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ABSTRACT

Coincident microphone setups are known for theique flexibility in terms of stereophonic imaginigyt their
reputation for spatial reproduction has been lesdtipe. The latter opinion was caused by setupslgansufficient
signal separation and by the use of less-than-@ptinicrophones in the 1960s and '70s—shortcomingsdan well
be avoided nowadays. Coincident setups and, incpkat, M/S setups for stereo and surround exiat #re out-
standingly practical. When care is taken with patars such as directional imaging and diffuse-fmdelation, a
coincident setup can compete with spaced setupsiewegard to spatial reproduction. A particulaoK is taken at
the Double M/S technique for stereo and surround.

i.e. the advantages and constrictions of the tegcknare
L INTRODUCTION clear to the user. As with many things, the undegy
The M/S recording technique is now quite populad a principle is that no technique is flawless, and tha

is one of the best established recording technifpres  miliarity with the strengths and weaknesses otch-te
certain applications. The Double M/S technique in-  nique allows optimal results to be obtained. Anytod
creases still further the capabilities of M/S ftareo or product which claims to offer a "fool-proof" re-
and surround recording. Various methods of decoding cording technique must be regarded very critically.
the Double M/S signals exist, and new tools foi-opt ~ This paper analyzes the M/S technique for sterelo an
mized decoding are available. Nonetheless, relstive  surround according to certain decisive parameleis.
little is known about its properties. Thus theraiseed divided into a theoretical and a practical analy$ise
for objective description and the sharing of expreces  theoretical analysis investigates the importanapes-

concerning this type of microphone arrangement. ters of the microphone arrangement such as channel
Coincident microphone setups have a negative reputa correlation in diffuse fields, directional imagicbarac-
tion for spatial reproduction. The author himselsh teristics and crosstalk behavior. By analyzing ¢hes-

fallen into the common trap of assuming the inféijo ~ rameters, important characteristics of the microgho
of M/S recording to other techniques, but has sieee  arrangement can be predicted; this objective aisalys
viewed this opinion. The M/S recording techniqubys simplifies the assessment of existing arrangemeits.
no means a compromise, just as using Double M/S fornally a practical analysis of different Double MI&-

multichannel recording is not, as long as the priigee ~ coding variants supplements the view of this teghei
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2. THE M/S TECHNIQUE Every M/S arrangement has a theoretical X/Y equiva-
lent to which its signals can be converted. Figuilus-
2.1. M/S Encoding and Decoding of X/Y trates various combinations of M/S signals (M =dear

oid) in the top row, with their equivalent X/Y ange-
ments (after decoding) underneath. The X/Y patterns
which would theoretically produce the equivalenttod
dematrixed M/S signals can also be called “virtugl
crophones”.

The signals of a normal (X/Y) coincident microphone
arrangement can be matrixed according to the M/S
(Mid/Side) principle by calculating the sum andfelif
ence values. The “Mid” signal is the sum of the two
signals, and the “Side” signal is their difference.

To decode or dematrix these signals, a combination
sum and difference values is obtained as descitbed
the formulas below. The parametegsakd k determine
the newly derived stereo image. Whenks = 0.5, the
original signals are reobtained. A distinct advgetaf
M/S coding is that it allows the recording anglel an
stereo width to be varied by simply trimming the pa
rameters kand k.

M=L+R L=k,"M+k,”S
S=L-R R=k, M- k,” S

2.2. M/S Recording for two-channel stereo

In M/S recording, two microphones—one for the M sig
nal and one for the S signal-are used to recoetiljr

in “encoded” form. The M microphone is directed-for
ward while the S microphone is directed perpendicul
to the M microphone’s axis.

Figure 1: A typical setup for M/S stereophonic re-
cording: shotgun microphone with an attached
figure-8 microphone for use in a windscreen. [21]

Figure 2: lllustration of the M/S principle:
Top Row: M signal (black) and S signal (green); Babm row: the resulting signals L (blue) and R (red)
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a how-to).

This overcomes the basic disadvantage of convealtion
M/S, which is that the directional pattern of theual
microphones depends on the mixing ratio chosethfor
M and S signals. This means that with increasirig “S
Double M/S is a recording technique for two- or tiaul ~ signal level, the resulting directional pattern eleps
channel stereophony which relies solely on sigeall  from cardioid to figure-8 (see Figure 2). With aubée
differences, not on arrival-time differences. M/S arrangement, the signals from the three micro-
The underlying principle of the Double M/S arrange- Phones can be mixed to create any directional ipatte
ment is the grouping of three microphones into /g  for the virtual microphones. As an example, Fidaire

microphone pairs which share one figure-8 microghon Shows both conventional decoding (top row) and Dou-
Figure 3 illustrates this principle: ble M/S decoding to constant supercardioid patterns

(bottom row).

2.3. Double M/S arrangement for two-channel
and multichannel stereo

2.3.1. Double M/S: microphone arrangement

MS-Stereopaar | MS-Stereapaar I
FRONT) (REAR)

(%DO 09, 09,
finks rechts + fintks rechts == fnis rechts
O

CCM 4VLg
(cardioid)

shock mount and
cable adapter of
WSR DMS LU

, o CCM 8Lg
Figure 3: The principle of the Double M/S arrange- """ =< {iigure-8) e
ment: combination of two M/S pairs [21]

The three microphones/channels are nhamed:
M CCM 4VLg
s front (cardioid)
Mrear

By using three compact, small-diaphragm microphones

it is possible to arrange them in almost perfeatde Figure 4: Double M/S arrangement: by employing
dencej.e. all at the same point, see Figure 4. compact microphones (SCHOEPS CCM 4V and

CCM 8), the smallest possible spacing between the
2.3.2. Double M/S: generation of 2/0-Stereo and three diaphragms is achieved

3/2-Stereo Signals

It is possible to generate signals for two- or fnult This advantage is vital for optimized coincident re
channel stereophony from the three Double M/S micro cording. It enables the user to vary the recordingle
phone signals. This can be done by using one cenven without changing the directional pattern. It makes
tional M/S matrix to generate the L/R signals from possible to adjust the correlation of the resultiirgual
MsondS @and a second such matrix to generate the LS/R8icrophone pair without changing the recording angl|
signals from M:,/S. Furthermore, a center speaker canHence, it enables maximum decorrelation of the two
be driven by the signals from the: ¢ microphone. signals—an important consideration for the M/S tech
However, the Double M/S arrangement also allowsafor nique. The importance of these parameters willise d
much better form of decoding in which the direcibn  cussed in section 3.2. Practical tools for Doubl& M
patterns of the “virtual microphones” are indeparidd  decoding are described in more detail in sectidn 1.
the mixing ratio chosen for M and S (see sectidnfdr.
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Figure 5: lllustration of the difference between deoding with and without variable directional pattern of the
Mione Signals. Indicated is the polar pattern of the demded channels L, R.

Top row: fixed directional pattern of M son; M tone=cardioid (compare Figure 2)

Bottom row: variable directional pattern of M gop; L, R=supercardioid

2.3.3. Similarities of the Double M/S system to
the Ambisonics system

Ambisonics is a recording and playback technique in
vented by Michael Gerzon [8]. This technique rebas
coincident recording. The theory on which the téghe
is based is the splitting of the sound field inbecalled
“spherical harmonics”; functions which describe the
motion of the incoming sound waves. The higher the

order of these spherical harmonics, the greatteis
descriptive precision.

Figure 6 shows spherical harmonics up to and inctud
order three. Using conventional first-order micropbs, Figure 6: Visualization of spherical harmonics to
it is only possible to record first order sphericafmon-  order three; | (y-axis) defines the order, and mix-
ics. Recording such first order Ambisonics signats axis) the dimension, from [35]

duces so-called “first order B-format” signals:

These four signals can be obtained from microphanes
different ways. According to Gerzon, the four Brfat

First order B-format signals can be obtained from four microphones gedn

th . -1
gst grrggrr_' \)/(V—_clc;sﬂ)) * cos(): tetrahedrally. These microphones already existefer
' e . ! ample the “Soundfield” microphone produced by
Y= s!n(Q) cos(); Soundfield UK (see [25]). The advantages of this
. z :.sm(); ) method are the regular spacing due to the tetrahedr
whereQ is an angle in the x/y plane (z=0) &né an shape, and good coincidence in all spatial direstio

angle in the z-plane.

AES 14th Regional Convention, Tokyo, Japan, 2009 July 23—-25
Page 4 of 24



Wittek

M/S Techniques for Stereo and Surround

However, this method has the disadvantage of ngedin signal were to be evaluated with regard to thempara

to convert from the tetrahedral “A-format” signalB-
format.

A different method is to use a special microphoete s
to obtain the B-format signal directly. This arrangent
consists of one omnidirectional microphone (W) and
three orthogonal figure-8 microphones (X, Y, Z) asd
referred to as “native B-format recording” (seefi@
an illustration). If three-dimensional playbacknist
required, the third figure-8 microphone can be tedit
which leaves an arrangement that is easily sethig.
format with only three microphones is termed “horiz
tal B-format” by Benjamin [1]. With sufficiently sall
microphones, it is possible to achieve perfectzuomial
coincidence. In principle, Double M/S signals césoa
be converted to “horizontal B-format” by additionca
subtraction:

W = Mfront+ Mrear;
X = Mionr Mrear
Y=S;

Hence the Double M/S signals are identical to firster

ters this paper is concerned with, the result might
negative. In fact, many engineers reject mixes haate
been recorded in this way. However, it is important
note that this is not necessarily due to the cdet
nature of the recording, as is often stated. Theze
many types of coincident recording and many ways of
judging their quality and optimizing them [16].

3. PARAMETERS FOR THE THEORETICAL
ANALYSIS OF THE M/S TECHNIQUE

In this section, various important parameters fier t
objective evaluation of the M/S technique—whetluar f
two-channel stereo or surround sound—uwill be dis-
cussed. These parameters are:

Level and time differences for directional imaging
Correlation
Crosstalk.

These parameters influence various attributes xafgpe
tion such as localization, sound color and spatatep-

Ambisonics signals except for the missing Z-compne tjon. The relevance of these different parameters d

(height). This makes no difference if the playbatkhe
signals is on a conventional speaker system withai#
component (e.g. 2.0, 5.1, etc.).

Benjamin [1] compared the two different recording

methods. This comparison showed that a native afray 3 1.
single capsules (Benjamin used SCHOEPS MK 2 and

MK 8) led to better polar patterns for B-formatt ye
sound from any other direction than horizontal ttesl
in rather less ideal response. The tetrahedrap setu
vided good, consistent polar patterns independent o
sound direction, but irregularities occurred abfree
quencies of about 6 kHz. See also Flock [7] forenor
details.

As mentioned above, the underlying principle of the
Ambisonics theory is the analysis of the soundiftey
splitting it into different directional componenf3uring
playback, the sound field is reproduced by the ngof
all the speaker signals. Due to this, it is notkaty that
two or more speakers will have correlated sigriEte
splitting of the sound field does not follow théethat
a phantom source is created using level and tirffierdi
ences between two neighboring speakers, but rather
aims to create physical summing in the sweet Sgos.
leads to different properties of the system, egbgci
concerning the parameters discussed alreadyalt is
completely different approach to localization frtime

pends on the application in question. An imporfawint
to appreciate is that no parameter, no matter hopoi-
tant, should be considered by itself.

Directional imaging (localization)

3.1.1. General description

This parameter describes the ability of a microghon
arrangement to recreate the sound field between the
speakers according to the engineer’s wishes offtén
desired that the sonic image captured during réagrd
is proportionally reproduced in playback. In thise,
the recording angle plays an important part. The re
cording angle is the angle in the recording envirtent
which is reproduced between the front speakers/RYC
during playback. For a more detailed descriptiotoef
calization and recording angle please refer to {81
[32]; the following description will not go into grgreat
depth on the subject.

The apparent positioning of the phantom source is
achieved by differences in time and level betweén m
crophone signals; these cause the source to ledshif
right or left of the centre between two speakelilt
explains how these two types of signal differende; a
the total phantom source shift is the sum of there®

phantom source theory_ Consequenﬂy the two theorie shifts due to time differences and level differenbe-

cannot be compared directly. If a first order Anolpics

tween the signals. This can be represented as:
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F oamF L +F¢ see Theile: [26], [27] 100% ————— T TR

A I O S W P o A
This linear addition is valid only for phantom soer & e _j____iuj_;j_'__'j'._ AR i s N
shifts up to 50% of the maximum shift. After thisint, G T I W - 2. Al D 3 TE‘
there is a gradual saturation up to the point thece is £ ISR O I e A ,_/_ij:__:rj[,q—l_i____i__
localized in the direction of one speaker. The autf 8 50% locchonlont i Rl ' : :
this paper describes this behavior as a matherhatica & NNy 8 4'7 5 of rdBI} NN
function ([31], [32], [33], [34]). This approximatn is € T "'I,};'"J,* "
illustrated in Figure 7 below. It must be notect tie & 5% 5 7 | i i i | i
shift of the phantom source is proportional to geea B <E R .
separation. For this reason, the source shiftpsessed VAR
in per cent so as to be valid for any playbackesyst 0 3 6 9 12 15
geometry. In a normal stereo triangle a shittb0% Interchannel level difference AL [dB]
would correspond to a shift @80°. A 100% shift
means that the source is localized in the direatioone 100% B
speaker. The graphs in Figure 7 show that diffedata i - I—DL\ i Pl amnnls
on the phantom source localization exist. Thidss a & o AP T het
due to the fact that the source shift depends etyite S % | | R i '}f"_:___ ﬂ-’ _____
of stimulus (static or impuls) and on the speatoah- 8 ! o/ A B 1
position. 2 R _";r}_'#:;ﬁ_}_'f""E'"I _____ P
With the help of this approximation, it is possibde E 0% ! !4' "4 : i !
calculate the stereophonic image of two microphones £ T 00 i ,“[13 % | 0,1msﬁ T
This concept has been realized in the form ofithege £ .., E/» fipernnest ; fu=end |
Assistanta Java applet to simulate the situation. The B - R e s B el B et S S
applet can be used to calculate localization cyraed F Ii—- S i it i St et Rl
is avalllable for use online (seevw.hauptmikrofon.de 0 oz 0!'4 0% I 10 .
and Figure 8; [33]’ [34])' Interchannel time difference At [ms]
The localization curve describes the shift of thap Figure 7: Relationship between level difference

tom source as a function of the angle of the sound (top picture) and time difference (bottom pic-
source in the recording room. The main page ifrthe  ture) and phantom source shift. From:
age Assistanshows the sound source angle in degrees AN
on the abscissa and the shift of the phantom sdigce ?gl? curve: Wittek [34], 7.5%/dB and

. . 6/0.1ms
tween the front speakers, in percent, on the oteina
The recording angle can be found by looking for the  A: Leakey [17]
area on the graph in which the source is localbm=d B: Mertens [19]
tween the speakers. This area is shaded light hde,  C: Brittain and Leakey [3]
the recording angle (100%/75%) is displayed inawi D: Simonson [24], Basis of the “Williams
dow in the top left corner of the main page. curves” [29]

E: Sengpiel [23]
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Figure 8: Simulation by the “Image Assistarit localization curve of the OCT setup.
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Figure 9: Graphs of recording angle against offseangle for a XY microphone arrangement applying seval
different directional patterns. (There is no meanimgful recording angle for a coincident arrangement onsist-
ing only of wide cardioids or omnidirectional microphones).
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3.1.2. Comparison of the imaging characteris-
tics of stereophonic setups

Many authors have designed their microphone setups

such that the directional imaging determines tipe tyf
setup. This is not only due to the fact that ttasameter
is regarded as vital, but also because a setumizgti
for this parameter can automatically have otherdgoo
attributes regarding the other parameters mentioned
above as well. Nonetheless, it is important to olesall
parameters when developing new combinations and
techniques. The setups proposed by Williams (MMA,
see [28] and [30]) are purposely designed for opttim
(360-degree) directional imaging of the sound field
According to Williams, other parameters such asiaba
imaging are influenced largely by the setup’s ditetal
imaging capabilities.

Theile argues similarly, but recommends certain ar-
rangements to ensure that parameters other thex: dir
tional imaging are well provided for. An exampletloifs
type of microphone setup is the OCT setup (seer€igu
10, [26]) which has various other advantages. Finst
localization curve of this setup, shown in Figurés8
very linear which entails very natural directioimabg-
ing without geometrical distortion. In additionpsstalk
between the imaging areas of the microphones is min
mized in an OCT setup. In other words, a signakiger
reproduced coherently in all of the three chanriéiés
has advantages for spatial imaging, timbre anddhe
bustness of the image.

Front

CcCM 4
(an omni, e.q. CCM 2S, can
be substituted)

N

CCM 471V CCM 41V

or or

CCmM 41 i CcCM 41
8cm

@ - 40 - 90 cm, depending on o @

n the intended recording angle* B

Figure 10:The OCT arrangement proposed by
Theile [26], from [21]

The directional imaging properties of an M/S selep
pend on the decoding of the signals. This is dsahe
decoding makes any variation of a coincident arang
ment with 2, 4, 5 or even more virtual microphopes-
sible. Figure 9 shows the recording angle vs. ffeeb
angle and the chosen pattern for a two-channettoin
dent X/Y setup. Note that not every combinationgs-
ful, since there may be an uneven energy balance (f
example, a combination of two cardioids at 180°&8&s
dB loss of energy at 0°).

For Double M/S surround, the imaging is criticafiae
coincident first-order microphones simply cannai-pr
duce different enough signals to create optimaaiton
and directional imaging. For this reason, care rhast
taken; frequently a 4-channel decoding (withoueater
channel) produces better results than a 5-charaveldd
ing when it comes to 360-degree imaging.

The frontal directional imaging of a setup withaut
center channel is not critical (see Figure 11). frboetal
directional imaging of the 5-channel variationli@wn
in Figure 12. The simulation clearly shows that ttheo-
retical ideal of a regular, balanced image betwiben
speakers is not possible with the 5-channel sdthe.
reason for this is reduced channel separation dduge
crosstalk (see section 3.3). Tineage Assistarghows
that the central area of playback is produced bseth
speaker pairs. This multiple reproduction resuntee-
duced image focus and decreased locatedriegsn so,
it does not necessarily result in worse charadiesigor
the recording, since crosstalk also occurs witleioth
recording techniques (see section 3.3).

A paradox arises between the two theories of Ipaali
tion: Ambisonics allows the use of any number of
speakers, yet focuses only on signal summatiohen t
“sweet spot”. On the other hand, a correlated $igna
more than two speakers for the creation of a ptmanto
source (see Theile [26]) has negative effectsdand
color and localization. If localization would bel@a
lated using Ambisonics theory, the signals of p#ak-
ers would have to be accounted for, not just as e
with thelmage AssistantAccording to the Ambisonics
theory, crosstalk is not a negative parameter.

Locatedness is defined as the "spatial distinatiosm source”
[2] or "the degree to which an auditory event carséid to be
clearly perceived in a particular location"
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Figure 11: Directional image between L/C/R speakers Figure 12: Directional Image between L/C/R speak-
using 4-channel DMS decoding (= 4-channel settind o ers using 5-channel DMS decoding, simulated using
the SCHOEPS Hardware Matrix, see section 1.1), "Image Assistarit[33].

simulated using "Image Assistarit[33]

particular the lateral reflections are importanttfre
spatial perception. However, for the perceptioerof
velopment the reverberation is responsible, i.e difr
fuse sound after 50-100 ms. Therefore the diffosmd
has to reproduced diffusely.

The coherence (or correlatfrin the diffuse sound Itis difficult to create a diffuse sound field Wi lim-
field between the channels of a stereophonic réegrd  jted number of loudspeaker channels. Hence, ité v
is often regarded as a parameter which influengasa ¢ the reverb is reproduced by largely incoheleu-
perception and sound color significantly (see [8], speaker signals. If this postulation is not fuifil] which
[18], [20].’ [26])' Diffuse-field corrglatmn IS c<_$nder_ed means if the reverb is reproduced with cohererddou
as a decisive parameter for the differences ingmtian speaker signals, the consequence will be a degpadat

between various types (.)f s_tereophomc _setups.x:or € of both sound color and spatial impression. Themev
ample, arrangements with increased microphone spac-

ing are known to have better spatial imaging cjesiit then will be localized and will sound unnaturalr+u

(see, for example, [36]); this is due in large partheir thermore, reverberation can be considered sinolar t
low éiffuse-field C(,Jrrelat’ion noise signal: correlated contributions on two |quessk-

ers can cause severe comb filtering while head move

Care has to be taken when analyzing the correlafien ments. . ) .
stereophonic signal. Naturally, both the directreband Henge, the parametgr dnffuse f|e|d correlationdstu
the early reflections should be reproduced cohbramt be given more c_on3|dera_t|0n with re_spect to M/_S re-
adjacent channels. This is because they are tocaé | cording since it is essential for the timbral apdt&l
ized as phantom sources within the loudspeaker. base differences between decoding methods.

3.2. Coherence / correlation

3.2.1. Correlation and its significance in M/S-
stereophony

Coherencef two channels is a measure of similarity of sig-
nals in the frequency range, regardless of pl@seelationis
a measure of the similarity of two signals in timeet domain

[5].

AES 14th Regional Convention, Tokyo, Japan, 2009 July 23—-25
Page 9 of 24



Wittek

M/S Techniques for Stereo and Surround

The parameters directional imaging and diffusedfiel
correlation are not independent in a coincident re-
cording, but are very closely related. Correlaiion
creases with larger recording angles. Furthernume,
relation and imaging properties are influencedHzy t
type of microphone used.

In Figure 13 the correlation coefficient of a cadent
microphone setup in the diffuse field is shown &sre-
tion of the microphones’ offset angl&he correlation
coefficient depends on the directional patterrheftivo
microphones. One can see that the diffuse-fieldetar
tion coefficient between two coincident cardioider
falls below 0.5. We demand a correlation coeffitien
zero, hence, this can only by achieved in a coamtid
setup with directional patterns that have an omeddi
tional component not larger than that of a supeioat
microphone (see also Griesinger [12]).

Figure 13 shows that the diffuse-field correlatitss
creases with larger offset angles. However, it rbest
noted that the recording angle decreases accoyding|
The table below shows the correlation and recording
angle of three arrangements with similar offsetiesg
but different directional patterns:

Offset Cardioids Super- Figure-8s
Angle = 90° cardioids | (Blumlein)
Correlation 0.75 0.49 0.00
coefficient

Recording 180° 130° 72°
angle, (Re- (142°) (104°) (58°)
cording angle

75% [32])

It is interesting to investigate the correlation e re-
sulting recording angle. It then becomes possiblast
sess, for a given recording angle, which arrangémen
has optimal decorrelation in the diffuse field. Fhan
be done by first calculating the recording angla as
function of the offset angle and directional pattérhe
results of this calculation can be seen in

Figure 9. The calculation was performed in thediol
ing way: the recording angle was defined as twhee t
smallest offset angle for which there was a levié¢id
ence of at least 16 dB between the two micropha@ie s
nals.

The offset angle of an arrangement is the andledsn the
two microphones.

With these values, the correlation coefficientdaroin-
cident arrangement of two microphones, with angadir
tional pattern, can be obtained as a function efréx
cording angle. Figure 14 shows that the diffusklfie
correlation coefficient of a coincident setup wétfixed
recording angle is quite strongly dependent omihie
crophones’ directional patterns. For a given reicgyd
situation this figure can help to choose the appatg
(=least correlated) microphone pair or (Double) M/S
decoding. There are of course restrictions on huéce
of directional patterns; not all values shown igufe 14
correspond to arrangements that are realistic efulis
practice, and differences in correlation are ofteni-
mal.

Whether existing differences have any audible éffec
cannot be judged with certainty at this point. Tatgon-
ale is that the differences in direct sound imagirey
too large and mask the diffuse field differences.

In summary, it can be said that the reduction efdH-
fuse-field correlation between the channels okeest-
phonic recording is vital for spatial perceptiorddim-
bre. However, it is difficult to control this parater
independently of the recording angle.

AES 14th Regional Convention, Tokyo, Japan, 2009 July 23—-25
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Figure 13: The correlation coefficient in the diffuse field vs. the offset angle between the microphes for sev-
eral different directional patterns. The omnidirectional portion “a” of the microphone pattern is alsogiven
according to the formula: Output level = a + (1-a) cos ff); with ff being the source angle.

Korrelationsgrad einer koinzidenten Mikrofonanordnung

1r
0.75F : J
0.5 -
© L J
S - I
S 0.25- ~ ]
7] ke of
S
=] 0 J
c [
2 r —Fig.Eight (a=0)
S _O'Zsj —Hypercardioid (a=0.25) E
-0 5: —Supercardioid (a=0.36) 4
—Cardioid (a=0.5)
-0.75] 1
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Aufnahmewinkel

Figure 14: Correlation coefficient of a coincidentarrangement of two microphones in the diffuse fieldss. the
recording angle of the arrangement, for different drectional patterns. (There is no meaningful recoréhg an-
gle for a coincident arrangement consisting only ofvide cardioid or omnidirectional microphones.)
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The first of these requirements is easily fulfiliéthe
3.2.2. Optimization of Double M/S systems with decoding results are analyzed. Meeting the second ¢
respect to diffuse-field correlation dition requires a choice of a directional pattefich is

- the best possible compromise between strong drecti
The Double M/S system corresponds to a coincident P P 9

. . i ) i ality and the potentially disturbing effects of theck
recordllng with 4 or 5 first-order mlcrophqnes: Max! lobe: the supercardioid. Hence an ideal setup would
mum signal separation, homogeneous d'reCt'onal"magconsist of four or five supercardioids set up atai-
ing and minimal diffuse-field correlation betwedmao-

Is | hieved under the followi ditions: mum angle to each other.
NEIS IS achieved under the following conditions: These requirements lead to the 4-channel or 5-@iann

the angle between the virtual microphones is decodings in Figure 15 and Figure 16. The resulting
maximum values of diffuse-field correlation of these optienil

o ) ) ) ~ Double M/S setups are given in the tables below.
the directivity of the virtual microphones is maxi-

mum

Figure 15: An optimized 4-channel decoding of the Figure 16: An optimized 5-channel decoding of the

Double M/S system Double M/S system
L-C | L-R | L-LS| LS- [LS-| L-RS L-C | L-R | L-LS| LS- | LS-C| L-RS
RS |C RS
Offset - | 108°| 72| 72°| -| 198> Offset 72° | 144°| 72°| 72°| 144f 144°
angle angle
Correlation Correlation
coefficient - 0.36| 0.51| 0.66/ -| 0.04 coefficient 0.66| 0.11| 0.66| 0.6 0.11 0.11

From the above tables one can see that lower diffus  sufficient spaciousness and enveloping, high degoée

field correlation is achieved with the 4-channelpe decorrelation are mandatory (e.g. Griesinger [B)],[
Areas of higher correlation are found only in than [11], [12]).

The 5-channel setup shows higher correlation due to With a two-channel M/S or X/Y recording, diffuse-
smaller offset angles of the virtual microphones. field correlation coefficients of zero are possiflbis

It can be supposed that a Double M/S setup witigla h  cannot be achieved with two cardioids since theires
correlation coefficient is best suited for recogdsitua-  lation coefficient never falls beneath 0.5. Paftlythis
tions where robust directional imaging is requirédr reason, M/S and X/Y recording has a worse reputatio
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Page 12 of 24



Wittek M/S Techniques for Stereo and Surround

than it deserves. X/Y recordings are often desdrie  added which also emits the coherent signal, unwlante
narrow, overly “centered” and unsuitable for thegn  and potentially audible comb filtering appears.

ing of rooms. But this is true only for X/Y recondjs This third signal is termed the crosstalk sigriaihé

with high correlation, and hence does not applypt- crosstalk signal is out-of-phase, it is less distgrthan
mized X/Y setups. Furthermore, X/Y were in the past an in-phase signal. Literature in this field is\yided by
often done with double-membrane microphones which Theile [26] who seeks to avoid multiple imaging dae

inherently have a loss of directionality at lowcdfoen- crosstalk by the use of suitable microphone arrange
cies. The low frequency decorrelation and thussffe = ments. Lee and Rumsey [15] investigated differeatt m
tial impression then is even poorer. tichannel microphone setups and found negativetsffe

on image width and source focus due to crosstalk.
In Figure 13 and Figure 14, the offset angle fordmal  Crosstalk also decreases the listening area, sive®
X/Y setup can be determined by reading off those x- small movements towards one speaker can resut in |
values which correspond to a correlation of 0. fidte calization problems caused by the precedence effect

lowing values were found: The effect on localization for listeners aside sheet
Figure-8 (a = 0): 90° spot can be approximated using thege Assistant
(Blumlein setup, recording angle 72°) [33]
Hypercardioid (a = 0.25): 110° When designing a microphone arrangement, it is impo
(recording angle 85°) tant to make the crosstalk level as low as possilde

o . optimize the Double M/S arrangement with respect to

Supercardioid (a = 0.36): 160 crosstalk, the same two requirements discussetkin t
(recording angle 64°) previous section can be applied. As before, thempn

arrangement consists of virtual supercardioids atim

With the Double M/S setup, these and other coimtide Mum offset angles to each other. o
: The optimized decoding variants shown in Figure 15

arrangements can be reproduced and thus optinmzed i ! : ) -
regard to correlation. and Figure 16 result in the crosstalk behavior shiow
Figure 17 and Figure 18.

In multichannel coincident recording, a diffuseldie ) o
correlation coefficient of zero cannot be achief@dall | N€ 4-channel decoding shown in Figure 17 has a
maximum crosstalk level of approximately -7.5 dB.

microphone pairs. With increasing numbers of chinne ' . -

the danger of correlated microphone pairs increases | NS 1evel is reached at two angles; through siamet
The practical consequences for recording are destri  OUS Playback of the speakers L, LS and RS as wélt,a
in section 4. It turns out that the generationaafrfchan- RS @nd LS. The crosstalk in the front area coneiss
nels is easily achieved by good decoding. A five- out-of-phase S|gnal and has a relatively low levake
channel mix is more complicated and only produces 5-chan_ne| decoding has_maX|mu_m crosstalk Ievels_ of
reasonable results if the engineer decodes withieat ~ @PProximately -5 dB. This value is reached in npli

eye and takes appropriate measures such as the incl POSitions in the sound field.

sion of delays, filters, level control etc. whegxassary. .
Attempting to generate more than 5 channels ipaost The comparison of the 4-channel and 5-channel decod

sible without strong interchannel crosstalk andeler ~ "9S Shows that better quality can be achievedyusin
tion, which is why proposals for (near-)coincident channel decod_mg rqther than 5-chann_e| decod_lng. Th
rangements for new formats such as 7.1 or even 10.2 €Xtent of practical disadvantages implied by thenk
must by regarded critically. The number of channels  etical disadvantage will be discussed in the foifg
generated from a microphone system is by no means aection.

measure of its quality.
q y Another important part of a good decoding of thaeibo

3.3. Crosstalk ble M/S system is the homogeneous level of the phan
tom sources. The dotted line shown in Figure 17 and
3.3.1. Theoretical analysis Figure 18 illustrates a uniform spread of energslin

directions. The crosstalk levels quoted are witipeet

Phantom sources are created by the reproductian of 4 ihis total energy.

coherent signal on two speakers. If a third speeker

AES 14th Regional Convention, Tokyo, Japan, 2009 July 23—-25
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Figure 17: Crosstalk levels of the optimized 4-
channel Double M/S decoding. (black areas are in-
phase, red areas are out-of-phase)

3.3.2. Practical Analysis

To investigate the impact of crosstalk on differast
pects of perception, an experiment was performee (s
[13] for details). The aim of this investigation svi@

find the perceptual threshold of a crosstalk sigvitt
respect to the following attributes of the phantom
source:

Width
Direction
Locatedness

Sound Color

Figure 18: Crosstalk levels of the optimized 5-
channel Double M/S decoding (black areas are in-
phase, red areas out-of-phase)

10 (big change). If the crosstalk stimulus was eieed
when it was not actually present, this was couated
negative result.

A total of 15 candidates took part in the experimen
The test involved different sound stimuli such as d
speech, speech recorded in a room, dry castamts an
castanets recorded in a room.

Some of the results of the experiment are showigin
ures 19-22 (the results for dry speech). The dragra
show how audible the changes of the different sampl
attributes were perceived to be by the candidates.
scale above was reduced by one to define zeroas “n
change perceived”. The perceived change is given vs
the change in crosstalk level of the third speaker.
The results showed that changes in direction axthwi

The phantom source was created between the center &f the phantom source were detected more readily th

right speakers, the level difference being 3.7 dBe
crosstalk signal was created by the left speak#r wi
levels ranging from -20 dB to -5 dB.

The participants, positioned in the “sweet spo€aifd a
series of test samples consisting of two grougsuf
arranged in A-B-A-B and A-C-A-C fashion. A was the
reference signal without any crosstalk, and so either
signal B or C. The remaining signal (B or C) contai
crosstalk. The addition of crosstalk to signal BCowas
randomized and unknown to the participants. This wa
done to ensure that any prejudices on the candidate
part could be overcome.

The candidates were to record their judgments on a
scale from 1 (no change in the respective parainteter

changes in locatedness or sound color. The thréshol
(relative to the sum level of the phantom sourde)Gs
approximately -12 dB for changes in direction, apd
proximately -9 dB for changes in width. Locatedness
decreases from -9 dB, and the sound color chamges f
-6 dB.

These results show clearly that crosstalk has negat
effects and should be avoided where possible. Gdns
cern can definitely be taken into account whenrdete
mining the optimal decoding of Double M/S signals.
But even with optimized decoding, the level of statk
may still exceed the audibility threshold for soat&ib-
utes, depending on the setup that is used.

AES 14th Regional Convention, Tokyo, Japan, 2009 July 23—-25
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Figure 19: from [13]: Perception of phantom source
width. Signal: dry speech. Arithmetic mean, includ-
ing 95% confidence interval.

Figure 21: from [13]: Perception of change in diree
tion. Signal: dry speech. Arithmetic mean, includirgy
95% confidence interval.

4., PRACTICAL INVESTIGATION BY MEANS
OF DIFFERENT TEST RECORDINGS

Despite the fact that “nothing is more practicalrtta
good theory” (Gerhard Steinke), even a good thbasy
its limits and cannot explain everything we pereeiv
For this reason, practical investigation must alsdan-
cluded in the discussion of Double M/S setups. The
aims of this practical investigation are:

To test different decoding methods

Figure 20: from [13]: Perception of change in
phantom source locatedness. Signal: dry speech.
Arithmetic mean, including 95% confidence inter-
val.

Figure 22: from [13]: Perception of sound color
change. Signal: dry speech. Arithmetic mean, in-
cluding 95% confidence interval.

The quality of a recording is not easily evaludgd
scientific means, partly due to differences betwiedi
vidual expectations and priorities of differentdisers.
For this reason, no general results will be postdla
here; the focus will rather be on describing exgrere
and the collected comments of others.

4.1. Different methods of Double M/S decod-

ing
The following variations of Double M/S recording-d

noted A—F, were investigated practically (see f1<d).
The discussion describes the subjectively perceived

To examine the advantages and disadvantages of pressions on the sound quality.
Double M/S recording techniques as established inrhe polar patterns and offset angles of the reggitir-

the previous sections

tual microphones together with the overall energy

(=loudness) level are shown. Furthermore, the exami
tion of each method includes the level matrix with
which the decoding was performed. Note that thellev
matrix includes the correction of the SCHOEPS MK 8
sensitivity, i.e. the Fig-8 level is 2.3 dB lowéan

To compare Double M/S with other referenced re- stated.

cording setups.

To examine of the usability of Double M/S in dif-
ferent situations such as music, “atmo,” theater, r
dio drama, documentation/film and television stu-
dios

AES 14th Regional Convention, Tokyo, Japan, 2009 July 23—-25
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A) Optimized 4-ch decoding: 4 supercardioids B) 4 supercardioids, broader imaging

The supercardioid directional pattern has estaéish ~ To decrease the recording angle of a stereo ramprdi
itself as a good compromise, since the directioyali either the microphone offset angle or the directiityn

the supercardioid along with its strong rear signgi- must be increased. This example differs only slyght
pression leads to low crosstalk levels. In thisodiec from the previous one, since any attempt to signifi
ing, the omission of the center channel allows for cantly decrease the L/R recording angle while main-
smaller offset angles. taining the LS/RS stereophonic imaging would result

Directional imaging is well-balanced and precisalin  in an uneven distribution of energy.

areas. The recording angle for the front L/R bissis With this setting, the L/R recording angle is 9@&
110°, and the suppression of direct sound inthe re  compared to 110° in variation A).

channels works well.

These decoding characteristics make the setupbtaiita

for music and radio drama recording. Whether the

variants with a center channel are preferred depend

upon individual taste in the author’s experience.

This decoding is realized in the MDMS U device (4-

channel), see section 1.1.
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C) “Conventional” M/S-decoding (4-channel)

These pattern result if the decoding was done kyith
k, = 0.5 (see section 2.1). The large back lobebef t
microphones result in prominent crosstalk and hence
strong acoustic irregularities for listeners outsilde
“sweet spot”. Furthermore, the energy distribui®n
not ideal. The listening results show that thidasatris
rated worse in terms of sound and spaciousness.

D) Optimized 5-ch decoding: 5 supercardioids

To obtain balanced localization and energy distribu
tion, the supercardioids for L, R are rotated ferth
apart than in the 4-channel version. A balancedjama
is obtained, with added stability due to the center
channel. The choice between this variant and varian
“A” is also a matter of personal preference.

The center level can be reduced to avoid crosstalk
the front area and to improve directional imaging.
Acoustically, the 5-channel variation is inferiorthe
4-channel one unless further measures are taken.
However, the center channel can play an important
part in the imaging of solo instruments or in radio
drama productions, as well as providing stability.
This decoding is realized in the MDMS U device (5-
channel); see section 1.1.

AES 14th Regional Convention, Tokyo, Japan, 2009 July 23—-25
Page 17 of 24



Wittek M/S Techniques for Stereo and Surround

E) “Conventional” MS-decoding (5-Channel) F) Delayed surround channels

These pattern result if the decoding was done kitk,  This setup is an improvement over setup D) since it
= 0.5 (see section 2.1) and the center channepveas  increases channel independence in the front area by
vided with the frontal cardioid only. In this dedod means of increased offset angles, and in the rear b
variation the channel overlap is very strong, which means of a delaypt = 10 ms).

disadvantage. The setup shows that bad decodihg wit This setup is ideal for many applications in whilh
out control produces bad results; displeasing d@ous center channel is needed. However, a front-

imaging and missing transparency to name but a few emphasized recording scenario is mandatory, as the
issues. Furthermore, the sound color changes witlls delay prevents stable rear-localization.

head movements.
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microphones within the stage house, and henc@agstr
4.2. Subjective experience with Double M/S presence of the stage acoustics. The Double MA8rays
recording put less emphasis on the room itself.

Experience shows that the Double M/S technique can
yield good results in a variety of recording sitoas.
These are our subjective experiences, which were al
compared with others’ and found to be quite similar
For example, an ambience recording with direct doun
incident from all directions (town square) was g
very well and showed similar quality to a simultang
recording with an IRT cross. The flexibility of timou-
ble M/S system proved especially useful when a tram
traveling at a skew angle to the setup, was recorde

For an “atmo” with the aim of more effective spage
ness (fireworks at a festival), on the other hahe IRT
cross proved to be the better solution. The IRBEro

setup achieves good 360° imaging as well as betier
velopment and spaciousness.

Some music recordings (piano concert, chamber ensem
bles and large orchestras) worked surprisingly wét

the Double M/S system, but a parallel recordinggisi

an OCT setup provided results that were even nfere e
fective and spacious. The decision between thesle-me
ods is left to the engineer. In our experience, [eu
M/S is more suitable for small spaces whereas ftarge
spaces require OCT or other setups. For music re-
cordings, the addition of a low-passed omnidirelo
microphone for the low frequencies is recommended.
The mix of the Double M/S signals with a large A/B
configuration of omnis results in the spacious sbilnat
is often desired. This option also provides dedatee
low-frequency signals.

An a capellachoir with the need for good imaging be-
tween speakers was recorded well using a Double M/
setup; variations both with and without a centearotel
signal were possible.

SFigure 23: Test recordings using the Double M/S and
reference setups: Top picture: Double M/S and OCT
surround system in a live theater performance. Bot-
tom picture: Double M/S and an IRT cross setup for

. . . L an ambience recording at Durlach town square.
A jazz ensemble with audience in a jazz club was re

corded using a Double M/S setup and individual oricr

phones for the instruments. The atmosphere and spa- A live TV show with audience also worked well using
ciousness of the Double M/S setup mixed well wit t ~ €ither the IRT cross or Double M/S setups.
individual microphone signals. A parallel ORTF re-  1he use of Double M/S for radio drama is favorahle
cording provided similar but less flexible resulthis 10 need for coincident recording in these produsjo

flexibility was important as different stereo widttvere a_m;l becalluse it pl’O\éideS mﬁre f!thibing znd mo;dh-m
desired for musical passages and applause. tichannel support. specia y with radio dramay e
often a need for downmix or even mono compatihility

The live theater recording worked better with Daubl which is easily achieved with Double M/S.

M/S than with OCT. The reason for this appearsateeh
been the specific room sound due to the locatichef
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The use of Double M/S in film sound recording isdo
established. Its use in documentary film has irshir
new ideas for the microphone selection (see [37B:
often useful to replace the front-facing cardioitm-
phone with a more directional one, as this is used
record the center dialogue discretely. For thisoeaa
supercardioid or even a shotgun microphone can be
used. This latter setup requires a special micropho
setup to ensure optimum coincidence (see Figure 24)
The Double M/S method works well with this setupe t
advantages of surround sound on the boom are agpare
especially in documentary filming where authenyicit
important, thus allowing a “subjective” sound pesp
tive to be used.

Figure 24: A Double M/S setup with a shotgun micropone.

Top: Implementation using the SCHOEPS "CMIT" Double M/S set (microphones: CMIT 5, CCM 4 and

CCM 8) [21].

Bottom: the setup in action ([37], photograph courgsy of André Zacher).
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. As discussed in previous chapters, the properfias o
4.3. Tools for Double M/S decoding Double M/S setup can be improved by a suitable dleco
As the application range for Double M/S setupseisyv  ing. These decodings involve the combination of all
broad, there are various decoding possibilitiesfohs three microphone signals to synthesize the L/R/ISS/R
the decoding, it makes no difference whether dtoise channels and the two cardioids for the center cdlann

during recording or after recording during post- This can be difficult to achieve by only using Iexea-
production. trices or mixers. It is simpler to use these spdois
The following three basic principles of decodindllwe  for optimum decoding:

discussed:

a) Two M/S matrices in a mixer or in editing software b) SCHOEPS MDMS U hardware matrix.
b) MDMS U Double M/S hardware matrix This analog, passive matrix directly produces ttoe 8
o ., channels L/R/(C)/LS/RS from the three Double M/S
¢) VST/RTAS Plug-in “Double M/S Tool signals (see Figure 26). It can be used duringrdécg
or in post-production, and offers the decodingampiA
and D as described in section 4.1. The matrix ézpsl

a) Two M/S matrices in a mixer or in editing soft-  the different sensitivities of the SCHOEPS capsules
ware

In principle, Double M/S recordings can be decoded
like M/S recordings simply by using two M/S matsce
instead of one (see Figure 25). Furthermore, thretfr
facing cardioid can be used as the center sigias. T
method produces good results in most cases, bsg the
results should be controlled by an engineer torensu
that unfavorable decodings are avoided. If a shrotgu
microphone is used for the M signal, this doubldrira
setup is recommended, since a mixing of the shotgun
and rear cardioid signals makes no sense.

Figure 26: SCHOEPS MDMS U hardware matrix
and signal flow.

Figure 25: Double M/S decoding using method a)
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c) Software VST/RTAS Plug-in ,Double M/S
Tool“, see Figure 27.

during their time spent at SCHOEPS for their dippom
thesis and work experience respectively. Many thank
also to Prof.Dr. Jorg Bitzer of the IHA at the Fach

This plug-in is used in a sequencer program, the so
called “host”. It is excellently suited for flexibland
intuitive decoding of the Double M/S signals. The o
eration of the plug-in is self-explanatory as &ldnges
are immediately shown on the polar pattern, and the
audio signals are modified in real-time to the ahke
parameters. Like the hardware, the plug-in hasthre
inputs (from the Double M/S setup) and five outputs [1]
(L/R/IC/LS/RS). It is adjusted to the capsule sévitis

and equalizes the CCM/MK 8. A number of presets of-
fer the optimal decoding variants. [2]
The plug-in is available at tf®CHOEPS website
(www.schoeps.de/dmsplugin.h{i22]) free of charge.

In addition, short Double M/S audio samples arelava (3]
able to try out the plug-in. The plug-in is avalkakor
Windows and Mac.

[4]
ACKNOWLEDGEMENTS

I would like to thank Christopher Haut and Daniel
Keinath for their excellent contribution to this ko

Figure 27: “Double M/S Tool” software plug-in [22]

hochschule Oldenburg and Rainer Lorenz of thetlristi
fur Musikwissenschaft/Musikinformatik at the HfM
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