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Gencral Introduction

Ambisonics is & technology f?r surround-reproduction of sound
belonging to the post-"quadraphonic" generation Qfoperly described
as kernel psycho-acoustic sfstems. It provides‘aﬁ extensive set of
studioc and broadcasting production facilities some of which cannot be
implemented, or even defined, in ear%ier systems. A selection only
of the more basic of these are described in the present brief document.

The gamut of technical methode and devices éomﬁrising Ambisonics
is backed by a well-structured body of theory validated by listening
trials. Ambisonics is therefore not-a fixed or’arbitrarﬁ."system",
but is a means ofbbringing surround-reproduction within the scope of
engineering design. That is to say, a rational choice can be made of
priorities among'desirable systén properties, and theoretical design
calculations can then be made which enable the chosen balance:of
priorities to be implemented in a epecified system. This is a process
analogous to designing ;n audio amplifier by use of Ohn's law, semi-
conductor data, etc. An ése«ntial outcome of these surround-sound
design proceéses is & Qscr coéing specification for use in disseminating

surround-sound signals to the public by broadcasting or in the form of

recording. The 2-channel user specification recommended by the

Ambisonics team, subject to discussion, is designated.lﬂﬂh -This is the
iowest member of & compatible lefieo which 1nc1ude3'3-chﬁnne1 and 4-
channel specifications designated respectively..m.]‘.“.- ‘and QHJ or HHJ.

| Some of the reasons for the choice of BRJ and._ THJ user specifi-
cations are outlinelin the remsinder of this Intro&uction. It 1s to be
understood of course that the facilities descrfbed in subsequent sections
are independent of the exact choice of user encoding specification (so

long as it is of the appropriate kernel type). It is however

obviously necessary to define a precise and appropriate studio signal

format; this 1s discussed in Section 2.1.
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Specification BHJdefines a 2-channel encodiﬁg for surround
reproduction free from the disadvantages of discontinuity of treat-
ment that occurs at cornmer positions in the older so-called
"quadraphonic" practice. BHJ encoding maﬁ be represented in the
Poincaré-Stokes sphere by a near-circle locus. The difference in phass
between the signals in the two channels is 35°fo:'front-centre
encoding and -115°  for rear-centre. Azimuths arebencoded en the

’locus in a smoothly non-uniform manner, having lefﬁ-figﬁt symmetry,
designed to increase stage-width in stereo playback and confer other
advantages. The overall distribution of signal-gain (loudness)
with azimuth is contrived having regard to the distribution of azimuth
wiﬁhin the locus 8o as to qptimisg the forward-preference facility
in 2-channel surround playback and to confer other advantages.

The BHJ specification has been chozen to give an optimised
balaﬁce of compatibility downward to stereo and mono, having regard
both to ambient and pan-potted material, and upward to S-Channei (and
also 4-channel periphonic) eystems. The 3-ch&nne1vspeci£ication,
designated THJ, contaiﬁo a third channel contri#edlto combine in sn
optirised way with the two hase-band channels to give improved
properties in surround reproduction.

Special attention has been given to compatibility with the use
of a third channel of reduced umplitude or bandﬁ;{th‘("Zkrchsnnel

- systems") of particular interest respectively iéfbtbadcasting and in

disc technology. | .

BHJ and THJ encode azimuth in a smooth manner accurately
compatible vith sound-field microphone techniques for the recording,
transmission and reproduction of a ﬁatural sound including its
reverberant and ambience cpntént. Associated technoiogy permits all

the usual synthetic techniques (pan-potting, artificial reverberation,




etc.) as well as new ones. UHJ encodings mey be approximated from

pairwise-blended signal sources in a continuum of ﬁays giving optimum

compromise performance according to circumstances.

Pan Pot and Sound Field Controls

- 2.1 Introduction

In order io design decoders capable of prodﬁcing an optimum
re~creation of the intended digectional effect, it is necessary
to design all studio equipment to fellow a standard encoding
specification. Such a studio "encoding specification" consists
of essigning each position in space to a set of gains on the
channels used on the master mixdown. While thg encoded materiel
may finelly reach the consumer in a 2—channé1. 3-channel or 4~
channel f.orh:, the mater encoding specification is 4 channel in
most cases. | |

One method of correct encoding is to usé a precisely coin-
cident array 6f accurately defined directional microphones{
Amother method of correct encoding is to pan-pot mono sources into
the sound field encoding by means of pan-pots ﬁccurately following
the chosen encoding apecification. It is well khown, and experi-
mentally confirmed by many researdh*gronpa,;ﬁhat the'"pairgisé"

- pan-pot (that assigns a sound in a "phantéﬁ'image“ position by
activating only the 2 adjacent chaﬁnels) is not capable of giving
stable image localisation even in the front quadrant (due to the
90° angle subtended by the speakers), and the side images are
hopelessly unstable. For this reason the following pages descriﬁe
panepot circuits capable of following the B-format studio encoding

specification, consisting of 4 signals W, X, Y, Z, where W is




an omni-directional signal having gain 1 for all directions, X
has the same gain as would & forward-faciﬁg figure-of-eight
microphone with forward gain {E: Y has the same gain as would a
leftward-facing figure-of-eight microphone with leftward gain
VZ, and Z has the same gain as would an upward-facing figure-of-
eight microphone having upward gain N7,

The B-format signal includes height information Z. 1It is
expécted that initially this would be used only to provide micro-
phone information that would ;ilow rec;rdings to be electronically
proceésed so as effectively to atilt" the microphone array up or
down for optimum effect. The Z information can alsoc be used for
full with-height encoding for eventuzl future use when this becomes
commercially feasible. The reason for including the Z channel is
that studies have shown that for 4-speaker reproduction, the 3 channels
W, X, Y provide the optimum information for good directional
localisation, and any other fourth channel of horizontal information
can only degrade the stabili;y of 4-speakerAphantom images. Since
the fourth channel ia—av#ilable in studio equipment, the best use
that c;n be made of it is to store height information that would
help to avoid obsoclescence of recordings when height reproduction
becomes commercial. Designs of with-he;ght;dgcodera for studio
monitoring are available in a separate ¥deft.

The following is a selection of pan—pot and sound-field
control devices, with a brief description of ea¢h.

2.2(a) Horizontel-only pan-pot, including full"interior" effect

This has continuously variable joystick action.

2.2(b) Constant gain version of (a), giving minimual gain variation

for interior positioms. .

2.3 With-height pan-pot, including full interior effect, azimuth
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2.4

2.5

2.6

angle control and elevation and depression control. This covers
the full sphere of directions. Azimuth and interior control are

via a joystick action, and elevation is by & slider action.

Horizontal-only sound field control. This control operations on

complete pre-mixed sound fields encoded in 3 or 4 channels, and

" provides the following control functions: (a) full rotation or

"waltz" control operated by a joystick, permitting any desired
rotation of the whole image, (b) interior mode cont?ol, operated
by the same joystick, permitti;g'the whole image to be varied from
the normal "exterior" positions £o full “interior" effect. This
control allows such effecte as pulsation & sound fields in and

out from the listener, and the passage of whole sound fields
through the iistener's head over to the opposite side from which
it started, (c) width control. This permits the relative widths
of the front and back’images to be varied (e.g. to modify the
width of an orchestra or to emphasise rear réverberation). This

is a linear control, and does not affect the correctness of the

B~-format encoding specificatian.

With-height Sound Field Control. This offers the same capabilities

as the Horizontal SFC plgs an up/down width control that, for
example, allows a below-horizontal orches;ra énd audiepce (caused
by high-up microphones) to be made horizontél'by narrowing the
upward width. '

Hemisphere pan-pot. This has three operational modes, and uses a

single joystick. In the first mode it produces horizontal

panning, including "interior " effects, with minimal variation in
the gain as the sound is panned. In the second “upper hemisphere"
mode, it acts as a with~height pan pot for directions in the upper

hemisphere, with the outmost Joystick settings corresponding to
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to horizontal sounds. The "lower hemisphere" mode similarly

covers below-horizontal positions.

When, as will be usual for the present, height information is not
transmitted or decoded, any elevated or depressed sound-source will

appear as the corresponding "interior" effect, the only difference

" from true "interior" positioning being that the overall loudness may

not be treated quite correctly.

Artification Reverberation and Spreader Devices

3.1 Introduction

Besides the ability to handle sharply localised direct sounds,
any well-designed system of surround soundvgusf also be able to
‘handle diffuse sdunds, guch as feverberation{ The full advantages
of reverberation.can only be obtained by recarding a sound along
with ité “1ive" reverberant field with a sound-field microphone,
but there is often a requirement for artificial reverberation when
undertaking recordings in the "creative" style. This section
describes a method of optimizing the "surround reverberation"
effect by spreading the reverberant sound from an artifical
reverberation unit around the sound stage. |

Also described are various types of deﬁi;é to "épread" direct
sounds over part or the whole:of the'soun& stage. Such "sp;eaders"
may be used for a number of purposes: as a'special effect on solo
voices, to diffuse slightly the pin-point mono effect on mono
chorus tracks,‘tq “"stereoize" mono sound effects, etc.

Just as it i{s an aim of well-designed surround sound systems to

give stable and sharp localisation of direct sounds, so it is

BB

necessary to design spreadefa to produce an accurately repeatable




3.2

3.3

effect. Certain conventional attempts at producing spread

(notably interchannel phase shifts and "overhead" or "interior"
effects) have the defect that the listener often will not hear the
intended effect if he is not correctly seated in the "quad;aphonié"
.seat; and thus these effects are'difficﬁlt to convey to the listener.

It must be noted that, in general, spreaders do not work well
when fed with syntheeized sound, and each such sound should be
tested for goodness of spread before use.

Mono Spreader ) .

This takes a single input cﬁannel and wraps it round and round
the stage, differing frequencies being assigned to differing
positions. A minor variant of the device (altering one resistor)
may be used to wrap reverberation from a mono reverberation unit
around the stage. As a spreader for direct sounds, this device has
the advantage of being correctly heard as "surround spread" over
most of a 4-speaker listening area)and of mixing-éawn to mono and
2~channel systems with relatively little quality degradation.

It has the disadvantage of having little flexibility as one cannot
adjust-fhe degree of spread. For reverberation use, the fact that
different frequencies come from different direcﬁions may render
the reverberation quality umnatural. The mgnq spreader uses
precisibn,phase-shift networks. |

2-channel Spreader

'This takes two independent channels and wraps both of them around
the sound.stage, differing frequencies being assigned to differeqt
directions. At each frequency, one of the two input channels is
assigned to the direction opposite to that of the other. This

means that when two direct sounds (one at each input) are spread,
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& greater diversity of sound reaches the ear than if they were

mixed and fed to a mono spreader. A minor variant permits the

device to be used with two mono reverberation units having similar
(but not precisely the same) behaviour or with so-called "stereo'
reverberation units that are aétually independent mono wmits

(e.g. AKG BX20). It is not suitable for use with stefeo reverberation
units with highly correlated outputs. The two reverberation outputs
of the reverberation unit are wrapped round and round the listener
with one unit exciting the diréction opéosité to the other at each
frequency. The 2-channel spread;r uses a‘circuit only slightly

more complex than the mono spreader.

Spread Pan-pot

This device, intended for direct sounds only, allows adjustment
of both the position and the degree of spread of a mono input. The
character of the "spread" is quite different from the “surround
spread" effect of the above-~described devices, and spreads the
frequencies of a sound to-and-fro across a restricted and sharply
defineé'region. The séread’can be adjusted from 0° to 180°, and
the position of the sound can be adjusted to any azimuth, and also
to "interior" (in-the-head) positions s@oulé'fhese be required.

In direct reproduction or mono reproducﬁipn; the device does not
affect sound quality, but in 2-channel matrix reproduction some

degree of "comb filter"coloration is obtained. This should not be

serious for smallish spreads, and is worst for a spread of around

_ 90°. The device is less complex than the earlier spreaders in that

it uses only one non-precision phase shifting network.




10

3.5 MWith-height Reverberation Spreader

This 1s a with—height‘modification of'device'(33), and spreads
one input around a circle 35.3° above the listener's head and
another 35.3° below in the opposite direction at each frequency.
This mode of use is suitable either for uncorrelated artificial
reve;beration inputs or for direct.aounds when_this periphonic

| effect is required. Switching also pérmits the with-height
spreader to perform the same horizontal spreading functions as the
2-channel spreader (33). The periphonic (with-height) effect will,
of course only be evident over suitably designed with-height play-
back equipment. Essentially, the circuit differs from the ordinary
2-channel sprea&er only in requiring an additional switch pole and

phase shift network.

4. Typical Uses of Spreaders

Here we indicate some typical uses of the two types of spread

device.

4.1 Re-channelling Mono

For old mono recordings, a re-channelling for “surround" effect

may be obtained by the following arrangement.

MONO MIX
INPUT SPREAD — > Bmaa:u
> PAN — — ouri;z
POT S >
"STEREQ" 2-CHANNEL
REVERB. SPREADER
UNIT (REVERB MODE)
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Typically, the spread pan pot would be 'adjusted for a
front-centre position with enough spread (say 45°) to convey some
feeling of width without an unduly artificial effect.

4.2 Re-channelling "Discrete" Stereo

Many early "stereo" pop recordings have masters which are
actually.just two tracks, each containing half of the musical
lines, without any intermediate panning. fh;ee possible ways of
re—éhannelling for "surround" are shown. We assume that track 1
of the original recording contains the main vocal, and that track

"2 is primarily backing.

MIX . B-
TRACK 1 ; g
_ e OUTPUT
(a)
TRACK 2 MONO
-»———1 SPREADER
Nermally, the track 1 would be panned wifhout spreadfto
 front: centre.
TRACK 1 | gppeap 7
>— —>
' PAN S
- | por
®)
TRACK 2 { SPREAD
-’—-—-— PAN . DR
POT .

v

In this case, the tracks would be panned say 45° to the
left and right of front respectively, with spread controls set

to (say) 60° spread, giving a sound stage as illustrated

S P P UV Y . e e C e -
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(c)

- ‘ ;__}
S PAN -
TRACK 1 POT : ———

\

> 'gin POT
TRACK 2

Here, track 1 woulé be panned to £ront centre (with no
spread) aﬁd track 2 would also be panned to front centre, but
‘with quite a large spread (e.g. 120°). '
Clearly, when re-channelling old pop métgrial, the rechannel-
‘ ling technique should be varied from tmack to track to évoid monotony
of effect. Also, variety can $e aétained by varying the degree of
spread from moment to moment according to the musical content.

4.3 Multitracking and Halo Reverberstion

When a solo line is double~tracked, or when reverberation is
" added to it, it is often desirable to spread the accompanying

sound diffusely around the original. Thus one might pan a voice
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sharply, and pan its reverberation or double tracking to the sane
position, but with say 20° of spread around it. This effect may
be termed "halo reverberation" or "halo doﬁble tracking". The
same halo-effect might also be used with repeat echo, or for the
accompaniment of the predomin;nt instrument in a distinctive
sub~-group of instruments.

As explained in the description of thé spread panfot, halo
effects may easily be obtained from a eingle spread pan pot
equipped with several "'spread ;ontrol“.inputs. |
Sound Effects

Certain éound effects lend themselves particularly well
to spreading. Broadband noises (rain, crowd noises) may often
be spread from a mono original.

Special Effects

The effect of spreading a direct sound right round the image
is for its various frequencj-components to seem to come from
different directions around the listener. This effect may be
appeéling for certain types of sound (e.g; the human voice)
having components at many ffequencies, buﬁ.will merely cause the
sound to jump around randomly if it is "pure" in quality (e.g.

flute, certain organ stops, some synthesiséd“tdnes).

Sound Field Microphone

In cooperation with Calrec Audio, a sound field microphone has

been developed producing four outputs W, X, ¥, 2 qoﬁforming to the

B-format specification. A unique feature of this microphone is that

these outputs are precisely coincident in space (to the order of 1mm),

s0 that no soloration or gross mislocation of the treble occurs vhen
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subsequent matrix processing or encoding is used.- Recording the four
B-format outputs on tape permits the use of the sound field controls
described in section 2 to rotate the microphone array either in the
horizontal plane or vertically to obtain optimm orientation and
balance of direct to reverberant sound. The B-format signal may also
be processed after recording to provide an arbitrary coincident stereo
microphone technique, since the information is available on tape to
provide any first-order microphoné directional characteristic (e.g.
cardioid or hypercardioid) pointing in eny spatial direction. &
mixdown unit for this purpose has been designed.

Hitherto, so-called "coincident” microphone arreys involving
intercapsule spacings of the order of 5 cm have been found to give
poor resulis when matfixed for surrocund-sound reproduction, part}y
because of the spacing (which is several wavelengths of the highest
audio frequency), but also because the individual microphones have
had frequency-dependent poler characteristics. The sound field
microphone has been designed with particular attention paid to the
accuracy of the polar diagrams up to sbout 10 khs.

The sound field microphone may be used on its own for accurate
recording of a live sound field, or in conjunction with 'spot!
microphones if a less natural 'highlighted' effect is desired. In
 multitracking work, several groups of tracks may be laid down and
mixed, with each'ﬂ;format group recorded via a sound field microphone.
The full advantages of the sound field microphone will be obtained in
room acoustics suitable for live listening,
rather than in "studio" acoustices optimised for>separation between

multi-microphones.




