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ABSTRACT

The random incidence absorption coefficient is raez$in a reverberation room according to the ISD85ASTM C423-09. Ac-
cording to these standards, the diffusivity of @erberation room is usually obtained with panefudiérs. Besides the fundamental
problem that a reverberation room with a highlyapsve specimen is not diffuse, these panel défasntroduce a number of un-
certainties in the resulting acoustical effectiodune and the total boundary surface of the revatimn room.

As a part of more investigations with the aim tduee the difference in measurement results betaifmment laboratories, the pos-
sible use of volume diffusers instead of paneludiffrs is investigated with the aid of a 1:10 soadelel, the real reverberation room
at the Peutz laboratories and raytracing calculatio

From this investigation it can be concluded thdure diffusors can be used instead op panel diffusm enhance the diffusitivity
in a reverberation room. Besides the advantagentitatvolume diffusors the real volume and boundamga of the room are known,
these investigations show that the use of volurffastirs might even result in a higher degree dudifivity than the use of panel
diffusors. This is shown by comparing the spreathefsurement results between different source aophone positions in the
reverberation room. Furthermore, the relative stashdleviation between the different source — micome positions might be a
good test for the qualification of the diffusitiyibf a reverberation room, especially with highbsarptive specimen present in the

room.

INTRODUCTION

The random incidence absorption coefficient is mesin a
reverberation room according to the 1SO354 or ASTEP3-
09a [1,2]. It is known that the inter laboratorpmeducability
of these results is not very well, which leadshe tindesired
“shopping” phenomenon: material suppliers try tadfithe
laboratories who produce the highest absorptiorfficmant
of their material [3]. The main difference betwede labo-
ratories that already fulfill the requirements bé tstandards,
is expected to be found in the form and mainlydHtusitiv-
ity of the different reverberation rooms.

According to the mentioned standards, the decagmgnd
field in the reverberation room shall be “suffidigh diffuse.
An “acceptable” diffusivity of a reverberation rodsusually
obtained with panel diffusers, as described in Istdindards.

The term “diffusitivity” is not specified in one dhese stan-
dards. Generally a sound field is considered diffifsthe
energy density is the uniform at all positions. sTtefinition
does not given a criterium when it is “sufficieritlgliffuse
either. Several investigations have been performedhis
subject, but at the moment no consensus has beged.fo

The tests for diffusitivity in both standards set@mimply,
that panel diffusers, rotating or not, are a négess gain
sufficient diffusion, because only panel diffusars incorpo-
rated in the test procedure for the facility. Tl 354 A2
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method to check for diffusivity is based on addpamel dif-
fusors untill a maximum of absorption for an absop
specimen is reached. Aiming for the maximum migbit lme
the same as aiming for the right value.

Besides the fundamental problem that a reverberatom

with a highly absorptive specimen of a certain seenot

diffuse, these panel diffusers introduce a numbenreer-

tainties. Due to all these panels, the acoustiedbbiour in
the room is much more complicated, and it's noyeasde-
termine the real acoustical effective volume, noe total
boundary surface of the reverberation room. Eithgranel
shields a particular corner of the room, or it isaarier in the
room. It's therefore not easy to describe or pitettie acous-
tical behavior of a reverberation room, while ie theantime
we use this same room to measure a material canstach

is used for the prediction of the acoustical bebawiof not
yet build rooms.

But also in a much more practical sense these wictes
are unwanted. It is clear that an uncertaintydlume results
directly in uncertainties of the the measuremesitlts of the
total specimen absorption present in the room.éwevalent
absorption area is calculated trough [1]:
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in which:

A is the equivalent sound area absorption in m?2

\% is the volume of the reverberation room in m3

c is the propagation speed of sound in m/s

m is the power attenuation coeffecient according to
ISO 9613-1 in it

sub 1 is the situation of the empty reverberatiamnro

sub 2 i_s the situation of the reverberation roomhvgipe-
ciman

sub T property of the specimen

The uncertainty in the volume is therefore proori to the
uncertainty in the absorption.

As a possibility to reduce the measurement unctitai and
to reduce the difference in measurement resulisdesst dif-
ferent laboratories, the possible use of voluméusirs in-
stead of panel diffusers is investigated. The itigasons
have been performed with the aid of a 1:10 scaldeiof
and the reverberation room itself at the Peutz riztboes.
Also calculations with raytracing have been perfednto
investigate the geometric influence of panel diffiss Dur-
ing this investigation it was tried to find a wagvinto quan-
tify diffusivity.

The idea of volume diffusors is certainly not némwthe sec-
ond Round Robin for measuring absorption in the e
tion room, the reverberation room in Braunschweigvwsha
relative small spread in the measurement resulis differ-
ent configurations. The different configurationg dound in
different areas of specimen and different numbeparfel
diffusors. The Braunschweig reverberation room retdthe
time) volume diffusors on two walls and the ceil{dg

THE PEUTZ REVERBERATION ROOM

The Peutz reverberation room in the acoustic ldboydnas a
volume of 214 m3 and a surface boundary of 219 The
opposite walls have an angle of 10°. The ceilingrider an
angle as well, with a heigth of 5,0 to 5,88 m. Acling to

Figure 1. Reverberation Room Peutz, Mook
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the ISO 354 the diffusivity of the room is providéx with
panel diffusors [5], see figure 1.

The reverberation time is measured with the infgad noise
method and is given in octave band values in ferampty
reverberation room table 1.

Table 1. Reverberation time empty reverberation room Peutz

125 250 500 1000 |2000 |4000

Hz[s] |Hz[s] |Hz[s] |Hz[s] |Hz[s] | Hz [s]

RT 9,84 7,98 8,20 6,81 4,65 2,61

THE 1:10 SCALE MODEL REVERBERATION
ROOM

Description scale model and equipment used

The real Peutz reverberation room is duplicatedh \&it1:10
scale for the scale model reverberation room. Takswfloor
and ceiling are made with 40 mm multiplex and 10 mm
plexiglass. The wood is sanded and lacquered detveras
until the reverberation time in the room reachedaximum.
Unfortanetly we were unable to realise the samealdsy
reverberation time as in the real Peutz reverlmratoom.
The ISO 354 criteria are (allmost) fulfilled thoudbr the
empty reverberation room without diffusors, seaurfig2 to
for a comparison.

Measured absorption and SO criteria
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—— Absoption scale model reverberation room [m?3

~1S0 354 criteria for maximum absorption [m3

—— Absorption real Peutz reverberation room scaled down to 1:10

Figure 2. Measured absorption empty reverberation
rooms 1:1 and 1: 10 (without diffusors) and ISO 354

Figures 10 and 11 at the end of the article pregiemires of
the scale model reverberation room.

The measurements in the 1:10 scale model are a@so p
formed with the interrupted noise method (whitesedi but

in the one third octave bands from 1000 Hz to 50820The
scale model is fitted with four loudspeakers (tyBeIT
1004/-08, am-plifier CEC AMP 31) and three microphone
(type Esper K4, amplifier RME octamic), all in adik posi-
tion.

All loudspeaker — microphone combinations are messy4

times, a complete round of reverberation time meamants
hase therefore 48 measurements per one third obiave.
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The measurements are recorded with a sample rate of

192 kHz, after which the sample is downscaled t(tesl) 10
times. The one third octave band reverberationgiare then
analysed using the “normal” Peutz analyzing sofewniarthe
10x downscaled frequency bands.

Description scale model diffusors

The measurements in the scale model are perforntbdu
added diffusing elements, with RVS (stainless stpahel
diffusors, with plastic panel diffusors and withlwme dif-
fusers. The RVS panel diffusors have a thicknesk.®fmm
and a weight of 7.8 kg/m2. The used plastic paif@lisbrs
are made from polystyrene and have a thicknessSofiin
and a weight of 0.5 kg/m2. (We first made panefudifrs
with way too much absorption). The panel diffusams in the
same location and have the same form as in theeldr-
beration room (see [5] for more information on tpaint).
The volume diffusors are made of polystyrene, which
stiffened and got a weight increase with the aichdfiple
bitumic layer, the resulting weight is 16.3 kg/nfawo differ-
ent sphere radius’ are used: 190 mm and 75 mmradias’
of the volume diffusers perimeter are 10.85 and 7
respectively. The volume of the diffusors (14 ns)dis-
tracted from the volume of the reverberation room.

The RVS panel diffusors

Because the first made plastic panel diffusors vesreab-
sorbing disaster, RVS was first chosen for the diffg ele-
ments because of their weight in combination wiith possi-
bility to polish them very well. The reverberatitme meas-
urements of the RVS panel diffusors however were, tdua
double decay, hard to interpret, and thereforetted large
spread in measurement results. These occured netirthe
lower frequencies, around 1250 Hz and 4000 Hz éscal
model), especially in the empty reverberation rosithout
specimen. The phenomenon is at this point not darittives-
tigated, it is not known if this is due to resonamnd the pan-
els or that it has a geometric ground. We chogedoeed the
measurements also with new panel diffusors with hmless
weight and not to use the RVS panels. The muchtdigh
plastic panel diffusors did not show this doubleaje

With the use of panel diffusors, it might be theseahat
heavy weight panels lead to less accurate measoteme-
sults, while the ASTM only describes a minimum virtig

SCALE MODEL MEASUREMENTS
Overview measurements

The following samples were measured with the tluiéfe-
sorconfigurations of the reverberation room scabel@h

1) Empty reverberation room

2) Empty reverberation room with non-absorptive alumin
ium frame of 300x400 mm and a heigth of 15mm

3) Reverberation room with specimen:

a) 10 mm mineral wool 0.118 m2 in non-absorptive
frame

b) 15 mm foam, 0.118 m2 in non-absorptive frame
c) ~ 6 mm carpet, 0.118 m2in non-absorptive frame

d) open “window”, 0.108 m2 (scale model placed in
an absorhing environment: anechoic room)
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Measurements with air

The air absorption in (1) is corrected for accogdio the 1ISO
9613-1:1993. At the really high frequencies theahisorption
is very high. We preferred to perform the measurémwith
air instead of for instance nitrogen for practioshsons. To
test the results with plain air, we compaired theasured
absorption coefficient of 10mm mineral wool measuvéth
air with the absorption coefficient measured wiitragen.
Above 31,500 Hz the measurement results with #ierdioo
much from the measurement results with nitrogercabse
the air absorption in this range is really high.fésthe other
frequency bands the comparison is well enough sbfjuthe
measurements with air, within the scope of thigstigation.

Absorption coefficient
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Figure 4. Comparison measured absorption coefficient
reverberation room filled with air and with nitrage

Calculation procedures measurement results
The reverberation times for the different sourgaierophone
combinations are measured and analyzed seper&ieiyn

this, the standard deviation over all 48 RT’s peasugement
is calculated through:

. i
SiDev,, =(LZ(RT—< RT >)Zj ‘@

“dLi=n
in which:

StDewkt Standard deviation RT in 1/3 octave band

N Number of measurements over all mics and
sources

RT; RT ofith measurment [s] in 1/3 octave band

<RT> Average RT in 1/3 octave band
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The standard deviation is not calculated per micooe po-
sition (then we should have had more microphonéipns)
but over all measurements.

In analogy with the ASTM 423, also the relativenstard
deviation for all frequency bands is calculated dtirmeas-
urements by means of (3). In the ASTM not the RT thet
decay rate is used to calculate the relative standeviation.
Also the results per microphone are averaged fik&.took
the relative standard deviation over all measuresnen

RStDev,, = SDev,. / <RT > (3)

The equivalent absorption arearf/of the specimen is cal-
culated from the difference between empty room ridéime
and room with specimen. The absorption of the apieclow
is calculated from the difference between emptynrcend
room with open window. Both according to (1). Theetp-
tion coefficientas is then A/Areas.

The repeatability* of the absorption coefficientittwrefer-
ence to the ISO 354:1985) is calculated through (4)

ow:vﬂ/(RT )+
2.83 N I A

016N%/(RT)2+4/D00$ -m|
' IN s 0pm,; —m,

In which E stands for “empty” and S for “specimen”.

In this case, the specimen is not really takenioytlaced
back in the reverberation room. Instead, the rejodéy
calculation is used to specify a measure of thé&mihce
between the different source — microphone posifitimsre-
fore the **. The corrections for specimen volumedaarea,
are judged as negligable for the calculation ofrdpeatabil-

ity*.

By taking the deviation between different sourceniero-
phone positions, information is gathered on theatian of
measurement results throughout the room. Especieiliy

absorptive specimen this provides information om ribsult-
ing diffusitivity.

Measurement results for different ‘diffusivity’ con -
figurations

The measurement results for the relative standawiation
of the RT and the repeatability* of the absorptioefticient
for the different specimen are presented in theréig 5 and
6. The three reverberation room configurations are:

1. Without added diffusors
2. With plastic panel diffusors

3. With volume diffusors

The scale for the comparising graphs is equal.
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Measured relative standard deviation RT reverberati ~ on room
without diffusors
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= 1la. Reverberation Room without diffusors - empty

1b. Reverberation Room without diffusors - framework
= 1c. Reverberation Room without diffusors - glass wool
= 1d. Reverberation Room without diffusors - foam
— le. Reverberation Room without diffusors - carpet

1f. Reverberation Room without diffusors - open window

Measured relative standard deviation RT reverberati  on room with
plastic diffusors
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——4a. Reverberation Room with plastic diffusors - empty
4b. Reverberation Room with plastic diffusors - framework
= 4c. Reverberation Room with plastic diffusors - glass wool
——4d. Reverberation Room with plastic diffusors - foam
——4e. Reverberation Room with plastic diffusors - carpet
4f. Reverberation Room with plastic diffusors - open window
Measured relative standard deviation RT reverberati ~ on room with
volume diffusors
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——3a. Reverberation Room with volume diffusors - empty

3b. Reverberation Room with volume diffusors - framework
= 3c. Reverberation Room with volume diffusors - glass wool
= 3d. Reverberation Room with volume diffusors - foam
= 3e. Reverberation Room with volume diffusors - carpet

3f. Reverberation Room with volume diffusors - open window

Figures5 ato c, from top to bottom the relative standard
deviation in measured RT in the scale model revarber
tion room:

a) without diffusors

b) with plastic panel diffusors

¢) with volume diffusors
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Repeatability* absorption coefficient reverberation room
without diffusors
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Repeatability* absorption coefficient reverberation room with
plastic diffusors
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4f. Reverberation Room with plastic diffusors - open window

Repeatability* absorption coefficient reverberation room with
volume diffusors
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3f. Reverberation Room with volume diffusors - open window

Figures 6 a to ¢, from top to bottom the repeatability*
for the measured absorption in the scale modelrreve
beration room:

d) without diffusors

e) with plastic panel diffusors

f)  with volume diffusors
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From these graphs it is quite evident that in alies the re-
verberation room with the volume diffusors has theest

relative standard deviation in RT between measuré&sream

the lowest repeatibility* for the absorption coeiéint.

Although the repeatability* with panel diffusors @t sig-
nificantly larger than 0.1 (the required maximuniueaac-
cording to the ISO 354:1985), the repeatability*thwihe
volume diffusors is about half the repeatabilitytbé panel
diffusors.

The maximum relative standard deviation for theatam in
decay rate as mentioned in the ASTM (not requiatihined
from unpublished data) is about 0.02 for the vaet in
decay rate, over the different source microphongtipos.
With volume diffusors this value seems possiblectise for
the RT at higher frequency range. The measuredivelat
standard deviation of the RT measured with pandélsbfs
is, exept in the empty room, not lower than 0.05.

With the panel diffusors there is a clear differermetween
the empty room and the room with absorptive specimith

respect to the relative standard deviation of RTthWolume
diffusors, the difference with and without absorbtsample
is significantly smaller.

In this scale model investigation, the volume ditfts seem
to lead to a higher degree of diffusitivity thar ghanel diffu-
sors. Furthermore, the relative standard devidigtween the
different source — microphone positions might tgoad test
for the qualification of the diffusitivity of a rewvberation
room, especially with highly absorptive specimen.

Possible further investigation might include th#uence of
specimen position, basic room shape, mic and soposé
tions, and recommendations on the size and nuntfbeolo
ume diffusors.

Measured absorption coefficients and open window

The measured absorption coefficients for the glessl and
foam specimen are well above 1, measured with pdiffat

sors as well as with volume diffusors. Besides time #®

decrease the difference in measured absorptiorficdeats
between different laboratories, the real goal icadrse to
measure a material constant within a certain rafgagccu-
racy and precision.

The overall opinion seems to be, that the speciarea of
12 m2is large enough for the measurment resultgybie the
neighbourhoud of#.,, the absorption coefficient for an infi-
nite large sample of a locally reacting materiahigh ex-
cludes all kinds of panel absorbers). The edgeaaed effect
as described in [6,7,8,9] is then thought to betraffective
at mid-frequencies. Following this opinion this meahat at
least at the higher frequencies the absorption ficaaft
should not exceed 1.0.

In our measurements the absorption coefficients glass
wool or foam did not decrease above the mid-freqigsnto
converge to 1 (see figure 7). This leads to thestje “what
is the maximum absorption of an absorptive sampke aer-
tain size?” If we are aiming at 1.0 for the higlfrequencies,
but the maximum absorption of a certain sample &ze
higher, than we are not aiming for the material stant.
More absorption than a real open window will notreal-
ised, as all incomming sound energy escapes coahplet
from the room. A scale model gives the oppertutatyneas-
ure the absorption of an open window, by placing shale
model in an anechoic room. The absorption coeffica# the
open window appeared to be highest at the higleguéncy
range of the measurments, reaching a value of Atéhe
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lower frequency range, ths glass wool and the femangely
exceed the absorption coefficient of the open windoaybe
due to a larger length of sample size.

This is of course only a first but interesting ests. More
investigations on this point are necessary to decawclu-
sions.

The absorption coefficients of the different sarapdee also
measured in the impedance tube. However, the caionl
procedure to go from normal incidence to randonidigrece
restricts the value of the absorption coefficiamtOt96 [7].
There’s no point in relating our randon incidenceasured
values to the impedance tube measurement withaesiin
gating the side effects as edge and area effects.

Measured absorption coefficient reverberation room with
volume diffusors
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= 3c. Reverberation Room with volume diffusors - glass wool
= 3d. Reverberation Room with volume diffusors - foam
——3e. Reverberation Room with volume diffusors - carpet

3f. Reverberation Room with volume diffusors - open window

Figure 7. Measured absorption coefficients in scale
model with volume diffusors

CALCULATIONS

With the use of a raytracing model (CATT acoustic8\W0
the influence of the different diffusive elementg &vesti-
gated as well. In a raytracing program, the propageaof
sound in air is modelled as rays with a certain @mhoof
sound energy. The wave nature of sound, and threirefer-
ference and deflection are not incorporated. Diffom due
to ending elements and surface roughness is mddeitea
scattering coefficient. The interest in these dalions lies
mainly in the geometric influence of the panel whffrs on
the energy distribution.

The source positions are equal to the scale maderiera-
tion room layout. But for the microphones 11 posisiavere
chosen on a fixed layout, at least 2 m away froenttbund-
ary of the reverberation room and each other, afehat 1 m
distance to the panel diffusors. The following égufations
are calculated for the reverberation room withoiffusiors,
with panel diffusors and volume diffusors, all asopy of the
Peutz reverberation room and scale model.

1. Without specimen
2. Mineral wool 100 mm in non-aborptive frame 11.8 m?2
3. Idem but placed in the corner of the room

4. Open window in the wall, 10.8 m?2
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All the configurations are calculated three timasprder to
gain sufficient data relative to the randomness$ ihancor-
perated in the energy scattering in raytracing.

Figure 8. Overview calculation model with volume diffu-
sors and sample

For all configurations the volume diffusors shove tleast
spread in calculated results over all microphonsosrce
combinations. Figure 9 gives an overview of therage
relative standard deviation for all microphone -urse
combinations. The average is the arithmical average the
relative standard deviation of the four configimas

Calculated average relative standard deviation
RT empty reverberation room and 3 samples
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Average relative standard
deviation RT

125 250 500 1000 2000 4000
Octave band [Hz]

—— Average relative standard deviation without diffusors
—— Average relative standard deviation with panel diffusors

Average relative standard deviation with volume diffusors

Figure 9. Calculation results of the average standard de-
viation over all configurations with and withoutegpmen

CONCLUSIONS

From this investigation it can be concluded thaure dif-
fusors can be used instead op panel diffusors harese the
diffusitivity in a reverberation room. The first whtage is
the fact that with volume diffusors the real voluraad
boundary area of the room are known, contrary & dhse
with panel diffusors, as required in the currerdandards
[1,2].

From the calculation of the standard deviationtaf tever-
beration time curves at different source and micome po-
sitions in the reverberation room it is concludkdttthe use
of volume diffusors results in a higher degrediffiisitivity
than the use of panel diffusors. Furthermore it ba con-
cluded that the relative standard deviation betwbendiffer-
ent source — microphone positions as indicatethénASTM
might be a good test for the qualification of th#ugitivity
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of a reverberation room, especially with highly aipdive
specimen.

Further investigation might include the influenck kmsic
room shape, the influence of specimen position r@edm-
mendations on the size and number of volume diftusmd
number and positions of sources and microphones Abw
to quantify diffusivity remains a point for furthémvestiga-
tion. Added to that, it is not only very interegtitbut also
nessecery to investigate which value of the t@atdom inci-
dence absorption coefficent of a certain specinfenaertain
size really ought to be true.
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