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ABSTRACT

A popular approach for multichannel recordings of classical music is to reproduce the stage via the front
channels, while the rear channels are limited to the reproduction of early reflections and diffuse sound. This
paper investigates the influence of systematic variations of a spaced pair of surround microphones on the
spatial impression of the reproduced sound. The investigations include variations of the distance between
front and rear microphones and of the spacing of the capsules, as well as variations of the respective polar

patterns.

1. INTRODUCTION

Investigations on multichannel recording have been per-
formed for more than 25 years, and many proposals for
microphone placement have been published during this
time. Popular microphone setups for 5.1 surround con-
sist of five microphones dedicated to L, C, R, LS and
RS channels like INA-5, OCT, or the arrays proposed by
Williams. Others treat the rear channels separately like
Hamasaki Square or IRT Cross (see e.g. [1, 2, 3]).

Disregarding optimized five—channel arrays and disre-
garding special rear channel setups, many recording en-
gineers treat surround recordings rather pragmatically.
Confronted with needs like recording stereo and 5.1 si-
multaneously, they utilize a stereo setup, supplemented
with surround microphones to feed the LS and RS chan-
nels.

Aim of this research was to focus on this rather practical
approach, and to give an overview of the effects of sur-
round microphone polar patterns and placement on the
perceived sound. The results may help the balance engi-
neer with surround recordings when adjusting the spatial
microphones in addition to a running stereo setup.

2. SETTING UP SURROUND MICROPHONES
One might expect that the choice of surround micro-
phone polar patterns and placement strongly influences
the quality of reproduced sound. But different consider-
ations on setting up surround microphones may lead to

contradictory conclusions, as a short view in the litera-
ture shows:

According to B. Slotte, direct sound in the surround
channels produces blurring and inhomogeneity in sur-
round imaging. He concludes:

“The best way to avoid direct sound from the

front is to use rear-facing cardioids, but also
laterally oriented figure-8’s [...] can work
quite well in this respect.” [4]

On the other hand, the sense of spaciousness is depen-
dent on frequency, as J.M. Potter et al. showed in experi-
ments with different narrow-band and octave-band noise
stimuli:

“The results of all three experiments show
that spaciousness decreases for increasing fre-
quency” [5]

Thus omnidirectional microphones may be useful for
picking up low frequency content and therewith increase
spaciousness, but at the same time may cause problems
in imaging.

D. Griesinger states that:

“[...] to provide a realistic impression of the
hall over a large area, the reverberation in the
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front left and right speakers should be uncor-
related [...]. Furthermore the reverberation in
the rear speakers should be uncorrelated, and
at the same time it must be uncorrelated with
the front speakers.” [6]

To avoid correlation of the diffuse sound, the microphone
distance must be large in comparison to the critical dis-
tance (Hallradius) in the recording venue.

J. Wuttke however fears:

“Large distances betweeen the microphones,
however, cause special problems [...]. In
the worst case one hears an undifferentiated
cloud of sound sources looming around each
loudspeaker without forming a coherent stere-
phonic image; there is no ‘envelopment’.” [7]

G. Martin even suggests:

“The seperation between front and surround
microphone arrays should not exceed approx-
imately 70cm to maintain front / back cohe-
sion.” [8]

He suggests however creating decorrelation with other
methods like mirophone angle.

In this work, an experiment was carried out to investigate
surround setups of two microphones feeding LS and RS
channels with variations of microphone positioning and
polar patterns.

3. RECORDING

Recordings for this experiment were made in Vienna in
the Mozartsaal of the Konzerthaus, which is said to be
one of the most beautiful halls for staging and record-
ing chamber music. This medium sized music hall (704
seats) has a mean reverberation time of R7T60 ~ 1,9s
without an audience (frequency dependent reverberation
time, measured as RT 20, is depicted in Fig. 1 [11]) and a
volume of ~ 4410m?>. Critical distance can be estimated
as 0.057./V/RT60 =~ 2,8m. The hall has large lateral
and rear balconies which influence the early lateral re-
flection patterns significantly in delay and intensity and
thereby intensify the spatial impression [9, 10].
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Fig. 1: Reverberation Time RT20

As sound sources were chosen:

e male speech
e solo violin

e small orchestra

In order to allow the subjects during the listening test to
concentrate on the sound quality rather than on the text,
the speaker recited Bulgarian text. Violin and orches-
tra were chosen to cover both small single sound sources
and a bigger ensemble, whereas orchestra as a bigger en-
semble is said to show the influence of lateral reflections
more explicitly [10]. A violin music excerpt with rather
long breaks between single notes was chosen to render
the impression of envelopment in the “spaces between
foreground events”, according to Griesinger [6].

The front L/R channels were recorded with an ORTF
stereo array, using Sennheiser MKH 800. Distance and
height were adjusted subjectively for the various sound
sources. The center channel was ignored in order to pre-
vent any questions concerning this wide (and interesting)
area of surround recording.

The arrays under investigation consisted of 12 spaced
pairs, located at 4 different positions, i.e. two positions
on a front plane 1 m behind the ORTF array (spacing
0.6m and 5.2m), and another two with the same spac-
ing 7.8 m behind the ORTF array on a back plane (Fig.
2).

Each surround microphone location was equipped with
omnidirectional, cardioid and bidirectional microphones,
consisting of Sennheiser MKH 20, 40 and 30. The car-
dioids and bidirectionals were arranged so that the an-
gle of maximum rejection pointed towards the source to
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Fig. 2: Microphone Setups, Mozartsaal of the Konz-
erthaus, Vienna

mask the direct sound from the stage as recommended in
[4]. All surround-microphones were at a height of 3.3 m.

Recording levels (same level for 0° sound incidence
on the respective capsule on all recording tracks) were
adjusted utilizing an acoustic noise generator [12].

During the editing process the ORTF signal was routed
to the front L/R channels. The spaced pairs were each
routed to LS and RS channels which led to a total of 12
investigated setups, each combined with the same front
array. Center and LFE channels were not used.

Three Tonmeister students were asked to adjust the sur-
round levels to ensure that the surround signals had the
same subjective level, despite differing directivity in-
dices of polar patterns and of differing direct sound lev-
els due to microphone positioning. As the differences

between the three values didn’t exceed 1.5 dB, the mean
was taken as the resulting value.

4. EXPERIMENT

For subjective evaluation of the recorded samples, a ran-
domized blind test was performed according to recom-
mendations on psychological research [13]. The test took
place with students of Tonmeister and Music at Detmold
University of Music, guided by a test administrator.

4.1. Sound Reproduction Conditions

The test took place in the standard ITU 775-1 listening
room [14] of Erich Thienhaus Institute at Detmold Uni-
versity of Music, equipped with Geithain RL 901K mon-
itor loudspeakers. Subjects were seated exclusively in
the sweet spot. All stimuli were played at the same re-
production level for all tests, except for one, where the
subject requested a 2 dB reduction of the orchestra stim-
uli to feel comfortable.

4.2. Test Design

To check the significance and practicability of the de-
sign, a pretest with 9 Tonmeister students was carried
out. Following the questionnaire the test administrator
had a short talk with each subject to hear their problems,
suggestions and experiences during the test. Further-
more, duration and annoyance of the experiment were
discussed.

As result of the pretest, the main experiment was modi-
fied somewhat in the wording of one parameter, and the
training phase was augmented from 3 stimuli for each
sound sample at the beginning of the test, to each 5 stim-
uli just before the corresponding sound sample.

In the questionnaire a direct rating method with contin-
uous scale was employed, utilizing adjective pairs (two
extreme terms for a single parameter) [13].

The parameters and adjective pairs were chosen inspired
by the descriptive language for spatial sound reproduc-
tion developed by J. Berg and F. Rumsey using the
“Repertory Grid Technique” [15], as well as by recom-
mendations in ITU-R BS.1284-1 [16]. The questionnaire
language was German.

The ITU Recommendation was followed as closely as
possible in terms of test realisation, e.g. like choice and
duration of stimuli, or number of subjects.

As stimuli were chosen short, coherent excerpts of ap-
prox. 10sec from each of the three sources (speech, vi-
olin, orchestra). Test duration was one hour including a
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Fig. 3: Microphone Test Setup in the Mozartsaal

break. For each subject dice were thrown to select one
of six specific test versions, varying in stimuli and sam-
ple order. In every test, one microphone position was
repeated to allow assessment of the subject’s reliability.

4.3. Rating Process
The participants had to rate the following 7 parameters:

1. Room Size (Raumgdfle)
How large does the room seem to be?
rather small — rather large (eher klein — eher grof3)

2. Spatial Distribution of Reverberation! (Réumliche
Verteilung des Halls)
How is the distribution of reverberation, consider-
ing the different room directions? uneven - even
(ungleichmdfsig — gleichmdfig)

3. Room Envelopment (Raumliche Umbhiillung)
How strong is the envelopment of sound?
weak — strong (schwach — stark)

4. Front Image Sharpness (Frontale Abbildung)
How sharp is the image of the individual instru-
ments?
muddy — clear (verwaschen — klar)

5. Apparent Source Width (Breite der Quelle)
How wide is the whole sound source on stage?
narrow — wide (schmal — breit)

wording changed after the pretest

6. Timbre (Klangfarbe)
How is your overall impression of timbre?
rather dark — rather light (eher dunkel — eher hell)

7. Preference (Prdiferenz)
Do you like the sound as a whole?
don’t like — like very much (gefdllt nicht — gefdlit
sehr)

The subjects were allowed to listen to the looped stimu-
lus for one minute. In most cases completing the ques-
tionnaire for 7 parameters did not exceed 45 sec.

4.4. Subjects

A total of 29 subjects participated in the experiment. 24
of them were Tonmeister students, 5 Music students. 9
of them only participated in the pretest (with its different
wording for one parameter). 2 of the completed ques-
tionnaires were excluded because of poor performance
in recognizing the repeated stimuli.

This gives results for 27 participants for 6 parame-
ters, and for 18 participants for the parameter that was
changed.

4.5. Data Quantization

As continuous scales were employed, the rating had to
be quantized to allow statistical interpretation. For data
quantization the graphical rating was converted into an
integer number from O to 10, where O corresponds to one
of the extreme adjectives (the left) and 10 to the other

AES 28™ INTERNATIONAL CONFERENCE, PITEA, SWEDEN, 2006 JUNE 30—JULY 2
Page 4 of 10



Meind| et al. Effect of Microphone Setup on Room Perception

(the right). The intermediate values were equally distrib-
uted in between.

4.6. Selection of Data

All parameters except Spatial Distribution (2) and Ap-
parent Source Width (5) gave highly significant results
in ANOVA [17]. Consequently, (2) and (5) were disre-
garded, and further analysis concentrated on the five pa-
rameters Room Size, Envelopment, Front Image, Timbre
and Preference.

5. RESULTS

Following abbreviations will be used in the diagrams:

omnidirectional microphone
cardioid microphone
bidirectional microphone
narrow spaced pair

wide spaced pair

HH‘:QSOOOO

front plane —&—Room Size —o—Envelopment
rear plane —e—Front Image = Timbre
example: #— Preference

omnis, rear plane, narrow spaced Orn

Fig. 4: Overview: Comparison of Means - Orchestra

5.1. Presented Diagrams

For the statistical analyses cumulative frequencies were
looked at first. For further interpretations means with
95% confidence intevals were calculated, whereof the re-
sults of the Orchestra sample can be found at the end of
this document.

However, in the following diagrams direct comparisons
between the 12 microphone setups can be made more
understandable than with error bars. Displayed are the
means of all parameters, where the values of the dia- O rw
grams correspond to the quantization of subject ratings:

the low value inside the center corresponds to rather

small room size, weak envelopment, muddy front image,

rather dark timbre and less preference. The high value at 8rn < \
the outside border corresponds to rather large room size,

strong envelopment, clear front image, rather light tim-
bre and great preference.

5.2. Differences between Sound Samples

Some changes in microphone setup influence the sound —=—Room Size —O—Envelopment
samples in completely different ways and some effect ex- —e—Front Image ——Timbre

actely the same changes for all sound samples. #— Preference

Variations of polar patterns for example can’t be gener-

alised at all for different instruments. Fig. 5: Overview: Comparison of Means - Speech

But for example moving the widely spaced bidirectional
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Fig. 6: Overview: Comparision of Means - Violin

microphones from the front plane to the rear plane gives
exactly the same types of perceived changes for all sound
sources.

Sometimes the results of the orchestra samples differ
from the results of speech and violin samples, this may
be caused by its differing width.

5.3. Differences between Polar Patterns

The biggest differences between omnidirectionals, car-
dioids and bidirectionals for the parameters room size
and envelopment were found at the front positions. Car-
dioids and bidirectionals seem to create both a bigger
room and stronger envelopment for the single sound
sources (see Fig.7). With narrow spacing for the orches-
tra sample however, omnidirectionals seem to make the
room bigger than bidirectionals.

Overall, bidirectionals tend to be preferred and are per-
ceived as giving a clearer image for the orchestra samples
and parts of the speech samples (e.g. Fig. 8).

However, for violin samples at the front narrow position
(see Fig. 7), omnidirectionals seem to create a sharper
image and, along with cardioids, are preferred when
compared with a bidirectional microphone.

Statements from Slotte [4] as noted in section 2 can
therefore be confirmed only for parts of this experiment.

Room Size
8

Preference > Envelopment

Timbre ~'Front Image

——Ofn - Cfn +38fn]

Fig. 7: Violin - Patterns. Omnis, cardioids, fig8s; narrow
spacing, front plane (O fn, C fn, 8 fn)

As expected, omnidirectionals create a darker timbre im-
pression overall. The influence of low frequency content
on spaciousness however, weren’t answered in this ex-
periment.

Interesting is the fact that for the narrow spaced rear
setup, the effects of bidirectional and cardioid miro-
phones for the speech sample appear to be inverted when
compared to the orchestra sample. (see Fig. 8 and 9)

5.4. Differences in Position

It can be stated that aside from a few exceptions, the po-
sitions with more distance to the stage create a compera-
tively muddier front image (especially with narrow spac-
ing), althought direct sound is less of a problem then at
the front positions (see Fig. 10, 11, 12).

Also at the rear plane, contrary to expectations of Wut-
tke and Martin [7, 8] (see section 2), omnidirectionals
and bidirectionals seem to create more envelopment and
room size than at the front plane.

Althought cardioids show fewer differences between the
planes at these parameters, the orchestra sample with
the front narrow setup gives the best envelopment of all.
This, on the other hand, agrees with statements by Martin
[8] about front / back cohesion as mentioned in section
2.

The wide spaced setups were preferred, even though
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Room Size
8

Preference < > Envelopment

Timbre ~'Front Image

——Ormn & Crn—-4+8rn

Fig. 8: Orchestra - Patterns. Omnis, cardioids, fig8s; nar-
row spacing, rear plane (O rn, C rn, 8 rn)

Room Size
8

Preference < " Envelopment

Timbre ~'Front Image

——Ormn & Crn—-4+8rn

Fig. 9: Speech - Patterns. Omnis, cardioids, fig8s; nar-
row spacing, rear plane (O rn, C rn, 8 rn)

Room Size
8

Preference > Envelopment

~'Front Image

Timbre *

Fig. 10: Orchestra - Distance. Omnis, narrow spacing,
front and rear plane (O fn, O rn)

differences in preference aren’t big, with the exception
that the bidirectional microphones yielded a much higher
mean value for the front wide spaced setup (Fig. 13).

6. CONCLUSIONS

In this paper 12 variations of microphone positioning
and polar patterns were investigated regarding their
influence on room and image perception.

Remarkable are the significant differences in Front
Image Sharpeness (4). Bidirectional microphones seem
to produce a sharper image than other polar patterns -
especially in the front wide spaced position. The other
results partly agree with theoretical statements in respect
to Room Size (1), Timbre (6) and Envelopment (3).
Less significant results in Preference (7) may reflect
the subjectivity in perception of surround sound. It
is nevertheless worth mentioning that the results for
preference correlate to a certain degree with those for
front image sharpeness.

Perhaps the results of this experiment will be useful to
audio engineers as a guideline when creating their own
surround sound recording setup. However, again it must
be said clearly that these results are in detail only valid
for the Mozartsaal of the Konzerthaus, Vienna.

To find more exact results it is first necessary to design
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Room Size
8 .
Room Size '
8 1

Preference < . Envelopment

Preference < . Envelopment
Timbre ~Front Image
Timbre ~'Front Image

Fig. 11: Orchestra - Distance. Cardioids, narrow spac-
ing, front and rear plane (C fn, C rn)

Room Size

Preference < > Envelopment

Timbre ~'Front Image

Fig. 12: Speech - Distance. Omnis, narrow spacing, front
and rear plane (O fn, O rn)

——O fw = C fw =8 fw]

Fig. 13: Violin - Patterns. Omnis, cardioids, fig8s; wide
spacing, front plane (O fw, C fw, 8 fw)

several detailed listening tests for parts of the 12 setups
and second to repeat the recordings with the same setup
in other rooms.

Furthermore it would be very interesting to continue
this experiment with different combinations of 4 micro-
phones. The recorded material from this reserch can be
provided for further investigations.
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Fig. 16: Mean and 95% Confidence Interval
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Fig. 18: Mean and 95% Confidence Interval
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