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FREQUENCY DEPENDENT HYBRID MICROPHONE ARRAYS
FOR
STEREOPHONIC SOUND RECORDING

Michael Williams,
Consultant Audio Engineer, Paris, France.

Abstract

This paper discusses a method for determining the characteristics
of a variable microphone array that separately generates
interaural time and intensity differences to satisfy the Duplex
Theory of stereophonic sound perception. The microphone system
permits the use of different directivity patterns and maintains
the facility of variable Stereophonic Recording Angles. The
matching of Angular Distortion of the reproduced sound field for
specific microphone pairs in a given array is discussed, together
with the variation of the overall value of Angular Distortion for
different arrays.

INTRODUCTION

The Duplex Theory of stereophonic perception (1)(2) considers
that Interaural Time Differences are +the main factor in
determining stereophonic perception below 700Hz, whereas at
frequencies above 700Hz stereophonic perception is mainly due to
Interaural Intensity Differences. However it is evident that in
different countries professional sound recording engineers are
using a variety of dual microphone systems for stereophonic sound
recording that only partially satisfy this hypothesis

1) Coincident microphone systems wusing various directivity
patterns thereby generating only Intensity Differences between
the left and right channels as a function of the position of
the sound source(s).

2) Spaced omnidirectional microphones generating only Time
Differences.

3) Hybrid microphone systems using spaced directive microphones
generating a combination of Intensity and Time Differences
throughout the audio range.

In the first two cases, the perceptual information generated
would seem to ©be in contradiction with the duplex theory.
Theorectically there should be a lack of information to establish
localisation of the reproduced sound field below 700 Hz in the
first case, and above 700 Hz in the second case. There has been
much debate oun the relative merits of +these two systems in
relation to good localisation and so called ‘"spaciousness". The
differences that do exist between recordings using these two
systems, have given rise certainly to a subjective preference for
one or the other.



However anybody having used these two types of microphone system
for stereophonic sound recording would agree that satisfactory
results can be obtained in both cases. Therefore it would seem
that Intensity Difference information can be wused, to some
extent, below the 700 Hz crossover frequency to produce
stereophonic perceptual information, or inversely Time Difference
information above the 700 Hz crossover frequency.

In the third case, the Hybrid systems produce a combination of
Intensity and Time Differences throughout the audible spectrunm
(the ©belt and braces approach !). The ear can then select the
information that it needs to produce the effect of good
localisation and "spaciousness" of the reproduced stereophonic
sound image. Indeed it may be this combination, satisfying both
aspects of the "Duplex Theory", that explains the subjective
preference of a great number of sound engineers for this type of
system.

It would however be interesting to develop a multi-microphone
array which would satisfy completely the Duplex Theory, wusing
mostly Time Difference information below 700 Hz and mostly
Intensity Ditference information above.

The aim of this paper is to suggest a means for determining the
characteristics of the microphone pairs for Low Frequency Time
Difference information and Medium/High Frequency Intensity
Difference information, that are the component vpairs of the
complete microphone array. Some of the precautions that have to
be observed in relation to geometric/angular distortion of the
reproduced sound image will also be discussed.

EXPERIMENTAL SETUP

Many attempts have been made to compare dual microphone systems
with predominantly Time Difference information +throughout the
audible frequency range, with systems having predominantly
Intensity Difference information. To conduct this experiment
scientifically, equivalent systems must be chosen with as near as
possible the same Stereophonic Recording Angle and the same
Angular Distortion values (3). The microphone directivity pattern
and frequency response curve must also be as near as possible
identical. Having placed the microphone systems at the same
physical position in relation to the sound source, they can then
be compared by rapid stereo cross fading. In this way the maximunm
number of factors are kept constant, whilst enabling direct
comparison between Time Difference information and Intensity
Difference information.

In order +to produce a "Hybrid Frequency Dependent Microphone
Array" from this experimental setup, it is simply a matter of
introducing reciprocal filters into each microphone system with
the crossover frequency at 700 Hz. Adding the low pass left
microphone signal from the spaced system to the high pass left
microphone signal from the coincident system produces the left
signal of the hybrid system (similarly for the right hybrid
signal). The synoptic diagramme of the experimental setup is
shown in Figure 1. Using a programmable filter system it is
possible to obtain total experimental flexibility.



In the original experiment to compare equivalent microphone
systems it was essential to use microphones with +the same
frequency response curve and therefore the same directivity
pattern. However with the "Hybrid Frequency Dependent Microphone
Array" it 1is certainly possible to wuse different directivity
patterns for each component pair. For instance, it is possible to
improve the performance in the low frequency range by using
microphones with a HYPOCARDIOID (wide angled or supra cardioids)
or OMNIDIRECTIONAL directivity pattern for the low pass component
pair.

CHOICE OF EQUIVALENT COMPONENT PAIRS

As with the original experiment to compare equivalent microphone
systems, the component pairs of the Hybrid Array must have as
near as possible identical characteristics of Stereophonic
Recording Angle (SRA) and Angular Distortion. The SRA Diagrammes
shown 1in Figures 2 to 4 enable the values of distance and angle
between microphones of a specific directivity pattern, to Dbe
chosen so that these two conditions are satisfied.

ANGULAR DISTORTION

Although the above approach is acceptable as a first order
approximation, more careful selection of the characteristic of
Angular Distortion is necessary to create an "exact fit" between
component pairs. The Angular Distortion values shown on the SRA
Diagrammes within the square boxes are an indication of the
amount of Angular Distortion existing at one specific point in
the sound field. The Angular Distortion of the left and right
hand sides of the reproduced sound field are generally considered
to be symetrical, one value only therefore being wused to
characterize this Angular Distortion.

There are however many possible distortion characteristics which
would satisfy this one characteristic value. To obtain a better
fit between +the angular non linearity in each of the two
component pairs of a hybrid array, it is necessary to know the
Angular Distortion for TWO positions at least within the
reproduced sound field. This also corresponds more closely to the
original psychoacoustical information given by Simonsen (4).

Perfectly linear angular reproduction of the original sound field
(A-B-C-D~E-F-G), is illustrated in Figure 5. Sound sources "A"

and "G" are the limits of the sound field, being reproduced 1in
this case, at the left and right hand loudspeakers, whilst "D" is
the centre reference. The sound sources "C" and "E" are

reproduced at 10° from the centre reference position, and sound
sources "B" and "F" at 20° from centre.



When Angular Distortion is present, the angular shift of the
sound field at both 10° and 20° can be determined, so as to
characterise the Angular Distortion of a given system with a good
deal more precision. Figure 6 is an example of a possible angular
shift of the reproduced sound field, having a 3° shift at the 10°¢
reference position and a 5° shift at the 20° position. It is
necessary to find a pratical graphical representation of these
two Angular Distortion values that will enable wus to choose
equivalent component pairs for any given Stereophonic Recording
Angle, and also for the specific directivity patterns of the
microphones that have been chosen.

In order to select component equivalent pairs, we are obviously
looking for dual microphone systems with the same Stereophonic
Recording Angle and the same Angular Distortion of the reproduced
sound field. In Figures 7 to 12, the variation of Angular
Distortion 1is shown for different combinations of distance and
angle ©between cardioid microphones, for a constant value of
Stereophonic Recording Angle.

For Cardioid Microphones:

Figure 7 ¢ S.R.A.

+/- 40° (total of 80°)
Figure 8 ¢ S.R.A. = +/- 50° (total of 100°)

Figure 9 : S.R.A. = +/- 60° (total of 120°)
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Figure 10: +/= 70° (total of 140°)
Figure 11: S.R.A. = +/- 80° (total of 160°)

Figure 12: S.R.A. = +/- 90° (total of 180°)

For Hypercardioid Microphones :

Figure 13: S.R.A. = +/- 40° (total of 80°)
Figure 14: S.R.A. = +/- 50° (total of 100°)
Figure 15: S8S.R.A. = +/- 60° (total of 120°)
Figure 16: S.R.A. = +/- 70° (total of 140°)
Figure 17: S.R.A. = +/- 80° (total of 160°)
Figure 18: S.R.A, = +/- 90° (total of 180°)



For Hypocardioid Microphones

Figure 19: S.R.A. = +/~ 40° (total of 80°)

Figure 20: S.R.A. = +/- 50° (total of 100°)

Figure 21: S.R.A, = +/- 60° (total of 120°)

Figure 22: S.R.A. = +/- 70° (total of 140°)

Figure 23: S.R.A. = +/- 80° (total of 160°)

Figure 24: S.R.A. = +/- 90° (total of 180°)
It 1is now a relatively simple process to choose as near as
possible equivalent component pairs from these diagrammes, one
component pair having Intensity Difference information dominant,

the other having Time Difference information dominating.

The following table gives a few equivalent component pairs for
Cardioid Microphones

Low Pass, High Pass,
S.R.A. Time Difference Intensity Difference

Fig 7 + +/=- 40° 48cms /259 (*)5cms/178¢°

Fig 8 ¢ +/- 50° 42cms /15° (*)0cms/164°(coincident)
Fig 9 : +/- 60° 33cms /20° (*)Ocms/141°(coincident)
Fig 10: +/- 70° 27cms /259 Ocms/121°(coincident)
Fig 11: +/-~ 80° 23cms /30° Ocms /103°(coincident)
Fig 12: +/- 90° 33cms /20° Ocms/89° (coincident)
(*) There is however an objection to using these High
Pass/Intensity Difference microphone components. As we can see

from Figure 2, the combinations that have been chosen fall within
the shaded area at the top of the SRA Diagramme. This means that
we can expect in normal recording conditions a reduction in +the
ratio of direct to reverberant sound in the centre part of the

reproduced sound image. A detailed analysis of the reasons for
this difticulty is given in reference (3). <Coincident cardioid
microphone systems are wusually wused with values of SRA

approaching +/- 90°.

As we can see from this table and the corresponding diagrammes, a
good tit Dbetween two component pairs is only possible if one
accepts a few degrees of error. However the error due to the
psychoacoustical characteristics of this type of system and to a
lesser extent the physical characteristics of the microphones are
certainly greater than these few degrees of error.



Malching of component pairs using Hypercardioid microphones is
not restricted as much by this problem of reduction of the ratio
ot direct to reverberant sound in the centre of the reproduced
sound field. However we have to accept with hypercardioid
microphones a reduced response to bass frequencies, The following
table gives a series of equivalent component pairs taken from
Figures 13 to 16

For Hypercardioid Microphones

Low Pass, High Pass,
S.R.AL Time Difference Intensity Difference
Fig 13: +/- 40° 43cms /239 (*)0cms/122°(coincident
Fig 14: +/- 50° 34cms /25° Ocms/100°(coincident)
Fig 153: +/- 60° 25cms /30° Ocms/82°(coincident)
Fig 162 +/- 70° 17cms /35¢° Ocms/65°(coincident)

It is not possible to establish equivalent component pairs using
hypocardioid (wide angled cardioid) wicrophones, it can be seen
trom Figure 4 that the near coincident pair does not exist with a
full Stereophonic Recording Angle.

HYBRID EQUIVALENT COMPONENT PAIRS

It is by no means necessary to use the same directivity pattern
for each of the component pairs. For example, the better bass
response ol hyvpocardioid microphones can be used to advantage in
the Low Pass/Time Ditference component whilst wusing coincident
cardivYds or coincident hypercardioids in the High Pass/Intensity
Ditterence component pair. The following tables give a selection
of Hybrid Equivalent Component Pairs taken from Figures 7 to 24

Stereophonic Recording Angle of +/- 40° (total of 80¢°)

lLow Pass, High Pass,
Time Ditterence Intensity Difference
Fig 19 (Hypo) ! 45cms /61° Fig 13 (Hyper) : Ocms/122°
Fig 7 (Cardio) : 45cms/33° Fig 13 (Hyper) : Ocms/122°
Fig 19 (Hypo) ¢ 30cms /36° Fig 7 (Cardio) : 5cms/178°

Stereophonic Recording Angle of +/- 50° (total of 100°)

LLow Pass, High Pass,
Time Ditterence Intensity Difference
Fig 20 (Hypo) ¢ 35cms/65° Fig 14 (Hyper) : Ocms/100°
Fig 8 (Cardio) : 35cms/34° Fig 11 (Hyper) : Ocms/100°
Fig 20 (Hypo) ¢ 40cms/38° Fig 8 (Cardio) : Ocms/164°



Stereophonic Recording Angle of +/- 60° (total of 120°)

Low Pass, High Pass,
Time Difference Intensity Difference
Fig 21 (Hypo) i 25cms /99° Fig 15 (Hyper) : Ocms/82°
Fig 9 (Cardio) : 25cms/47° Fig 15 (Hyper) : Ocms/82°
Fig 21 (Hypo) : 35cms/34¢ (*)Fig 9 (Cardio) : Ocms/1l41°

Stereophonic Recording Angle of +/- 70° (total of 140°)

Low Pass, High Pass,
Time Difference Intensity Difference
Fig 22 (Hypo) i 25cms/71° Fig 10 (Cardio): Ocms/121°

Stereophonic Recording Angle of +/- 80° (total of 160°)

Low Pass, High Pass,
Time Difference Intensity Difference
Fig 23 (Hypo) ¢ 20cms /939 Fig 11 (Cardio): Ocms/103°

Stereophonic Recording Angle of +/- 90° (total of 180°9)

Low Pass, High Pass,
Time Difference Intensity Difference
Fig 24 (Hypo) : 20cms/83° Fig 12(Cardio): Ocms/90°

Using Spaced Omnidirectional Microphones

The purists will evidently wish to use spaced omnidirectional
microphones for the Low Pass/Time Difference pair and coincident
directional microphones for High Pass/Intensity Difference pair.
This combination creates some difficulty in selecting equivalent
component pairs due to the considerable difference in Angular
Distortion values of the two systems. Angular Distortion wvalues
for spaced omnis are typically around 8° to 9°, whereas other
coincident systems (cardioids or hypercardioids) have Ltypical
Angular Distortion values of 3° to 6°.

The Stereophonic Recording Angle and Angular Distortion
characteristics of spaced omnidirectional microphones are
equivalent to any other directivity pattern when the angle
between the microphones is 09, i.e. when the axes of the
microphones are parallel. The Stereophonic Recording Angle for
omnidirectional microphones can easily be seen in Figure 4 on the
"Distance" axis

+/- 90° : 37cms
+/~ 80° : 38cms
+/- 70° ¢ 40cms
+/- 60° : 44cms
+/- 50° : 50cms
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The Angular Distortion characteristics of spaced omnis for
S.R.A.s of +/- 50° to +/- 90°, <can be seen in Figures 8, 15, 16,
17 and 18 when the angle between microphones is U°.

In this kind of configuration, it is not possible to obtain
angular coincidence between the two sound images throughout the
stereophonic recording angle., It is therefore necessary to

compromise and consider the similarity of Angular Distortion only
in the centre segment occupying 66% of the SRA. The outer 33%
will be impossible to match between the equivalent pairs.

However some of this outer segment can be used as "siderocom” in a
small group recording; the Stereophonic Recording Angle is
determined such that it is larger than the segment occupied by
the group. This means that the instruments situated at the
extremities of the group will be reproduced slightly inside the
loudspeakers.

In the case of a Symphony Orchestra recording, the precise

localisation of instruments, such as !st violins, <cellos and
double-basses, is not as critical in this outer segment as in the
centre 66% segment where individual instruments such as the

woodwinds, brass and percussion are usually placed and should
obviously be individually localised.

Here is a series of equivalent pairs that satisfy this partial
matching

Low Pass/Time Difference - Fig 4 (Omni) : 37cms/0°
(Stereophonic Recording Angle of +/- 90° (total of 180°))

High Pass/Intensity Difference ~ Fig 14 (Hyper) : Ocms/100°
(Stereophonic Recording Angle of +/- 50° (total of 100°))
Low Pass/Time Difference - Fig 4 (Omni) : 37cms/0°
(Stereophonic Recording Angle of +/- 90° (total of 180°))

High Pass/Intensity Difference - Fig 8 (Cardio) : Ocms/164°(*)
(Stereophonic Recording Angle of +/- 50° (total of 100°))

Low Pass/Time Difference ~ Fig 4 (Omni) : 37cms/0°
(Stereophonic Recording Angle of +/~ 90° (total of 180°))

High Pass/Intensity Difference -~ Fig 14 (Cardio) : Ocms/141°(*)
(Stereophonic Recording Angle of +/- 60° (total of 120°))

Low Pass/Time Difference - Fig 4 (Omni) : 38cms/0°
(Stereophonic Recording Angle of +/- 80° (total of 160°))

High Pass/Intensity Difference - Fig 14 (Cardio) : Ocms/164°(*)
(Stereophonic Recording Angle of +/~ 50° (total of 100°))

Low Pass/Time Difference -~ Fig 4 (Omni) : 40cms/0°
(Stereophonic Recording Angle of +/- 70° (total of 140°))

High Pass/Intensity Difference - Fig 14 (Cardio) : Ocms/164°(*)
(Stereophonic Recording Angle of +/- 50° (total of 100°))



CONCLUSION

This paper has shown a method for selecting equivalent component
pairs of a four microphone array with good matching of S.R.A. and
Angular Distortion between each component pair. Specific examples
have been given to illustrate the method of selection.

It is not the 1intention of +this particular paper to draw
conclusions as to the subjective value of each of the systenms
described. However, from the information given in this paper, the
sound recording engineer is able to create coherent microphone
arrays and establish his own personal preferences. The
availability of this information with respect +to different
Stereophonic Recording Angles also means that optimum systems can
be selected for specific acoustical environments.

This +type of Frequency Dependent Microphone Array can also be
used to experiment with different S.R.A.s in the Low Pass/Time
Difference component with respect to the High Pass/Intensity
Difference component. It is sometimes necessary to increase Low
Frequency Time Difference information due to the limitations of
the listening room environment.
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FIGURE 1 - Synoptic Diagramme of Experimental Setup
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