150 degrees in the rear.
Panning between the front two groups
via the console panpois moves the sig-
nal across the entire width of the front
stage.

Enhanced Creativity

Using the equipment described above,
the creative effects possibilities in
Ambisonies, including non-realistic
events such as sound sources moving
around and through the listener’s head,
are practically endless. There are few
pitfalls, however. It is important to
remember when mixing Ambisonic
material which may be monitored by
the consumer in siereo that although
the system is exceptionally mono/ste-
reo compatible, signals panned around
the rear sector of the soundfield, for
example, will be “collapsed” to the front
in stereo. As a result, care shouid be
taken with placement to avoid clutter-
ing the stereo image. This can easily be
achieved by simply monitoring in stereo
from time to time as a check of surround-
sound/stereo compatibility.

Because Ambisonics uses phase and
amplitude information to localize a
source, rather than just amplitude, the
image is far less dependent on the lis-
tener’'s position (in both stereo or sur-
round sound monitoring layouts), which
means that the listener can move
around the room without losing image
stability. In both stereo and surround-
sound monitoring arrays, the resultant
image is more stable and can thus be
localized better. Furthermore, the
apparent stereo width of an Ambisonic
recording played back in stereo iz per-
ceived to be wider than the speaker sep-
aration; in fact it is pussible to produce
stereo effects that appear to move round
the room without the benefit of an
Ambisonicdecoder. (Similar results can
be obtained using stereo headphones.)

Monitoring setups for horizontal
surrocund-sound {that is, without height
or Z-channel information) is quite sim-
ple, a suitable decoder plus four speak-
ers and additional amps being all thatis
required. (Six or more speakers are
necessary for full sphere or ‘“peri-
phoni¢” reproduction.}

It must be stressed that Ambisonics
has the potential of constituting at least
as an important step forward for audio
as digital technology. In its various
hierarchical, intercompatible forms,
Ambisonics material may be stored dig-
itally or by conventional analog means,
and broadeast techniques using phase-
quadrature modulation of the third
channel have been successfully demon-
strated in Britain by the Independent
Broadeasting Auihority, and is now
permitied in the United States,

All the hardware to record and dis-
seminate Ambisonic surround-sound
information is now in place, with more
on the way. It is now just a matter of
time before Ambisonics will be hard
regularly on record, on the air and, per-
haps, with video. [ 1]

Audio+Design/Calrec, Inc.,
distributes a full line of
audio equipment, including:

Audio Signal Processing
Condensor Microphones

Mixing Consoles
(Portable & Studio)

Ambisonic Surround Sound
Systems

Monitor Amps
Audio Eftects Equipment

SMPTE/EBU Time Code
Equipment

Audio-+Design
€] |CALREC

P.O. Box 786 . Bremerton, WA 98310
(206) 275-5009/5010 . Telex 152426
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