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PERFORMANCE SPECS

Absorption Coefficient ISO
354: How much of the incident
sound is absorbed (Must be

' measured full scale).

Chairman Martijn Vercammen

{ Scattering Coefficient ISO
17497-1: How much of the
Incident sound is scattered

& (Can be measured in scale

“ and calculated). Chairman
Trevor Cox

 Diffusion Coefficient ISO

1 17497-2: How uniformly is the
Incident sound scattered (Can
be measured in scale and
calculated). Chairman Trevor
Cox




-III“III- 1SO 354 / ASTM C423-09
REPIG

Measurement empty: T, Measurement with sample: T,

Calculation of the equivalent absorption area My — Lir attenuation empty

My = air attenuation with sample

Ci2= speed of sound
V = room volume

Xs = random-incidence
absorption coefficient

sample surface area
equivalent absorption area




|I||||I| ISO 354 REVIEW OF ACTIVITIES
REPIG TC43/SC2/WE26

* Revision of ISO 354 Chaired by Martijn Vercammen (Peutz consultants, NL)
 Round Robin 2009 (Wide disparity among labs and coefficients exceeding unity)

Topics Under Discussion:
- Excess Absorption
Correcting Edge Diffraction, primarily at low frequencies

Evaluate using Eyring instead of Sabine to reduce high frequency excess
absorption

Correct for reduced mean free path (4V/S) caused by suspended diffusers
and not accounted for in current calculations

- Proposed boundary diffusors

- Reproducibility
- Calibration of rev rooms using a reference absorber (reflector)

M.L.S. Vercammen, ISRA Proceedings 2010, Melbourne, Australia




AN INCONVENIENT TRUTH

e 13 |laboratory round robin

Sample 1
large volume

small volume

Lab1
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Lab 9

mm, density 44 kg/m3, _
ooden perimeter frame.
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Lab 12

Lab 13

frequency
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ISO 354 2009

M.L.S. Vercammen, ISRA Proceedings 2010, Melbourne, Australia




FIBERGLASS COMPARISON

1" Fiberglass
12

0.8
0.6

0.4

Absorption Coefficient

0.2

125 250 500 1000 2000 4000
Frequency, Hz

=+—Brand X =m=Brand Y Brand 7 ===RPG =+=0C 6 pcf

IM 6 pcf

2" Fiberglass

1.2

=

0.8 v

0.6

0.4

Absorption Coefficient

0.2

125 250 500 1000 2000 4000
Frequency, Hz

=+—=Brand X =B=Brand ¥ Brand 7 ===RPG ==0C 6 pcf IM 6 pcf




'|I|II|I|'
rlprlc EDGE EFFECT

* This is related to the wavelength relative to
the dimensions of the sample.

The absorption of a finite sample is
composed of the absorption of an infinite
sample « and a factor (5 multlplled by the

edge Iength E.

The graph shows the beta
from experimental and
theoretical studies

A. de Bruijn, The edge effect of sound absorbing materials “revisited”, NAG 2007
Y. Kawai and H. Meotoiwa, Acoust. Sci. & Tech. 26, 2 (2005)




-IIIIIIII- SABINE, EYRING AND MFP
REPIEG ’

Clouds reduce the mean free path which is the basis
of the Sabine equation

One may correct the shorter mean free path
occurring with clouds using a ray tracing program
and correct the volume V = MFP*S/4

A calculation indicated 12% lower absorption
using this reduced volume

Use of Eyring instead of Sabine, might prevent the
high frequency excess above 1 (Error estimated at

M.L.S. Vercammen, ISRA Proceedings 2010, Melbourne, Australia




RI P IG BOUNDARY VS CLOUD DIFFUSERS

With boundary diffusers, the known volume behind the diffusers can be
subtracted to determine the correct room volume, V

Shadowing caused by hanging clouds is eliminated
The correct room surface area, S,, can be used

Boundary diffusers result in higher diffusivity and standard deviation between
mic-speaker pairs

M.R. Lautenbach, M.L.S. Vercammen, Proc. 20" ICA, Sydney, Australia (August 2010)




CEILING CLOUDS VS.

BOUNDARY DIFFUSERS




STANDARD CALIBRATION

REFERENCE

Use of a standard absorber is proposed to calibrate measurement
results of other samples and insure reproducibility among labs

D’Antonio has proposed use of a non-absorbing reference
reflector of the same area & perimeter to calibrate a reference
zero absorption and the use of Eyring instead of Sabine
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.llllllll- SCATTERING COEFFICIENT
REP IG ReELATIONS: ISO 17497-1 N\

s M

on stationary table ° S

Absorption coefficient o = 55_3! 1 — 1 — av
C,T, ¢CT

Absorption coefficient
on rotating table

Scattering coefficient

V is the volume of the reverberation room Reverberation | Test sample
S is the area of the test sample time
C 1,34 4are the speed of sound in air during the

2

m , , 34 4 are the energy attenuation coefficient of
air in m'* during the measurement of Ty, T,, Tyand

T especively




SPECULAR SEPARATION
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41 48 55 62 69 686 693 70 707 71.3 72
No change with: ]

orientation '

" Frequency below the ;
onset of scattering

Orientation 1

©
o
E
o))
(7]
c
o
o
(7]
()
}
()]
0
3
o
£

18 20 200 202 204 206 208 210

Time [ms] Orientation 2




-III“III- IMPROVEMENTS
REPIG

 Dual source/Multiple-mic Standard calls for two sources and 6
simultaneous measurement microphones

method

— Conventional measurements
with two sources and 6
microphones results in long
measurement times

If you are using a 3 sec MLS
this results in a measurement
time of 43 min (3s X 72 X 2 X
6)/60) for each rotating table
measurement with and without
sample, plus the traditional
stationary table measurements

In larger chambers where a

longer MLS is required these _ N _
times are much longer — Brian Rife will describe the dual

By using a dual source and source theory in a presentation
simultaneously measuring the later in the session, as well as the

6 mics this time Is reduced to - - .
3.6 min (3x72)/60) each relatlo_nsh!p betwe_er_1 the scattering
and diffusion coefficient




COMMISSIONING: SINUSOID
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COMMISSIONING: PERIODIC
BATTENS

©-RPG (round, 1/1.13 scale)
&RPG (square, 1/1.13 scale) -
|—Sakuma 2009 (round, scale 1/4)| /.~ 2
-+ Table scattering Y.
I---1S0 table tolerance

o
(00

o

o

)
-
0
O
e
Y
)
o)
O
O
-
pu
()
el
el
©
oV
)

250 ‘ ‘ 1k i
Frequency [Hz]




FLUSH 2D DIFFUSORS
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LIMITATIONS:
FOOLED BY REDIRECTION
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Figure .21 Top: the polar responsss for a Plane surface and — — —a Rotate
plans surfaca,
Biottom: the diffisdon and scattering coefflclent frequency responses:
Correlation scattering coefficlent; and
Mormalzed diffusion coefficlent rotated plane surface (ad  ed
from Cox and D" Antondo®).

Measure arrays rather than single objects




'IIllllll' LIMITATIONS:
REPIG SAMPLE MOUNTING

turntable

Measure either a circular
sample with a rigid
circumference or

A square sample flush
with the plane of the
rotating table, which is

Incorrect more convenient for full
scale commercial
samples

Scattering coefficient

2000 3150 5000
f (Hz) Circular




'IIllllll' LIMITATIONS:
REPIG SAMPLE HEIGHT

h <= d/16 Example: If d=24", h=1.5"

Make sure the height does not
exceed the table diameter d/16




LIMITATIONS:
1D vs 2D
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ISO produces higher values for anisotropic (1D) surfaces
and may not differentiate between 1D and 2D surfaces




|| |
IIIIIIII CORRELATION SCATTERING
REPIEG

COEFFICIENT

4000 Hz (1/3-octave band) S, Can be dete.rmined from the
cross correlation of the sample
(red) and reflector (blue) polar
responses

P, IS the pressure scattered from
the test surface

P, IS the pressure scattered from
the flat surface

denotes complex conjugate

0, the receiver angle of the ith
measurement position, and

n is the number of measurements
In the polar response




.IIIIIIII.
REPIG

SPECULAR ZONE- ENERGETIC
SCATTERING COEFFICIENT

The specular zone or energetic
scattering coefficient, s_,, can be
obtained from polar responses

Espec IS the energy in the specular zone
of a polar response

E. iy IS the total energy under the polar
response

s, Will consider edge diffraction and
surface roughness as diffusion
specular zone
E To eliminate the edge diffraction, one
total can subtract s_(r) of a reflector of similar

size from s, (d) of a diffusing surface
S, (d)—s,,(r) S

- Then normalize by [1-s_(r)], to provide a
[1_ Se; (r)]

normalized specular zone scattering
coefficient, s

n,sz




SCATTERING VS DIFFUSION

177 mm period = structural wavelength
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The batten polar response at the structural wavelength frequency of 2000 Hz illustrates
why the scattering coefficient is high in that energy is scattered away from the specular
zone. It also shows why the diffusion coefficient is poor and non-uniform




-IIIIIIII- SCATTERING SILLINESS
REPIEG

Here is an example of data
presented in a specification

At 3150 Hz, the absorption
coefficient is 0.87, which means
there is 13% of the incident energy
left to be scattered

The scattering coefficient, which is
iIncorrect according to 1SO 17497-
1 because absorption is greater
than 0.5, i1s 0.53

Therefore, 6.9% of the energy is
scattered in non-specular
directions

And the product is called an
absorber and diffuser!




DIFFUSION COEFFICIENT:

: (210“ D)2 —izi;(lo“ oy
HQHH_MWHW TR

i=1

iy

i \___;l

J/_ﬁw“‘-“

E _ ___\anthout normailzation

— i

-\.

A
5 v

Difusion

J-"vlu:-'rul zed

Mormalzed
. S

Freguency

Srequency



EXTRACTION OF
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Hemicylinders 3 periods 90’ Incidence

Diffusion Coefficient Normalized Coefficient
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Presentation template

The Diffusion Coefficient
measured in free space includes
contribution from:

— Surface topology
— Edge Diffraction

To remove the edge diffraction,
we calculate
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'|I|II|I|' IMPROVEMENTS:
REIPEG GoNIOMETER OPTIMIZATION

Specular zones for 30, 60, 90, 120 & 150° Given:

- L, W, H of measurement room
(5) 120x120 mm samples
369 specular zone
(7 mics normal incidence)
4 ms minimum reflection free zone in impulse
response

Find:

- Specular Zone for all angles of incidence
Reflection Free Zone (RFZ) for all angles of
incidence
Optimal Speaker radius
Optimal Mic radius

Result:

- Allowable sample width increased by 40% with
no widening of specular zone
Reflection arrivals are balanced to arrive at least
2 ms after direct sound and approximately 2 ms
before room reflections




|| |
- I“I i IMPROVEMENTS:
RIPIG 1983-1993: SINGLE Mic, FULL SCALE
1994: MULTIPLE MICS, 1:5 SCALE

Single microphone was moved 37 times at MLS stimulus
5 degree angular increments to collect 37 emitted 37
impulse responses. times with

_ automatic
TEF was set to automatic delay and sequential
operator had to run into the reflection free
zone, move the mic and run out of the
RFZ!! The precursor to P9OX!

microphone
switcher




201 1: SIMULTANEOUS

-IIIIIIII- IMPROVEMENTS:

MEASUREMENTS ‘ ‘ zop ” "hh ;

32 channels of preamps ' microphone switcher

ii ooooooooooo
32 channel simultaneous ha
recording of scattered sound
using an MLS stimulus

32 simultaneous MLS
measurements reduces
measurement time to 3 s for each
sample, background and reference
reflector

Impulse responses are obtained
by deconvolution with MLS
stimulus

Automatic data reduction to
subtract background, deconvolve — Emees= e
mic/speaker response, gate — reflected
scattered sound and generate e slgnas
polars and diffusion coefficient T

_ T
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DECONVOLVED IMPULSE
RESPONSES
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SENSITIVITY
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'IIllllll' LIMITATIONS:
REPIG SPECULAR ZONE

EPECULAR ZOME

A specular zone occurs because we can never practically be in the far field

There is a compromise between minimizing the specular zone and measuring a
sufficiently large array to account for grating lobes

After 4 periods, periodicity effects are minimized

Goniometers should be designed to measure 4 periods and maintain 80% of the
mics outside the specular zone (36° specular zone)




LIMITATIONS:
BOUNDARY PLANE MEASUREMENT

Extruded Mon-axtruded
samphe Sample

Mic, Source Mic. Sournca
L — 2 —
Real test configuration Real test configuration

Extruded Mon-extruded
samplhe Sample

Mic. Source Mic. Source
L L L ®

Image source equivalent Image source aquivakent

Distance Constraints

i

Test

sample Mic  saurme
28 -

s

Figure 4.7 Top row: boundary plane measurement and below that the equivalent image
source configuration. Left column: extruded sample: right column: non-
extruded surface. The insert shows distances used for calculating maximum
frequency.

Boundary measurement includes mirror image
sample. Not a problem in anechoic chamber




-IIIIIIII- DIFFUSION DECEPTION
REPIEG

* The diffusion industry has grown since the early 1980s and there
are many products on the market claimed to be diffusers

There is evidence, however, that some published diffusion
coefficients are fabricated and/or polars are improperly interpreted

If polars are actually measured,

it is for 1 unit, instead of an array as
required in the standard to

account for grating lobes

Therefore, you should request the complete normalized diffusion
coefficients, with polars for 4 samples and reference reflector and
a photo of the measurement setup!




.IIIIIIII.
REPIG

.. THIS IS ONLY THE BEGINNING!




