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Abstract: Mixing consoles, which are usually of large dimensions, are essential equipment in a
mixing room of a production studio. This large obstacle always has to be placed nearby the listening
position in a mixing room. A significant dip at around 100 Hz is often observed on the monitoring
response, the transfer function from the loudspeaker to the listening position, in a small/medium sized
mixing room. This paper studies the relationship between the dip at around 100 Hz and the effect of the
presence of the mixing console. The generating mechanism of the dip is investigated by numerical
simulations and experimental measurements. The results show that the reflection sound from the floor
and the behavior of the mixing console as a cross over filter are important when considering the dip.

Examples of trials for improvement of the dip are also examined.
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1. INTRODUCTION

In the acoustic design of a mixing room, it is important
that the monitoring response, namely the transfer function
from the loudspeaker to the listening position, has flat
amplitude characteristics on the frequency domain. In
reality, the frequency response need not be entirely flat,
however strong dips and peaks should be avoided. How-
ever, significant dips at around 100 Hz are often observed
in mixing rooms [1,2]. Figure | shows the examples of the
monitoring responses in four different types of the mixing
rooms [2].

We find the strong dips at around 100Hz in the
responses shown in Fig. 1, and same kind of the dip is also
shown in another reports e.g., [3]. This kind of dip often
has harmful effects on the mixing work, and is usually
explained as being the results of the following physical
phenomena.

(1) Isolated room modes and their interferences.
(2) Interference between the direct sound and a strong
early reflection sound.

These ideas have been incorporated as one of the basic
techniques for the acoustic design of a mixing room e.g.,
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[4]. However, from experience, the author postulates that
the dips cannot be explained by such conventional theories.
Focusing on the monitoring (listening) environment in a
mixing room, the mixing console always has to be placed
nearby the listening position (Fig. 2). The dimensions of
the mixing console are too large for it to be regarded as the
acoustically transparent for a 100Hz sound wave. In this
study, the author focuses on this point, and examines the
relationship between the dip at around 100Hz and the
effect of the presence of the mixing console. The final goal
is to clarify the generating mechanism of the dip and to
remove the dip from the monitoring response.

2. ANALYSIS MODEL

2.1. Examined Field

The field examined is assumed to be a two-dimensional
(y-z) sound field based on the vertical section of a
monitoring environment in a mixing room. Figure 3 shows
the modeled sound field both for numerical analyses and
scaled model measurements. Because of the two-dimen-
sional model, cross section and surface conditions are
uniform along the x-axis. Therefore, mapped to the three-
dimensional environment, the source is regarded as an
infinite coherent line source along the x-axis.

In this field, room boundaries are omitted excluding the
floor, because walls and ceilings of a mixing room are
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Loudspeaker responses (Lch) : Examples of the four mixing rooms’
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Fig. 1 Examples of the monitoring responses in the four

mixing rooms.
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Fig.2 A typical monitoring environment in a mixing
room. Loudspeakers (sources). the mixing console and
the listening position (L.P.. receiver).
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Fig.3 The examined field. Two-dimensional sound
field based on the vertical section of a monitoring
environment in a4 mixing room.

usually finished with materials that absorb enough sound
[5]. A field without room boundaries is also good for
understanding the basic behavior of a mixing console.
The listening position (L.P.. the receiver) is located at
the edge of the mixing console. (y.2) = (0.1.2). where is
usually defined as the reference position in a mixing room.
The monitoring distance. namely the distance from the
receiver (listening position) to the source (loudspeaker). is
usually around 3 m in a small/medium sized mixing room
[6.7]. In respect to the height of the source. the loudspeaker
is usually placed at higher position than the listening

(metér bridge)
Mixing
console

Fig. 4 Side view of the mixing room: Loudspeaker.
Mixing console (meter bridge), Listening position.
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Fig. 5 Three types of a mixing console are examined.
position to avoid shadowing the direct sound by the meter
bridge of a mixing console whose top height is around
1.1 m from the floor. (Fig. 4). As the result, in most mixing
rooms. the loudspeaker is placed at the height where the
elevation angle is around 10 degrees from the listening
position [7]. Therefore, in the examined field, the source is
located at the position where the distance from the L.P. is 3
meter and the elevation angle is 10 degrees. Other two
distances. 1.5 meter and 6 meter. are also assumed to
examine the effect of the source positions (Fig. 3).

In terms of the usability of the mixing works. follows
are common dimensions of the sectional shape of the
mixing consoles.

e The height of the top surface is approximately (.7 m
from the floor.

e The depth is shorter than
approximately 1 m.

On the other hand. follows are unique dimensions for
various types of the mixing consoles.

[.5m. and is usually

e The shape of the top surface. e.g.. straight. angled and
more complex form.

e The thickness, in other words. air space between the
floor and the bottom of the mixing console.

e The height of the meter bridge and its depth.

Taking account of the matters above. three kinds of the
mixing console’s shape are examined (Fig. 5).

e Type A: the simplified model for analysis of the basic
behavior of the mixing console.
Type B: angled top surface.
Type S: the shape based on the real mixing console
shown in Fig. 4. Type S has a meter bridge. a complex
shaped top surface and a thick body. More than 100
real "Type S mixing consoles and more than 3.000
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same kind of the mixing console are working in the
world.

2.2. Numerical Analysis

Following examinations are conducted in this study.

e The changes of the monitoring responses due to the
different shapes of the mixing consoles and by the
source positions.

e The variation of the sound field caused by the
presence of the mixing console.

e Contributions from the real source and from the
imaginary source.

e The effect of the absorption of acoustical boundaries
on the monitoring response.

In order to examine them with enough accuracy, the
author studies them based on the results of the numerical
analysis via the boundary element method (BEM). For the
calculation, the maximum length of the element boundaries
was set to be A/8 (A; acoustic wave length). When the
mixing console is removed, namely the hemi-free sound
field condition, numerical calculations are made by the
summation of the Hankel functions without the BEM
procedure.

2.3. Measurement

To confirm the validity of the numerical calculation via
the BEM, 1/10 scaled measurement was conducted in a
two-dimensional anechoic chamber (Fig. 6). The chamber
has a 2.65m x 1.67 m sound field. A two-dimensional free
sound field can be obtained up to 6.3kHz in the chamber
due to the thickness, 0.025 m, of the chamber. A tweeter

Fig.6 The 1/10 scaled measurements in the two-
dimensional anechoic chamber.
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Frequency response : measured in 2D free sound field
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Fig.7 The source responses in the two- dimensional
anechoic chamber.

driver was put in the chamber as a source. Figure 7 shows
the source responses at 1.5m, 3.0m and 6.0m distances
from the receiver. In terms of source characteristics and
chamber performance, the range from 50 Hz to 630 Hz is
the confidence frequency as the scale reversed frequency.
The floor and the 1/10 scaled mixing consoles, Type A and
Type B, were made from solid acrylic. Type S was made
from plywood with thin aluminum sheeting on the cut ends.
The tweeter driver, the microphone, the mixing consoles
and the acrylic floor were arranged on the 1/10 scaled field
in the chamber, and impulse responses were measured
using a TSP (time stretched pulse) signal with a 96 kHz
sampling frequency.

3. RESULTS

3.1. Effect of the Shape of a Mixing Console

The effects of the different shapes of the mixing
consoles were examined via the BEM. Figure 8 shows the
examined sound field. The source is fixed at 3m distance
from the receiver, and three different types of the mixing
consoles, Type A, Type B and Type S, are examined. The
boundary admittances of the mixing consoles were as-
sumed to be zero for numerical calculations. The response
in a hemi-free sound field, which is nothing but a floor, was
also examined.

Mixing console | — \o
None, Type A/B/S || [
id

infinite rigid ground) 1.9

(

/ V¥ Floor

Fig.8 The modeled field for the results shown in
Figs. 9 and 10.
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Frequency response : BEM. $(3.0m)

B and Type S are omitted from the next section.

In the response without the mixing console. a strong dip

g 5 appears at 143 Hz caused by the path difference between
5 o the direct sound (3.0 m) and the reflection sound from the
8 floor (4.2 m). This strong dip at 143 Hz seems to move to a
£ S lower frequency. approximately 100 Hz, when the mixing
j=}
z i : console is inserted. This result suggests that some kind of
-10 Mixing console i I . - P
, oo 4N > variation occurs in the sound field when the mixing console
| . N .o
asf] T PeB L consoie gigf j is inserted.
—~-—-Type$S | ' | N
None ‘ hemi-free dip
P - — 143Hz : . .
10 100 ik 3.2. Difference of the Source Position
frequency [Hz] . 5 . 3
The effects of the source positions were also examined
Fig.9 Frequency responses at the L.P. with the three via the BEM. Figure 11 shows the examined sound ficld.
types of mixing console. Responses were calculated at The Type A mixing console was positioned. and three

1/24 octave intervals via BEM. The 0dB indicates the

different positions of the source, 1.5m. 3.0m and 6.0m
free sound field response.

from the receiver. were examined.

Figures 12 and 13 show the results via the BEM. To
confirm the validity of the numerical calculation. the 1/10
10 Frequency response - measured. SG.0m) scaled measurements are carried out and the results are

N P shown in Figs. 14 and 15. Figures 12 and 14 show
g2 . responses when the mixing console is present. and Figs. 13
; o kﬁ% and 15 show the responses when it is not. Conditions for
3 the calculations and the measurements are same as those in
g5t Sect. 3.1.

z f Comparing the simulated (Figs. 12 and 13) with the
" M‘mgcé’y";;": ‘ measurement (Figs. 14 and 15) results: they correspond
—— = Type B i1
i g Aromtee dip if’
Lo g 118 L o
freqxjgr?c;[glz] b i \\;\ [
sem) Tt \t\ ,
Fig. 10 Frequency responses at the L.P. with the three 5‘“};};4@):\;::

types of mixing console. Responses were measured in
the 2D anechoic chamber. Averaged data are plotted at L F
1/24 octave intervals. The 0dB indicates the ftree 4 Floer yofinite ngid ground) e
sound field response. The gray area indicates areas of

no confidence.

Mixing console. Type A 1%

‘(o‘m 7

Fig. 11 The modeled field for the results shown in
Figs. 12 to 15.
Figure 9 shows the results via the BEM. namely the
difference of the response due to the shapes of the mixing
console. To confirm the validity of the numerical calcu- 10, Frequency response - BEM. The mixing console exists.

lation, the results via the scaled measurement are also
shown in Fig. 10. Results are normalized by the free sound
field response. Calculation was conducted at 1/24 octave
frequency intervals. Measured results are plotted as the
averaged value at 1/24 octave frequency intervals. The
gray area in Fig. 10 indicates areas of no confidence.
Comparing the simulated (Fig. 9) with the measure-
ment (Fig. 10) results, both results correspond enough well
to confirm the validity of the calculation method. In respect

Normalized SPL [dB]

to differences of the consoles™ shapes, purposive difter-
ences are not found at a low frequency. All three types give

100
frequency [Hz]

the same kind of the strong dip to the frequency response at Fig. 12 Calculated responses  trom  three  different
approximately 100 Hz. Therefore the examinations ot Type source distances for the Type A mixing console.
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Frequency response : BEM, The mixing console does not exist.
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Fig. 13 Calculated responses from three different

source distances with no mixing console.

Frequency response : measured, The mixing console exists.
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Fig. 14 Measured responses from three different source
distances for the Type A mixing console.
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Fig. 15 Measured responses from three different source
distances with no mixing console.

well enough to confirm the validity of the simulation
method. According to the results without the mixing
console (Fig. 13), the farther out the source is located, the
higher the lowest frequency of the dip moves because of
the variation of the path difference between the direct
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sound and the reflection sound from the floor. This
tendency is also observed in the results with the mixing
console (Fig. 12). This suggests that interference between
the direct sound and the reflection sound from the floor
contributes to the dip in the low frequency regardless of the
presence of the mixing console.

However details of the appearances of the dips are
different in the two results. First, the dip’s frequencies with
the mixing console (Fig. 12) do not correspond with those
without the mixing console (Fig. 13). Second, quality
factors (Q factors) show different characteristics. When the
mixing console is not present (Fig. 13), Q factors of the
dips are almost consistent regardless of the source position.
On the other hand, when the mixing console is present
(Fig. 12), the farther out the source is located, the smaller
the Q factor of the dip becomes. Therefore, the mixing
console clearly initiates some kind of acoustical effect on
low frequency responses. And the results also suggest that
the dip affected by the mixing console necessarily occurs at
around 100Hz in the small/medium sized mixing rooms,
even though all walls and the ceiling are absorbed
perfectly.

4. DISCUSSION

4.1. Variation of the Sound Field with the Mixing
Console

To examine the effect of the mixing console on the
sound filed, spatial distributions of the sound pressure
levels were calculated. Calculation was conducted for
50Hz, 75SHz, 100Hz, 150Hz and 200Hz at 0.1 m x 0.1 m
mesh points. The boundary admittance of the mixing
console is assumed to be zero, and the source is located at
3m distance from the receiver. Figures 16 and 17 show
results without or with the mixing console, respectively.

Figure 16 presents the interference pattern created by
the real source and an imaginary source against a floor;
features are:

(1) No nodal line of the sound pressure level (SPL) is
found at 50 Hz, but appears at 75 Hz

(2) As the frequency become higher, the nodal line
becomes thin and comes down to the floor.

(3) The L.P. is involved with the nodal line at approx-
imately 150Hz. The dip in the frequency response
without the mixing console (Fig. 13, S(3 m)) reflects
this state.

Comparing Fig. 17 with Fig. 16, some features of the
sound field with the mixing console are the same as without
it. However, with the mixing console, some differences can
be observed in the SPL distribution:

(1) Part of the nodal line almost adheres to the surface of
the mixing console at 75 Hz.

(2) At a frequency higher than 100 Hz, the nodal line is
split into two segments, and the edge of the one
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SPL contour, hemi-free sound field (no console)

a) 50Hx
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Height [m]
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<
0% 3 2

-1 0
Depth [m]

20dB 30dB

-30dB -20dB -10dB__ 0dB 10dB

Fig. 16 SPL contours without a mixing console. Results
arc calculated for a) 50Hz. b) 75Hz. ¢) 100Hz. d)
150 Hz and ¢) 200Hz at 0.1 m x 0.1 m mesh points.
The 0dB indicates the SPL in a free sound field.
Contour lines are plotted at 3dB intervals.

segment adheres on the surface of the mixing console:
such that one nodal line appears to be generated from
the surface of the mixing console.

(3) As the frequency becomes higher. the nodal line
which touches with the mixing console appears to
revolve around the surface of the mixing console.

(4) The L.P. is involved with the nodal line at approx-
imately 100 Hz. This state is reflected as the dip in the
frequency response (Fig. 12, S(3m)).

In summation it can be said that the variation of the
nodal line makes a difference in the dip’s appearance
between the responses with the mixing console and those
without it.

SPL contour. with the mixing console, Type A.

Height [m]

-y

;

Height (m]

Height [m]

Height [m]

-30dB -20dB -10dB 0dB 10dB  20dB 30dB

Fig. 17 SPL contours with a Type A mixing consolc.
Results are calculated for a) SO Hz. b) 75 Hz. ¢) 100 Hz.
d) 150Hz and e) 200Hz via BEM at 0.1m x 0.1 m
mesh points.

4.2. Contributions from the Real Source and the
Imaginary Source

To examine the contribution from an imaginary source.
responses from an imaginary and from a real source were
calculated. Figure 18 shows the modeled sound field.
where the imaginary source (S'(3m)) and the imaginary
mixing console are inserted instead of the floor.

Figures 19 and 20 show the calculated results: the
black solid lines indicate the responses from the real
source (S(3m)) and from the imaginary source (S'(3m))
respectively. The total responses from all sources
(SG3m)+S'(3m)) are also shown as the gray solid lines
in Figs. 19 and 20: where solid lines show responses with
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Fig. 18 Modeled sound field without a floor. The
imaginary source S'(3m) and the imaginary mixing
console are added instead of the floor.

Frequency response : BEM
0 = /f‘

/’ L AN

i
¥

from the real source
45l|—-—- T (noimg. console)
from all sources

w v =« T (noimg. console)

%

Normalized SPL (dB]
Al

1 T
10 100 1k 10k
frequency [Hz]

Fig. 19 Calculated responses via BEM. The black lines
show the responses from the real source (Fig. I8,
S(3m)), and the gray lines show the total responses
from all sources (Fig. 18, S(3 m)+S’(3m)). The solid
lines show the responses with an imaginary mixing
console, and the dash-dotted lines show the responses
without it.

the imaginary mixing console, and the dash-dotted lines
show responses without it.

Comparing the black lines with the gray lines shown in
Figs. 19 and 20, the response from the real source and
those from the imaginary source (black lines) do not have a
dip at around 100Hz, as is shown in the total response
(gray lines). This result suggests that the dip at around
100Hz is not just caused by the scattering around the
mixing console.

In the response from the real source (Fig. 19, black
solid line), periodic dips caused by the path difference
between the direct sound (3.0m) and the sound reflected
from the surface of the mixing console (3.3m) are
observed. The total level reduces gradually to 0dB as the
frequency goes lower. This result suggests that the sound
reflected from the surface of the mixing console reduces to
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Frequency response : BEM, Equivalent circuit model

P
e 2

w

o

F
> \
PR

N

VAUl

&

Normalized SPL [dB]
1
b}
-

Y

o

from the img. source

T (noimg. console)

from all sources

~ -—- T (noimg. console)
T

ABH=-="

-20,

10 100 10k

frequency [Hz]

Fig. 20 Calculated responses via BEM. The black lines
show the responses from an imaginary source (Fig. 18,
S(3m)), and the gray lines show the total responses
from all sources (Fig. 18, S(3m)+S’(3 m)). The solid
lines show the responses with the imaginary mixing
console, and the dash-dotted lines show the responses
without it.

be zero at a low frequency, because the finite surface of the
mixing console can not yield a complete mirror reflection
to the incident sound at low frequencies. In other words,
the reflection sound from the surface of a mixing console
can be expressed with a high pass filter (HPF), the
characteristics of which are determined by the dimensions
of the mixing console and the position of the source.

With the response from the imaginary source (Fig. 20,
black solid line), the characteristics are almost like a low
pass filter (LPF). This result suggests that only low
frequency waves can reach the L.P. from the imaginary
source.

In respect to the effect of an imaginary mixing console,
the responses without the imaginary mixing console
(Figs. 19 and 20; dash-dotted lines) show almost the same
characteristics as the results with it (solid lines), though a
slightly difference is found at the dip of the lowest
frequency of the total response (gray lines). Therefore
we omitted the effect of the imaginary mixing console in
order to simplify the problem.

Figures 21 and 22 show the comparisons of the
responses of Types A, B, and S mixing consoles. Figure 21
shows the responses from the real source (Fig. 18, S(3m)),
and Fig. 22 shows the responses from the imaginary source
(Fig. 18, S’(3m)). Since the little difference is observed
between the responses with the imaginary mixing console
and those without it, only the results without the imaginary
mixing console are shown. The black solid lines, the gray
solid lines and the black dashed lines indicate the responses
of Types A, B, and S, respectively. According to the results
shown in Figs. 21 and 22, the difference of the shapes
among Types A, B, and S, has little effect on both
responses from the real source and from the imaginary
source, as well as the total response (Fig. 9). Therefore, the
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Frequency response from the real source : BEM
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Fig. 23 The simplified field without a mixing console.

The secondary imaginary source S'I is added instead
of the mixing console.

Fig. 21 Calculated responses from the real source
(Fig. 18, S(3m)). The imaginary mixing console is
omitted. The black solid line, the gray solid line, the
black dashed line show the responses of the “Type A.
“Type B." "Type S* mixing console, respectively.
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Fig. 24 The equivalent circuit of the sound field shown in Fig. 23.
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Fig. 22 Calculated responses from the imaginary source & e :
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responses of Types A, B, and S are considered to be
. Q.25
generated by the same mechanism. S
In conclusion, it can be thought that the mixing BT rase Tk

consoles behave like a HPF for a field higher than it and
like a LPF for a field lower than it.

Fig. 25 Difterences of the characteristics between the

Hankel tunction ot the second kind of order zero, and
4.3. Equivalent Circuit Model the exponential function. Black lines show the dif-
ferences of the amplitude characteristics. and gray lines
show the differences of the phase characteristics. The
dashed lines and the solid lines show the values when

In accordance with the considerations in section 4.2
above, the sound filed shown in Fig. 18 is assumed to be

simplified to Fig. 23 with an equivalent circuit shown in the source is located at S'I and S'2 (Fig. 23).
Fig. 24. The imaginary mixing console is omitted in this respectively. All results are normalized by the direct

model. In Fig. 23. S indicates the real source. and S'l and sound (Fig. 23..5).

S'2 indicate the imaginary sources against the surface of a

mixing console and the floor respectively. Hankel function of the second kind of order zero. This
In Fig. 24, the transfer functions from S'l or S'2 to the ~ expression can be approximated by the exponential phase

L.P. are expressed by three elements, the attenuator, the  shift and the attenuation inversely proportional to the

delay and the filter (HPF, LPF). In the two-dimensional square root of the distance from the source.

sound field, the direct sound is basically expressed as the Figure 25 shows the degree of the approximation. i.e.,
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the differences of the amplitude and phase characteristics
between the Hankel function and the exponential expres-
sion under the conditions assumed here. As the result, the
absolute differences of the amplitude and the phase are less
than approximately 0.2dB and 1.6 degrees at higher than
10 Hz, respectively, and they are considered to be little
enough to be ignored. Therefore, the author expresses the
source of the circuit model (Fig. 24, S'I, S'2) in the
exponential function instead of the Hankel function for the
convenience of the calculation.

The transfer function of the equivalent circuit H(f) is
described as follows.

H(f) =1+ H\(f) + H:(f) (h

The unity in the right hand side represent the transfer
function of the direct sound; H,(f) and H»(f) represent the
transfer functions of the reflection sounds from the surface
of the mixing console and from the floor respectively.
H(f) and H,(f) are described in a frequency domain as
follows.

Hi(f) = r/rie ™™ Hypp(f) ()
Hy(f) = \/r/re ™" Hypp(f) 3)

r, r; and r» indicate the distances from S, S’l and S'2 to
the L.P., respectively. Hypr(f) and Hy pr(f) are the transfer
functions of the second order High Pass Filter and the Low
Pass Filter, respectively. They are described by the
resonance frequency f; and the quality factor Q.

|
Hypr(f) = ; )

Hipe(f) = (%)

1

= (5) o ()
where, f; and Q are estimated by a series of calculations of
the responses from the real and imaginary sources to fit the
results via an equivalent circuit to that via the BEM. As a
result, (fo, Q) = (30Hz,0.1) was assumed for HPF and
(fo. Q) = (500 Hz,0.5) for LPF. The calculated results via
the equivalent circuit using these fys and Qs are shown as
the black solid lines in Figs. 26 and 27; where the gray
lines indicate the calculated results without the imaginary
mixing console via the BEM. Also in Fig. 26, the
amplitude characteristics of the HPF are shown as the
black dashed line. From Figs. 26 and 27, the responses via
the equivalent circuit (black solid lines) can be seen to be
in good agreement with the responses via the BEM (gray
solid lines).

The amplitude characteristics of the HPF and LPF that
are used for the equivalent circuit are shown in Fig. 28;
where the HPF and LPF seem to compose the cross over
filter. This shows that the total energy of all the reflection
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Frequency response : BEM, Equivalent circuit model
e T — T

AN

/

o

1\

=]

1

BEy
v
ik
7l

o

Normalized SPL [dB]

from the real source
circuit model, 1+H, (/)
— — — HPF(+6dB), 2 H,, ()
BEM (no img. console)

-20 ) E— r i i
10 100 1k 10k
frequency [Hz]

Fig.26 Calculated responses from a real source
(Fig. 18; S(3m), Fig.23; S+4S'1). The imaginary
mixing console is omitted. The black solid line shows
the response calculated by the equivalent circuit, and
the gray solid line shows the response via BEM. The
black dashed line shows the amplitude characteristics
of the HPF plotted with +6dB gains.
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Fig. 27 Calculated responses from an imaginary source
(Fig. 18; S'(3m), Fig. 23; §'2) with no imaginary
mixing console. The black solid line shows the
response calculated by the equivalent circuit, and the
gray solid line shows the response via BEM.
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Fig. 28 Amplitude characteristics of the HPF and the
LPF that are used in the circuit shown in Fig. 24.
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Frequency response : no imaginary console
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Fig.29 Final responses calculated by two different
methods, BEM (gray line) and the equivalent circuit
model (black lines). Contributions from all sources
(Fig. 18: S3m)+S'(3m). Fig. 23: S+S'1+S52) are
summed. There is no imaginary mixing console.

sounds is almost same as that of the one reflection sound at
the L.P.

The final response. namely the total response that
includes the contributions from all sources (Fig. 18:
S3m)+S'(3m). Fig. 23; S4S'14+S2). is shown in
Fig. 29. The black solid line indicates the result via the
equivalent circuit, while the gray solid line indicates the
result without the imaginary mixing console via the BEM.
Comparing the two results, it can be seen that they
correspond enough well, especially at the low frequency to
confirm the validity of the equivalent circuit. Consequent-
ly. we can ascertain that the mixing console in the hemi-
free sound field is expressed by the simple equivalent
circuit shown in Fig. 24, and also that the equivalent circuit
shows the outline of the generating mechanism ot the dips
at the low frequency.

To consider the effect of the HPF and the LPF.
responses with or without the HPF and/or the LPF was also
calculated via the equivalent circuit. Fig. 29 shows the
results. the black dashed line presents the response without
both the HPF and the LPF: the black broken line presents
the response only with the LPF; and the black dash-dotted
line represents the response only with the HPF.

Comparing them with the target response calculated via
the BEM (gray solid line), they cannot express the
appearance of the target response well especially at low
frequency. This result suggests that both the HPF and the
LPF are the important elements to simulate the low
frequency response. and the generating of the dip at low
frequency is affected not only by the low passed sound
from the floor but also by the high passed sound from the
surface of the mixing console. In terms of the little
amplitude of the HPF at low frequency. it can be
considered that the phase characteristics of the HPF give
a larger effect to the dip at around 100Hz than its

amplitude characteristics.

In conclusion. through examinations via the simple
equivalent circuit model. we ascertained that:

(1) The interference of three kinds of sound, 1) direct
sound from the source: 2) reflected high frequency
sound from the surface of a mixing console: and 3)
reflected low frequency sound from the floor, generate
the dip in the monitoring response at around 100 Hz.

(2) The behavior of the mixing console as a HPF and a
LPF causes the variation in the dip’s appearances at
low frequency.

Since Types A. B and S mixing consoles show the same
kind of the responses (Figs. 12, 21 and 22). the circuit
model (Fig. 24) may have a possibility to be applied tor
many shapes of the mixing consoles. However. in order to
clear this point. more detail analyses must be conducted.
The authors are continuing to research the relationship
between the parameters of the sound filed including the
shape of the mixing console and the values of f;, and Q
under various conditions.

4.4. Basic Trials in Order to Improve the Low
Frequency Response

We have ascertained. as presented above, that the
characteristics of the dip at around 100Hz are closely
related to the sound reflected from the floor and the
presence of the mixing console. Therefore. reduction of
these effects should lead the reduction of the dip. Some
examples for improving the dip are tried via the BEM in
this section. Improvements were carried out by variations
of part of the boundary admittances.

When we consider methods to improve, the following
must be considered:

e It is almost impossible to physically absorb the top
surface of the mixing console.

e Taking account of architectural matters. it is also
almost impossible to absorb the whole floor with
much sound absorption.

Considering the above. the following two methods
were examined (Fig. 30).

! 1.0 Y0, 1.2

Floor ! -

(infinite rigid gror.md)
v

S
[ R RS RN LR, )

1

”
b= 1Pt T
= pe PRI

Fig. 30
quency response. Part of the floor or the bottom of the
mixing console is absorbed. Calculated results are
shown in Figs. 31 and 32.

An experimental model to improve low fre-
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(1) Absorbing the front part of the floor in order to reduce
the effect of the sound reflected from the floor. The
admittance of 1/pc is given at the floor between the
L.P. and the source.

(2) Absorbing the bottom of the mixing console to reduce
the effect of the presence of the mixing console. The
admittance of 1/pc is given at the bottom of the
console where the reflected sound from the floor
incidents.

Figures 31 and 32 show the calculated results of
frequency responses and SPL contours at 100 Hz, respec-
tively.

In respect to absorbing part of the floor, this much
increases the SPL of the dip at around 100Hz (Fig. 31,

Frequency response : BEM
10

[

(=

&

Normalized SPL [dB]

o

[
Normalized surface admit., B ‘
default — all 0s
front part of the floor—> 1
— = - console’s bottom— 1

-20 H T ;
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Fig. 31 Frequency responses at the L.P.

SPL contour, BEM : B of the front part of the floor is 1/pc
3

-1 0
Depth [m]

-30dB -20dB -10dB___0dB  10dB _ 20dB_30dB

Fig. 32 SPL contours of 100 Hz calculated via BEM at
0.1'm x 0.1 m mesh points. a) shows the result with the
partial absorbing of the floor; b) shows the result with
the absorbing of the console’s bottom.
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black solid line). However the response is no longer the
original one (Fig. 31, gray solid line), and it is also
different from the response without the imaginary source
(Fig. 19, the black solid line). This suggests that absorbing
part of the floor cannot sufficiently remove the effect of the
imaginary source, and may create another type of response.
Consequently this method causes a risk of generating other
dips and peaks, such as those at approximately 25Hz,
150Hz, 250 Hz and 550 Hz (Fig. 31, black solid line).

On the other hand, absorbing the console’s bottom just
affects the low frequency response at less than approx-
imately 110Hz (Fig. 31, black dashed line). Though the
recovered value of the dip may not be sufficient, an
advantage is that new dips and peaks do not appear.

The SPL contours shown in Fig. 32 reflect the
appearances of the frequency responses. The SPL distri-
bution with the absorbing of the console’s bottom (Fig. 32-
b) remain the feature of the default field (Fig. 17-c). On the
other hand, the SPL distribution with absorbing part of the
floor (Fig. 32-a) is no longer the default one (Fig. 17-c).
though the nodal line is almost removed.

In conclusion, each method has advantages and draw-
backs; a perfect solution is probably hard to find so long as
the effect of the imaginary source remains. Detail exami-
nations into combinations of some different kinds of
methods are still needed.

5. CONCLUDING REMARKS

Dips in the monitoring responses with a mixing console
are investigated by three approaches; BEM, 1/10 scaled
measurements and the equivalent circuit. The results
demonstrated the following (Fig. 33).

(1) The dip affected by the mixing console necessarily
occurs at around 100Hz in the small/medium sized
mixing rooms whose monitoring distances are around
3m, even though all walls and the ceiling are

a) without the mixing console
Source
(Loudspeaker)

Receiver

b) with the mixing console
Source
(Loudspeaker)

/ ¥ Floor

Fig. 33

Images illustrating the effect of a mixing console.
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absorbed perfectly.
Dips are generated by interferences of three kinds of
sounds, 1) direct sound from a source: 2) reflected
high frequency sound from the surface of a mixing
console; 3) reflected low frequency sound from the
floor.
The mixing console behaves like a HPF for the sounds
that incident from higher than it.
The mixing console behaves like a LPF for sounds
that incident from lower than it.
The behavior of the mixing console as a HPF and a
LPF affects the charactenstics of the dip at low
frequency.
Reductions of the reflections on the floor and on the
bottom of the mixing console are effective for
increasing the SPL at the dip’s frequency of around
100 Hz. However, an extreme condition. i.e.. perfect
absorption, is assumed to reduce the reflected sound:
practical examinations are still necessary.
The authors are continuing to research correspondences
between the two-dimensional model and the three-dimen-
sional field. and will also investigate the relationship
between the effect of the mixing console and the conditions
of the room boundary.
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