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EARLY REFLECTIONS AND REVERBERANT FIELD DISTRIBUTION
IN DUAL MICROPHONE STEREOPHONIC SOUND RECORDING SYSTEMS

by Michael Williams, Paris, France

Abstract:

The importance of early reflections in producing a good spacial
impression in the field of concert hall acoustics and dummy head
recordings is becoming more and more apparent. However, the
distribution of these early reflections and the associated
reverberant field has received little attention with respect to
standard microphone systems for loudspeaker stereophony.

This paper describes clearly how to determine the localisation of
early reflections and the distribution of the reverberant field in
the reproduction of almost any dual microphone system for
stereophonic sound recording.

INTRODUCTION

In choosing a specific dual microphone system for stereophonic
sound recording, the recording engineer must have a clear idea of
the following characteristics :

1) the relationship between +the directivity pattern of the
microphone to be used and its frequency response curve,

2) the operational characteristics in the reference plane,

3) the operational characteristics throughout the spherical =zone
surrounding the microphone system.

The operational characteristics in the reference plane have been
treated in previous papers (1)(2)(3), in which the characteristics
of Stereophonic Recording Angle (SRA), Angular Distortion, and the
evolution of direct +to reverberant sound within +the SRA were
analysed. However, the reproduction of the reverberant field and
the early reflections in the spherical zone surrounding the
microphone system was only briefly touched upon and is the subject
of this paper.

The Stereophonic Recording Angle of a given dual microphone system
is normally considered (if at all) only in the reference plane
i.e. the plane passing through the axes of directivity of both
microphones. However, any microphone and more specifically any
stereophonic dual microphone system, has pick up throughout the
surrounding spherical zone.

One must therefore know with reasonable precision the stereophonic
characteristics of any microphone system in use, at all angles of
elevation to +the reference plane, before being able to predict
either the distribution of +the reverberant field or the
localisation of early reflections within the reproduced sound
image.



STEREOPHONIC RECORDING ANGLE AS A FUNCTION OF ELEVATION

The Stereophonic Recording Angle (SRA) is defined in reference (3)
as the sector of the sound field in front of the microphone systenm,
which will produce a virtual sound image between the two
loudspeakers. It is inversely proportional to both the distance and
the angle between the microphones.

The angle between two directional microphones will produce
Intensity Difference information in relation to the position of the
sound source, whilst the spacing of the capsules will generate Time
Difference information. The stereophonic reproduction of direct
sound will in general depend on the SRA characteristic in front of
the microphones, i.e. on the reference plane.

However, reproduction of reverberation and early reflections will
be almost entirely dependent on the size of the SRA as a function
of elevation. This can only be established if one has already
determined the Time Difference and Intensity Difference information
for ANY position of the sound source in relation to the microphone
system, not just in the reference plane.

The first step is to ‘determine the response of a single directive
microphone to a sound source using the following set of
coordinates :

- the angular position of the sound source expressed as elevation
in relation to a ’horizontal’ reference plane ( e ),

~ the angular position of the sound source on the elevation plane
in relation to a ’'front’ reference axis ( 6 ),

- the orientation of the microphone on the ’‘horizontal reference
plane in relation to the ’front’ reference axis ( f/2 ).

Figure 1 tries to represent this rather complicated three
dimensional situation.

- The microphone capsule is at the origine (0) of the
trigonometric sphere.

- The ’horizontal’ reference plane passes through F, C, E, & B.
- The ’'front’ reference axis is OE.

~ The orientation of the microphone on the ’'horizontal’ reference
plane in relation to this ’'front axis is Angle EOB (p/2).

~ The elevation plane passes through F, C, D & A.

~ The angle between the elevation plane and the reference plane is
Angle DOE ( e ).

- The position of the sound source on the elevation plane is
Angle DOA ( 0 ).

- The position of the sound source in relation to the axis of
directivity of the microphone is Angle AOB ( o ).
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Resolution of triangle ABC in Figure 1, using spherical
trigonometric relationships enable us to express angular position
of the sound source ( a ) in relation to the microphone axis as a
function of:

=~ Orientation of the microphone ( B/2 )
- Elevation angle ( e )
~ Angular position of the sound source ( 0 )

COS( a )

C08(90-0).C08(90-p/2) + SIN(90-8).SIN(90-B/2).COS(e)

SIN( © ).SIN( B/2 ) + COS( 6 ).COS( B/2 ).COS( e )

The intensity response of a microphone, with a specific directivity
determined by coefficient ( cf ), can be expressed as follows

Intensity Response = 20.LOG10[ (cf) + (1-c¢f).COS(a) ]

The Intensity Difference equation now becomes:
{(cf)+(1—cf).[SIN(B).SIN(+B/2)+COS(G).COS(+ﬂ/2).COS(e)}

AI=20 0 LG L0 == = e o e e e e DL
{(ecf)+(1-cf). [SIN(O).SIN(-B/2)+C0OS(8).COS(-B/2).COS(e)}

The angles - B/2 and + P/2 represent the orientation of 1left and

right microphones in relation to the reference front axis (OE), the

total angle between the microphones being obviously g.

The Time Difference relationship is not affected by elevation and

is a function of distance (d cms) between the microphone capules
and the position of sound source ( 6 )

d. SIN ( 8 )

Time Difference ( mS ) = ——-—e——m—mmun
34
Using the same procedure as described in reference (2), the
intersection between the physical parameters of Intensity

Difference and/or Time Difference developed by the microphones and
the psychoacoustical limits of the listening configuration (4),
enable us to determine the Stereophonic Recording Angle at all
values of elevation : from 0° (in front of the microphone system on
the reference plane) to 180° (behind the microphones).

It should be noted that theoretical values of directivity pattern
do not necessarily correspond with the pratical response for angles
in excess of about 130°, even for small diameter diaphragm
microphones (dia. = 10mm). However the main operational areas of a
dual microphone system for stereophonic sound recording are usually
well outside this doubtful sector.

In determining a way to represent the results in graphical form, it
would seem convenient to relate evolution of SRA with elevation, to

specific SRA’s in the reference plane. For example, Figure 2 shows
the variation of SRA with elevation for microphone systems having a
SRA in +the reference plan of +/- 500, It can be seen that SRA
varies very little in the front hemisphere but can vary

considerably in the back hemisphere dependent on the physical angle
between the microphones.
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One can see that small angles between microphones produce a rapid
decrease in SRA in the back hemisphere, whereas large angles
between microphones produce little variation of SRA. So obviously
with an angle of 180° between the axes of the microphones there
would be no variation of SRA with elevation, the SRA remaining
constant throughout the spherical zone surrounding the microphone
system. Spaced omnidirectional microphones also have a constant
SRA throughout the spherical zone.

It is now a simple matter to produce similar information for
different values of SRA in the reference plane, tracing the
evolution of SRA throughout the spherical zone surrounding the
microphones (Figures 3 to 8).

This same presentation can be applied to any microphone directivity
pattern. A few values of SRA have been chosen to illustrate the
situation for hypocardioid (wide angled cardioids) and for
hypercardioid microphones (Figures 9 to 14).

DISTRIBUTION OF THE REVERBERATION

It is now possible to interpret the reproduction of reverberation

with respect to the microphone system in use. Reverberation can be
considered as the sum of a multitude of individual sources of
reflection, each source having evidently a specific localisation

with respect to the microphone system.

Figure 15 shows the different pickup areas around the microphone
system with a basic SRA of +/~ 60°:

-~ Direct sound pickup is wusually within the SRA along the
reference plane and will be reproduced as stereophonic sound
images.

-~ Reverberation sources lying within the SRA at different angles
of elevation will be reproduced as stereophonic reverberation
along the sound reproduction base (i.e. between the
ioudspeakers).

- Reverberation sources oulside +the SRA at various angles of
elevation will ©be reproduced as "monophonic" sound situated
either at the leflt or the right loudspeaker.

We therefore have a new and interesting relationship to interpret
in our recording technique. HOW and WHY do we determine the
percentage of "monophonic" reverberation to stereophonic
reverberation and whal is the relation of each of +these +to the
direct sound ? We can represent this situation as a triangular
relationship as illustraled in Figure 16, which shows also the
distribution of direct and reverberant sound in the listening
configuration.

The "HOW" in the question is easy to determine; it is dependent,
mostly, on the SRA adopted, and to a lesser extent, on the angle
between the microphones. It is up to the recording engineer to say
"WHY" he chooses one combination rather than another - this is more
in the realm of subjective or artistic judgement.
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EARLY REFLECTIONS

The Figures showing evolution of SRA with elevation also enables us
to have a clearer idea concerning the localisation of early
reflections. This is obviously highly dependent on room geometry,
however,using a rather simplified model of a room, it is evident
that the main reflecting surfaces are likely to be the floor, the
side walls, ceiling and wall behind the sound source - the far wall
in front of the sound source generally being sufficiently far away
not to contribute to early reflections, reflections from this
source becoming part of the reverberant field.

Let us consider the localisation of reflections from each of these
surfaces as represented in Figures 17, 18, 19 and 20 :

1) Floor reflections (Figures 17, 19 and 20):
Each of these reflections has about the same horizontal
localisation angle (B) as its sound source, however the
elevation angle is about 20° below the reference plane. SRA
is virtually the same at 20° below the reference plane as on
the reference plane.

Reflections will therefore -give the impression, in
reproduction, as originating from the sound souce itself.
With some instruments for example a clarinet, these
reflections can be extremely disturbing and must be reduced to
a minimum. The problem is created by the fact +that these

reflections sometimes arrive too soon after the direct sound,
causing confusion of the sound image.

2) Ceiling reflections (Figures 17, 19 and 20):
Horizontal localisation of low ceiling reflections can be
treated exactly the same as for floor reflections. However,
according to ceiling height the reflections will either be
early reflections at an elevation angle of about 70° or be
part of the reverberant field.

3) Side wall reflections (Figures 18, 19 and 20):
Here the main factor in localisation is SRA. One can use wide
recording angles (from +/- 70° to +/~ 90°) to include these
reflections within +the SRA in which case they will be
reproduced towards the extremities of the stereo sound base,
i.e. very near each loudspeaker. Figure 19 shows sidewall
reflections in relation to a wide SRA (+/- 88°) being
integrated at the extremities of the SRA. Whereas Figure 20
with a SRA that is much smaller (+/- 60°), rejects the

sidewall reflections to ’'monophonic’ reproduction (ON
loudspeaker reproduction). This choice needs careful
evaluation during the recording process to assess its

contribution to the spacial impression.

4) Back wall reflections behind the sound source (Figures 18, 19
and 20):
These reflections are probably in +the best position in
relation to the microphone system, being well within the SRA
and sufficiently late not to interfer with the direct sound.
However musical instrument directivity 1is generally very
eratic in this direction apart from say "French Horns"!
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The reproduction of each group of reflections together with direct
and reverberant sound is shown in Figures 21 and 22.

On top of these specific room dependent reflections, the sound
engineer can use reflecting screens to enhance considerably early
reflections taking care to create good stereophonically localised
reflections and at the right timing in relationship to the direct
sound . It is evident that screens above the sound source seem to
satisfy +these criteria. This is very much the same technique as
applied to concert hall acoustics in improving the position, timing
and quantity of early reflections.

CONCLUSION

Careful analysis of different dual microphone systems with special
attention to the various directivity patterns available gives a
clear idea of the reproduction of each aspect of the original sound
source and its acoustic environment

- localisation of direct sound
- localisation of early reflections
- distribution of reverberant field.

The localisation of early reflections as virtual stereophonic sound
images or as monophonic sources at the loudspeakers, depends on the
stereophonic recording angle used, the distance between the
microphone system and the sound source, and the geometry and nature
of the surrounding reflective surfaces.

All near surfaces within the SRA and orientated approximately
towards a mid position between the sound source and the microphone
position will produce stereophonic early reflection sound images.
Whereas those outside the SRA will produce "monophonic" (left or
right loudspeaker) images.

Within +the front hemisphere of +the microphone systen, large
recording angles (from +/-~70° to +/-90°), in general, improve the
stereophonic reproduction of early reflections and give a greater
proportion of stereophonic reverberation.

In the hemisphere behind the microphone system, the contribution to
the virtual stereophonic sound image of the reverberant field can
be improved by the wuse of omnidirectional or hypocardioid
directivity patterns.

One is tempted +to say that the present fashion for +the wuse of
spaced omnidirectional microphones as a stereo mic system is due
not only to a good bass response but also to a greater proportion
of virtual stereo early reflections and of stereophonic reverberant
field reproduction.
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FIGURE 1




FIGURE 2 - UARIATION OF STEREOPHONIC RECORDING ANGLE
AS A FUNCTIDN OF ANGLE OF ELEVATION for Cardiocid Microphones
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FIGURE 3 - UARIATION OF STEREOPHONIC RECORDING ANGLE
AS A FUNCTION OF ANGLE OF ELEVUATION for Cardioid Microphones
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