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Introduction

In general, we say that a speaker, or a groupeslsp's, radiates with a cardioid pattern
when it radiates more energy forward than it doeskWard. Strictly speaking,

however, a cardioid pattern is heart shaped (heéheename) and is represented
mathematically by the equatipr= (1 + coss), wherec represents the horizontal angle.

Setting up subwoofers such that they radiate tlag i8 a relatively simple task. One
just needs to know what steps to follow as wellhasv to use one of several
measurement systems that provide a transfer funotmde.

There exist several cardioid subwoofer configurajdout the method to be followed,
as described here, is always the same. This adads not intend to assess the various
configurations, but only to show the basic procedwand ease the learning process. The
user should choose the most appropriate configuratdr the specific application
needs.

Throughout this article we’ll see measurements goeréd using SATLive. Phase
curves are shown on the bottom part of the imad@lewthe magnitude frequency
response will be at the top of the image.

What applications is a cardioid subwoofer configuréion appropriate for?

There are several situations where cardioid cordions can be useful. For instance,
when using conventional subwoofers withwall behind them, the back wave will
bounce back and cancellations will happen at thitfflet’'s not forget that subwoofers
radiate in all directions). In other words, theleefed wave from the back wall will

arrive at a different time with respect to the diravave, i.e., there will be a phase
difference between them that will create destractinterference. A cardioid

configuration will radiate very little pressure kBa@rd, hence minimising that effect.

When using a L-R subwoofer configuration, espegiail a small stage or at an indoor
venue, we can help the monitor mixing engineer ojdb by “cleaning” subwoofer
frequencies, which can mask instruments, off tagest With a cardioid configuration,
clarity will be gained on stage.

A common subwoofer configuration is to group ak thnits together in front of the
centre of the stage, forming a single line. Subwmofnay be fed a stereo signal or the
output from a mixer's aux group. This arrangemeat pros, but also a few cons: since
subwoofers radiate in all directions, there willdbpressure maximum on the stage,
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behind the subwoofers. This can end up being angofor some musicians (not for
all), as well as making the job of the stage mixamgineer more complicated, as we
have mentioned before. A solution would be to mideesubwoofers radiate as little as
possible towards the back by using a cardioid goméition.

When speaking of cardioid configurations, users afiten complain that they need to
add cabinets to the system “just” to produce “lssgind”. For instance, some
configurations require twice the number of cabiribtd would be normally used. While
it is true that a full 6dB is not gained when dapting the number of cabinets for a
cardioid configuration, not all the energy is usedcancel the back wave. Some
pressure will be gained at the front, as we’ll sesome of the examples.

In any case, we may not have enough subwoofer etsbiar a cardioid setup at a large,
open air, concert, but we probably do for a gig amall venue that uses a small amount
of equipment. It should not be too much of a hassslaing, say, six subwoofers instead
of the four initially planned for. The musicianslMie happy and our monitor engineers
will be able to work more comfortably.

Some cardioid configurations

Figure 1 shows some cardioid configurations. Depandn the available space, stage
height, our experience with each of the setups,yetc may choose one over another.

Fig. 1. Four different cardioid configurations.

Departamento de Ingenieria 2



Technical @

Report

Basic knowledge

For better understanding of the rest of the artielés go over the following concepts:

Speed of sound in air.

It is represented by the letter “c” and is tempa@idependent. It is 344.2 m/s at 22°C
(71.6°F). Incidentally, the speed of sound is taes at all frequencies.

Wavelength.

Represented by the greek lettgt (lambda). It can be calculated from equation

L =c/f, where cis the speed of sound and rfeigifency.

If the speed of sound is in metres per second [arid] frequency is in hertz [Hz], the
result will be in metres.

Period.

Represented by the letter T, it is the time onelecyakes to complete at a given
frequency. It is given by

T=1/f1, where fis frequency.

If frequency is in hertz [Hz], as would most comryobe, the result will be in seconds
[s]. For milliseconds [ms], the result needs tarhétiplied by 1000.

Octave.

There is an octave interval between two frequenaiesn one of them is twice the

value of the other. For instance, between a frequeh 100Hz and 200Hz there is an
interval of one octave, just like between 1500Hd a800Hz.
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Example 1. “Scaled down measurements: one cabinet front and one cabinet
behind”

Before trying to do these adjustments for the firae in a real-life situation, where one
may not always have enough time and where congitwe far from ideal, scaled down
measurements can be handy to get some practicehgiftrocedure.

We’ll assume that you already know how to take gfanfunction measurements with
the measurement system you are using, and thagtiipment used is adequate.

As is the case with transfer function analysis, tieéerence signal needs to be
synchronised to the measured subwoofer signal efoneaningful frequency response
can be obtained. The coherence curve will normadlygood enough unless there are
strong reflections, excessive reverberation, widdiffering levels for reference and
measurement channels, hardware or software issuésve forgot to synchronise the
reference to the measurement signal.

Let’'s now run some scaled down measurements osdBwoofers.
Subwoofer cut-off frequencies are:

HPF LR24dB/Oct, 30Hz
LPF LR24dB/Oct, 85Hz

We'll use two 4” speakers to get some practice hin phase adjustment procedure.
For our 4” to behave acoustically like our reall| ficale systems, we will need to scale
the crossover frequencies up.

To do that we’ll multiply the real system cut-ofefuencies by the ratio of the real
system to our scaled down box, i.e., we will mijtithe cut-off frequencies by 187/4”
=45

Therefore the cut-off frequencies for the scalesvrdaoneasurements, which will be
entered in the processor for the 4” system, wilabdollows:

Cut-off frequencies for the scaled down subwoofstem are:

HPF LR24dB/Oct, 30Hz x 4.5 = 135Hz
LPF LR24dB/Oct, 85Hz x 4.5 = 382Hz

In this example we’ll use two subwoofers, one onfrof the other.
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Cabinet spacing

Cabinet spacing is not random, but depends onqadrecy we'll refer to as “reference
frequency” throughout this article. The distancewaen cabinets will be 1/4th the
wavelength of the “reference frequency”. To chottse reference frequency correctly
we need to consider and understand what goes ¢nphase both in front as well as
behind this cardioid configuration once everythinag been adjusted.

Back:

As we’ll see below, we’ll end up with a phase diffiece of 180° between the front and
the back cabinet throughout the full pass band. difference in level between the
cardioid and conventional configurations will besiaperceived by ear.

Front:
There are three distinct zones within the subwofrézEuency band:

a) At the frequency that we chose as our referaheephase value of each of the two
subwoofers is the same, since the traces crossotfaeh That is, they will be in phase.

b) One octave above the frequency that we choserraeference there is cancellation.
That is, above the reference frequency the diffszen phase gradually increases and
reaches 180° one octave above the reference freguehnere would be cancellation if
that frequency were within the subwoofer passband.

c) Below the reference frequency there is alsofferénce in phase between the back
and the front subwoofers. However, the differencghase increases at a slower rate
when frequency decreases compared to when frequrecr@ases. This is due to the fact
that the spacing between the two subwoofers, aadi¢hay being introduced, are less
significant for low frequencies (long periods andwelengths) than they are for high

frequencies (short periods and wavelengths).

Now that we know that the choice iference frequency is of importance, we need to
figure out how to go about picking the frequencatttvill have the least effect on the
amplitude frequency response at the front of oatesy.

Since we know that there will be cancellation onw@wee above the reference frequency,
it is clear that we need to choose a frequency ehgsper octave lies beyond our
subwoofers’ passband. Our first option would bectwose the upper crossover
frequency for the subs.

It has been noted above that the spacing betweetwih subwoofers needs to be 1/4th
of the wavelength of the reference frequency. hhibe the case that, when choosing
the upper crossover frequency as the referencaidrey, a fourth of its wavelength

happens to be just a bit larger that the depth@sub (which would mean that the back
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cabinet radiates too close to the front one, addxtga acoustical loading to the back
sub) or it could even be shorter (in which caswould be physically impossible to
place the subwoofers). In any of those instancesl| Wwe forced to choose a lower
reference frequency.

Set-up for scaled down measurements

For the scaled down measurement in this example BAS 4 loudspeakers cabinets
have been used to simulate the subwoofers. Thengphas been chosen to correspond
to 1/4th of the wavelength of the subwoofer uppessover frequency.

Again, subwoofer cut-off frequencies are:

HPF LR24dB/Oct, 30Hz x 4.5 = 135Hz
LPF LR24dB/Oct, 85Hz x 4.5 = 382Hz

And the wavelength for the upper crossover frequésic
A =cl/f =344/382 = 0,9m

1/4th of the wavelength ig4 = 0,9/4 = 0.22m = 22cm
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Figure 2 shows cabinet placement for this exampkbinet front baffles are spaced
22cm, and, in this case, the distance from the bzaikinet to the measurement
microphone was 90cm.

Fig. 2. Microphone placement and cabinet spacingHhis example.

Once we have worked out what the cabinet spaciregisn¢o be for this specific
configuration, we can start with the procedure,clihis shared by the rest of cardioid
configurations shown in this article.

Procedure
The procedure is as follows:

1) Place the microphone behind the enclosureshatspot where you want the
cancellation to take place.

2) Start with just the front subwoofer band. We'le the “Delay Finder” utility to add

the required delay on SATLive to the channel cagyihe reference signal. (See the
user’s manual for SATlive or your analysis softwBmemore information).
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3) Measure the magnitude frequency response forfrtreg enclosure before doing
phase adjustments. This way we’ll be able to comphe initial situation with the
cardioid configuration. The measurement can be sedrfigure 3. The subwoofer’s
phase trace will always be shaped like an upper ddstter, or a smile.
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Fig. 3. Magnitude and phase frequency responsetterfront subwoofer at the position where the
cancellation is required.

4) Mute the front subwoofer band and unmute thé lsabwoofer band.

5) Do not use the “Delay Finder” again!!! (i.e., dot synchronise the reference signal
to the measured signal again). Remember that wecamngparing phase on both

subwoofers, i.e. we are measuring the differendemia arrival between the two signals
as a function of frequency. Therefore the synctsation delay for the reference signal
should not be changed on the measurement softwane. a
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6) Measure the back subwoofer band and comparnehse and amplitude curves with
those of the front subwoofer. The result can be se&igure 4.

I SATlive Version 1.32 (c) T.Neumann 2008
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Fig. 4. Comparison of front (red) and back (bluebwoofers. As expected, differences in phase anedl le
can be noted.
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7) If necessary, adjust the gain of the back sulievoso as to match the level of the
front subwoofer at the measurement position. Ifdeee you could always apply
filtering (HPF, LPF or EQ) to match the levels e twhole of the subwoofer passband.
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Fig. 5. For an optimum cancellation we need a phdifierence of 180° between the two subwoofers as
well as having equal amplitude. In this step theele of the subwoofers have been matched by reglucin
the gain on the back enclosure (blue) by 2.5dB.
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8) Add delay to the back subwoofer until its phaseeoverlaps with that of the front
subwoofer. Do not forget to save the curves.

I SATlive Version 1.32 (c) T.Neumann 2008
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Fig. 6. When adding delay to the blue curve, itagghtrace moves down until it overlaps with the red
one. Delay added to the back subwoofer in this @kamas 0.658ms.
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9) Invert polarity on the back subwoofer. The phtasee can be seen to shift 180°.

i+ SATlive Version 1.32 (c) T.Neumann 2008
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Fig. 7. When inverting polarity on the back subvespthe phase trace is the same as for the froet on
but shifted 180°.
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10) Unmute both the back and front subwoofers. Meathe amplitude response of the
adjusted system and compare to the initial measemefor the front subwoofer. If the
phases have been correctly adjusted we shall sgaificant reduction in level.
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Fig. 8. This image compares the pressure curveefront subwoofer at the measurement position) (red
to the cardioid configuration (green). In this casedifference of up to 12dB can be seen.

We recommend that you now listen to the result dkimg from the front to the back,
around the system. The difference should be rerbégka

You can also listen to the difference with pinksedby asking someone to mute the
output of the back subwoofer.
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11) Adjust the processor limiters so that both sudiers limit at the same time.

In step 7 we reduced the gain on the back subwaafigrut so that the output from both
subwoofers were the same at the back of the arrapge (Keep in mind that, for
optimum cancellation, phase difference needs to1868° and levels need to be
matched).

If we did not adjust the limiters this way, thernt@subwoofer would limit before the
back one, so, for a moment, pressure levels wontid@ the same and there would be
an annoying intermittent lack of cancellation.

This adjustment can be done with a music signaling the limiter threshold at the
processor outputs so the limiting for the two sigriakes place at the same time.
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Sound pressure level in front of the cardioid configuration

Not all the back subwoofer energy is used for chatoen. At the front of the cardioid
configuration, pressure is gained, compared torevexational configuration (without a
back subwoofer, that is).

Figure 9 shows the sound pressure difference betveesingle subwoofer and the
cardioid configuration.
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Fig. 9. Red traces correspond to the magnitude @irase responses for the front subwoofer alone ewhil
the green ones are for the cardioid configuratibmthis specific example, we have gained approéigat
3dB between 170Hz and 500Hz, while levels belowi1 Hawve stayed the same.

As stated above, at twice what we call refereneguency there is a cancellation. On
this example the reference frequency is 382Hz, lwheans that cancellation will
happen at 764Hz. This is why there is an increasthe slope of the curve above
500Hz.
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At the “Cabinet spacing’section we spoke of the phase differences at wieatail
reference frequency, as well as at frequencieseabod below it. Figure 10 shows these
phase differences. The red trace represents tm $tdowoofer while the blue trace
corresponds to the back one.
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F|g 10. Magnltude and phase responses for thet fir@d) and back (blue) subwoofers.

Above the reference frequency, where the curvessceach other, phase difference
increases rapidly (taking into account that a lilaric scale is used for frequency)

until twice the reference frequency is reached@tellation happens as a result of the
180° phase difference. In this example it can lem $kat the blue phase curve is 0° at
764Hz while the red curve is 1809, i.e. a 180° pldiffierence. The black arrows mark

both spots.

Below the reference frequency, phase differencaéas as large as for the upper
frequencies.
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¢How does this configuration work?

As mentioned above, our goal is to achieve carnaatiat the back. Therefore we first
need to match the phase for the two subwoofereeaback and then we’ll invert the
polarity on the back subwoofer.

Fig. 11.Cabinet spacing is equal to a quarter waweglth of the reference frequency.

The wave coming out of the front subwoofer in Fegtid reaches the front baffle of the
back subwoofer with a delay that is a function loé distance between them. This
distance is a quarter wavelength at the referemcpiéncy, i.€iref / 4.

¢How long does it take for the wave of the fronbwgoofer to reach the back
subwoofer?

We know that:
c =e/t, where

c, is the speed of sound (344 m/s)

e, is distance
t, is time.

From there,t=e/c
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Let's call & the time it takes for the wave of the front subfeodo reach the front
baffle of the back subwoofer. We now solve for tédculate i,

tb=e/c=%wet/4) /344

If we now use a signal processor to add this dafag to the back subwoofer, both
subwoofers will be in phase at the back. One csaldthat we are applying electronic
delay to the back subwoofer so that it “waits” the arrival of the wave of the front
subwoofer, which gets there late due to the digtdretween both subwoofers. Inverting
the polarity on the back subwoofer will produce adlation.

Anechoic chamber measurements

Polar plots and isobar maps illustrate the effectess of this cardioid configuration.

DAS. Audio, S.A Directivity 13-10-2009 17 46 .39

CLIO
160Hz
200Hz
250Hz
315Hz

1807
Ref 0 1/3 Octave

File:

Fig. 12. Polar plots of the cardioid configurati@s measured in the anechoic chamber.

It can clearly be seen that a cardioid, heart ghapattern is radiated, as desired. The
pattern changes slightly with frequency. 160 Hzhis lowest frequency shown, as it
corresponds to the anechoic chamber’s frequendy. IKeep in mind that you should
divide the frequencies shown by 4.5 to calculageahuivalent frequencies for an 18”
subwoofer, so that 160 Hz in our scaled down egenraiould correspond to 35.5 Hz.
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Fig. 13. Isobar map for the cardioid configuration.

Isobar maps represent a system’s coverage in de@vedical axis) as a function of

frequency (horizontal axis). The colour scale oe tight-hand side shows that white
colour (or the limit with blue) corresponds to -6dBh respect to the centre. It can be
seen that we have roughly -6dB at +90° and -9@utirout the band, i.e. a coverage of
180°.
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Example 2. “Scaled down measurements: three subwast on a straight line, two
facing forward and one backward.”

In this case there is no need to define the spdmthgeen cabinets since they all share a
single straight line, which also means that thisragement is easier than example 1.
The procedure will be the same, without the hasélraving to choose the distance
between cabinets and the reference frequency.

Figure 14 shows the positioning of the subwoofand #he microphone. The two
cabinets on the sides, pointing forward, sharesémee signal.

Fig. 14. Positioning of the microphone and cabirfetsthis example.

The procedure is as follows:

1) Place the microphone behind the enclosureshatspot where we want the
cancellation to take place.

2) Start with just the band that drives the forwéading subwoofers. We’'ll use the
“Delay Finder” utility to add the required delay 8ATLive to the channel carrying the
reference signal. (See the user's manual for S&Tdivyour analysis software for more
information).
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3) Measure the magnitude frequency response foertbsures facing forward before
doing phase adjustments. This way we’ll be ableotmpare the initial situation with the
cardioid configuration. The measurement can be sedfigure 15. The subwoofers’
phase trace will always be shaped like an upper ddstter, or a smile.
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Fig. 15. Magnitude and phase curves for the subersofacing forward at the position where the
cancellation is required.

4) Mute the forward facing subwoofers and unmugeltackward facing subwoofer.

5) Do not use the “Delay Finder” again!!! (i.e., dot synchronise the reference signal
to the measured signal again). Remember that wecamgparing phase on the

subwoofers, i.e. we are measuring the differendema arrival between the two signals
as a function of frequency. Therefore the synctsaion delay for the reference signal
should not be changed on the measurement softwane.a
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6) Measure the backward facing subwoofer and coenplae phase and amplitude
curves with those of the forward facing subwooféise result can be seen in Figure 16.
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Fig. 16. Comparison of forward facing (red) and kesard facing (blue) subwoofers. As expected
differences in phase and level can be noted.

Departamento de Ingenieria 22



Technical @

Report

7) If necessary, adjust the gain of the backwaoihtasubwoofer so as to match the
level of the forward facing subwoofers at the measwent position. If needed, you
could always apply filtering (HPF, LPF or EQ) to tatathe levels in the whole of the
subwoofer passband.

In this case we’ve had to increase the gain ofathekward facing subwoofer by 4dB as
well as applying low-pass filtering at 270Hz to otatevels throughout the passband.
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Fig. 17. For an optimum cancellation we need a ghdiéference of 180° between the two subwoofers as
well as having equal amplitude. In this step theele have been matched by increasing the gaineof th
backward facing subwoofer by 4dB as well as applyanwv-pass filtering at 270Hz (blue trace).
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8) Add delay to the subwoofer facing backward uitgilphase traceverlaps with that
of the subwoofers facing forwards. Do not forgesawe the curves.
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Fig. 18. When adding delay to the blue curve, fiage trace moves down until it overlaps with the re
one. Delay added to the backward facing subwoaoféhis example was 0.681ms.
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9) Invert polarity on the subwoofer facing backwafthe phase trace can be seen to
shift 180°.

I SATlive Version 1.32 (c) T.Neumann 2008

| 11:15 HS'”||E5”H§§3XHI‘- rouss spanee H1 RTINS 1 IEI Hw - :‘ 23
Transfer Function ST GB(A)
Result Phase Offset:-90° -
961Hz Smeothing. 1/32 Octave | o 5 i)
18dB e s 0 ) Amplilpde| " = 2=
AT A SE=
15dB h “ 075 =z
A ==
I” ===
i 050

12dB Hfl{ £ H \ i Il
i W

canl /[ | / A TR, A ] L
o’ AT hA W‘W N L P AN P
g1 / N ) WAEETIIN S

o /4 %

||
: H

o

9dB )‘w\ ursar——]
-12dB 245em
’ 4 1.041ms
-15dB ’ -
-18dB — -
50 70 100 200 300 400 500 700 1k 2k 3k 4k 5k 7k 10k 20k
2 L Phase

. A\ dmrHE
alr

~
90° N

P R [ Reset
AN A A 1
WAERE oY il S
b a ! -
<0 50 70 100 200 300 400 500 700 1k 3k 4k 5k 7k 10k 20k o 1=l
[ SE#pomeusas] o=k =-]z- RangeYl—j“WFhW”‘ﬁ‘

Fig. 19.When the polarity for the backward facingp gets inverted, its phase curve is the sameaoth
the forward facing subs, but shifted 180°.
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10) Unmute all subwoofers. Measure the amplitudpaase of the adjusted system and
compare to the initial measurement for the forwkacing subwoofers. If the phases
have been correctly adjusted we shall see a stgnifireduction in level.
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Fig. 20. This image compares the pressure curvi@fforward facing subwoofers at the measurement
position (red trace) to the cardioid configuratiggreen). In this case, a difference of up to 9dB ba
seen.

We recommend that you now listen to the result d&kimg from the front to the back,
around the system. The difference should be rerbégka

We can also listen to the difference with pink eddy asking someone to mute the
output of the backward facing subwoofer.
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11) Adjust the processor limiters so that both sudiers limit at the same time.

In step 7 we increased the gain on the backwarth@asubwoofer in order to match the
levels at the back of the arrangement (Keep in ntivad, for optimum cancellation,
phase difference needs to be 180° and levels odael matched).

If we did not adjust the limiters this way, the baard facing subwoofer would limit
before the frontwardacing ones, so, for a moment, pressure levelsdvoat be the
same and there would be an annoying intermitteck & cancellation.

This adjustment can be done with a music signaling the limiter threshold at the
processor outputs so that limiting for the two silgitakes place at the same time.
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Sound pressure level in front of the cardioid configuration

Not all the back subwoofer energy is used for chatoen. At the front of the cardioid
configuration pressure is gained, compared to aemtional configuration (without a
backward facing subwoofer, that is).

Figure 21 shows the sound pressure difference leetwiee subwoofers facing the
audience and the cardioid configuration.

I SATlive Version 1.32 (c) T.Neumann 2008

[ 1121 87072 XM~ | e IR N N N E YT 93
Transfer Function e B JB(A)
I Result Phase Offset: -90°
961Hz Smoothing: 1/32 Octave % 3%
R r/”‘ NV T T e P AL I Ampitide| " ==
e - e
15dB - — | fir 075 %5%
- N oAy L =
9dB i / "\\ N ! | 050 ..
o I : 1 |
L A N Y PRI
Offset
oae 1 V] l/ TR NNV T W WD ASIVARAYAY 7
o J .
-9dB / N e
-12dB / 15 10¢tms
-15d8B ‘ -
-18dB T ".l -
50 70 100 200 300 400 500 700 1k 2k 3k 4k Bk 7k 10k 20k
270° ;
\.‘ Phase
225° A |
180° \ \4 ,/ I J‘I Y
135° \ \\\ AT f .
EERIERY SRiriiTy
0° \ £ LI , ® o
- S HIN KT}
\ ﬂ | |
o0 50 70 100 200 300 400 500 700 1k 2k 3k 4k 5k 7k 10k : 20k o 1=l
[ SEf#onsusasy =f&||@lrmg.y] T - Ragey 1w b b

Fig. 21. Red traces correspond to the magnitude pinase responses for the subwoofers facin‘g the
audience, while the green ones are for the cardooidfiguration.

In this specific example, we have gained approx@tyaBdB between 135Hz and
250Hz. Above 250Hz the difference gets gradualuced up to 360Hz, where levels
become equal. Below 135Hz the difference decregiseiially until the levels become
the same at 115Hz.
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¢How does this configuration work?

Basically, it follows the same principles as thepous configuration, but in this case
diffraction plays a more important role. Subwoofanclosure dimensions and the
configuration itself have a decisive effect on @gation times for the backward wave
and therefore on the delay to be added. It is athlesto perform actual measurements,
as described here, instead of relying on calculatiavhich may differ due to diffraction
effects and the speed of sound.

Anechoic chamber measurements

Polar plots and isobar maps illustrate the effectess of this cardioid configuration.

DAS. Audio, SA Directivity 13-10-2009 17.38.27
6

CLIO
160Hz

1807
Ref 0 1/3 Octave

File:

Fig. 22. Polar plots of the cardioid configurati@s measured in the anechoic chamber.

It can be clearly seen how a cardioid, heart shapaitiern is radiated, as desired. The
pattern changes slightly with frequency. 160 Hzhis lowest frequency shown, as it
corresponds to the anechoic chamber’s frequenay. IKeep in mind that you should
divide the frequencies shown by 4.5 to calculagedhuivalent frequencies for an 18”
subwoofer, so that 160 Hz in our scaled down egenraiould correspond to 35.5 Hz.
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DA S, Audio, S.A. Directivity 13.10-2009 17 54.49
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Fig. 23. Isobar map for the cardioid configuration.

Isobar maps represent a system’s coverage in de@veedical axis) as a function of

frequency (horizontal axis). The colour scale oa tight-hand side shows that white
colour (or the limit with blue) corresponds to -6dBh respect to the centre. It can be
seen that we have roughly -6dB at +90° and -9@utirout the band, i.e. a coverage of
180°.
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Example 3. “Measurements on a real system: two fawoj forward and one
backward”

In this example our cardioid configuration useseéhrstacked DAS LX218A
subwoofers. The top and bottom ones are facingaaiwvhile thecentre one is firing
backward.

The DAS LX218A subwoofer is a self-powered systecorporating signal processing
(crossover and equalization), but we will use atem@ral processor in order to set up the
cardioid configuration.

Figure 24 shows the positioning of the subwooferd the microphone. The top and
bottom cabinets, pointing forwards, share the ssigreal.

Fig. 24.Positioning of the microphone and cabinets for gxample.

The procedure is as follows:

1) Place the microphone behind the enclosureshatspot where we want the
cancellation to take place.

2) Start with just the band that drives the forwéading subwoofers. We’'ll use the
“Delay Finder” utility to add the required delay 8ATLive to the channel carrying the
reference signal. (See the user's manual for S&Tdivyour analysis software for more
information).
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3) Measure the magnitude frequency response foertbsures facing forward before
doing phase adjustments. This way we’ll be ableotmpare the initial situation with the
cardioid configuration. The measurement can be sedfigure 25. The subwoofers’
phase trace will always be shaped like an upper ddstter, or a smile.
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Fig. 25. Magnitude and phase curves for the subergofacing forward at the position where the
cancellation is required.

This is a real life measurement inside a hall, be phase response curve shows
irregularities due to loss of coherence at certéiiequencies. We should be able to
recognise the upper case U letter shape, or smaiten if deformed due to coherence
loss.

4) Mute the forward facing subwoofers and unmugeltackward facing subwoofer.

5) Do not use the “Delay Finder” again!!! (i.e., dot synchronise the reference signal
to the measured signal again). Remember that wecamgparing phase on the

subwoofers, i.e. we are measuring the differendema arrival between the two signals
as a function of frequency. Therefore the synctsation delay for the reference signal
should not be changed on the measurement softwane. a
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6) Measure the backward facing subwoofer and coenplae phase and amplitude
curves with those of the forward facing subwooféise result can be seen in Figure 26.
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Fig. 26. Comparison of forward facing (red tracejdabackward facing (blue) subwoofers. There aren’t
significant differences in level, but phase differes are evident, as expected.

7) If necessary, adjust the gain of the backwaoihéasubwoofer so as to match the
level of the forward facing subwoofers at the measient microphone. If needed, you
could always apply filtering (HPF, LPF or EQ) to tatathe levels in the whole of the
subwoofer passband.

In this case neither gain nor filtering are need&®bth magnitude curves are level
matched as seen on figure 26.

Departamento de Ingenieria 33



Technical @

Report

8) Add delay to the subwoofer facing backward uitgilphase traceverlaps with that
of the subwoofers facing forwards. Do not forgesawe the curves.
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Fig. 27. When adding delay to the blue curve, fiage trace moves down until it overlaps with the re
one. Delay added to the backward facing subwoaoféhis example was 3.562ms.
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9) Invert polarity on the subwoofer facing backwafthe phase trace can be seen to
shift 180°.

72T SATlive Version 1.32 (c) T.Neumann 2008
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Fig. 28. When the polarity for the backward facsub gets inverted, its phase curve is the sambads t
of the forward facing subs, but shifted 180°.
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10) Unmute all subwoofers. Measure the amplitudparse of the adjusted system and
compare to the initial measurement for the forwkacing subwoofers. If the phases
have been correctly adjusted we shall see a stgnifireduction in level.
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Fig. 29. This image compares the pressure curvi@fforward facing subwoofers at the measurement

microphone (red trace) to the cardioid configuratiggreen). In this case, there is a band where a

difference of up to 6dB can be seen and anothed béth differences up to 9 dB .

We recommend that you now listen to the result d&kimg from the front to the back,
around the system. The difference should be rerbégka

We can also listen to the difference between theli@d configuration and the

conventional one with pink noise by asking someomaute the output of the backward
facing subwoofer.
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11) If the gain for the backward facing cabinet bagn changed, adjustments to the
processor limiters will be required so that bothwgaofers limit at the same time.
In this example, the gain did not need to be medlifso no adjustment on the limiters is
necessary.
Sound pressure level in front of the cardioid configuration
Not all the back subwoofer energy is used for chatten. At the front of the cardioid
configuration, pressure is gained, compared torav@ational configuration (without a

backward facing subwoofer, that is).

Figure 30 shows the sound pressure difference leetviee subwoofers facing the
audience and the cardioid configuration.
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Fig. 30. Red traces correspond to the magnitude plnaise responses for the subwoofers facing the
audience, while the green ones are for the cardioidfiguration.
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In this specific example, we have gained approxehya®dB between 40Hz and 75Hz.
Above 75Hz there is practically no difference aetbly 35Hz levels are also the same.

Before adjusting a real system for the first tiniie,makes sense to practice this
procedure as often as possible and with whatevebowtion of gear we happen to lay
our hands on, until we have mastered the technidemg scaled down systems will
allow us to become familiar with the proceduresilune are confident to try larger
systems.

And, above all, don't be scared of trying things @irst with scaled down systems and
at home, your warehouse, workshop) elicthere is something that you have not quite
grasped, practice will clarify it.

Joan La Roda.
DAS Audio, Engineering Department.
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