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Context — From where we start...

L Many situations call for in-situ sound absorption assessment > Context & aim

. » Methods
= City soundscape

(noise barriers, road absorption...) » Measurements

» Conclusion

=  Buildings insulation
(walls, panels...)

= Pass-By Noise ISO testing
(road absorption) [ISO 10844:2011]
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L Measurement standard: ISO 13472-2:2010 » Context & aim

"|mpedance tube measurement » Methods

» Measurements

=Based on ISO 10534-2 (2 microphones)

» Conclusion

=Range: 250Hz - 1600Hz (1/3 octave)

=Uncertainties corrections to apply

9.6 The general expression for the calculation of the corrected absorption coefficient. o). is:

Af) = m(f) ~ Coystem() + 5+ 5+ 33+ &
where
() is the measured absorption;

Tsystemlf) IS the internal damping measured with the reference test object:
3, is an input quantity to allow for any uncertainty i

H
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SIEMENS
Let’s ask ourselves some questions!

1. How reliable are ISO standards?

= High frequency limit (microphones spacing) = Uncertainties?
= High frequency limit (tube geometry) = Repeatability?
= Low frequency limit (devices’ quality) = Accuracy?
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1. Develop methods taking advantages of N microphones: » Context & aim
. N(N-1) . . _
a) Per pair: 5, pairsin identical sound field;  Methods
b) gobal (no pairs); » Measurements

» Conclusion

2. Increase stability and robustness

= Sensitivity analysis of uncertainties (simulations)
=  Optimal spread of microphones

3. Testand validate for N = 3 microphones
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1. Equivalent to measuring simultaneously many impedance tubes
= Follows ISO 10534-2 and ISO 13472-2 procedures

» Context & aim

* Average the N(N — 1)/2 sound absorption results > Methods
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2. Improvement: Weighted average by each pair’s coherence > Context & aim

T
Y ay(w) * v (w) { & : Sound absorption > Methods
=1 y : Coherence
a(w) = n i : Pair index
g:l 7i(w) n : total pair number of microphone » Measurements
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Global method

O Single operation to get the absorption coefficient

= Spatial sampling (each microphone position)
= Qver-determined (more microphones than wave components)

Solution obtained in Least-square sense

nﬁn) min-1) miB mii2 mi

i
d Generalize the ISO method: Formally identical for 2 microphones
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[ Sources of uncertainties: » Context & aim
= Errors on microphones’ positions (= phase errors)  Methods
=  Uncorrelated random noise on each microphones’ amplitudes

: ) e
= Errors on microphones’ sensitivity > Measurements

O Methods of testing: » Conclusion
= Normal distribution of errors
=  Position standard deviation (std = 2mm)
= Additive Gaussian noise (std = 10% of max pressure)

= 50 averages with errors

L Add more microphones with different spread
= Linear

= Jogarithmic
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0.12
. » Context & aim
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» Context & aim
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0.12

» Context & aim

y (m)

» Methods

» Measurements

» Conclusion

04 06 08 1 1.2 1.4 1.6 1.8 04 06 08 1 1.2 14 1.6 1.8
f (kHz) f (kHz)
]- [ [ [ [ T [

0.8
= 06
s 0.4
0.2
0

D4 06 0.8 1 12 14 16 1.8 04 06 08 1 12 14 16 1.8 04 06 08 1 1.2 14 1.6 1.8

[ (kHz) [ (kHz) [ (kHz)

Restricted © Siemens AG 2013 All rights reserved.
Page 16 2014-11-06 Siemens PLM Software



1 ] ! ] .
—_— targe
0.8 b — IS
—  — CcO
206 H — L
=
Lk -
& 0.4
0.2 +
0 | | |
04 06 0.8 1 1.2 1.4
f (kHz)
1 I I I I I T
0.8
. 0.6
04
0.2
0
04 06 08 1 1.2 14 16 1.8
f (kHz)
Restricted © Siemens AG 2013 All rights reserved.
Page 17 2014-11-06

0.12

0.1

coh

0.4 06 08

0.2 0.25

10°

0.3

102
10!

= 10°

e

= 107!

o

0.4 0.6 0.8 1

1 12 14 1.6 18
f (kHz)

0.8
0.6

lsg

04
0.2
0

1.2 1.4 16 1.8
f (kHz)

04 06 08 1 1.2 14 16 1.8

[ (kHz)

SIEMENS

» Context & aim

» Methods

» Measurements

» Conclusion

Siemens PLM Software



SIEMENS

Context and aims

Methods for n microphones

Measurements 3 microphones
Conclusion and perspectives

Restricted © Siemens AG 2013 All rights reserved.
Page 18 2014-11-06 Siemens PLM Software



SIEMENS

3 microphones’ tube

AN
1 Ideal test setup to validate LSQ method:

= 3" mjcrophone beyond existing ones

=  Respect minimum distances from (cf. ISO 13472-2):
1. Source
2. Test ground

O Available test setup:
= 39 mjcrophone placed between the 2 existing ones
= Optimal positioning with regards to each coherence
= Designed to test COH method with reflective grounds
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Grass ground and rigidly-backed gravels

» Context & aim

; X k 0.5
i - i — 150
' | | Gras;s. no ;correcFlon | » Methods
o 04 o T CORIE 04
i : : ; ! ! T
8 0
go.:a ED'S » Measurements
o 0
202 002
o) o}
g K .
<o < 0] - - » Conclusion
A SN TR A AR R R S ) S S S S S S R S
200 400 600 800 1000 1200 1400 1600 1800 200 400 400 800 1000 1200 1400 1600 1800
frequency [Hz] frequency [Hz]
T T S T
: \  Gravels - No correction 15O Gravels - corrected IS0 |:
. 02 —_——— et COHML 02 10 CORL
% % : B . . . . 15
3 3 :
[ (-
O 2
a ‘o
2 o
a
< <

A R R
400 800 1000 1200 1400 14600 1800
frequency [Hz]

[,
200 400 400 800 1000 1200 1400 1600 18 200 400
frequency [Hz]

Restricted © Siemens AG 2013 All rights reserved.

Page 20 2014-11-06 Siemens PLM Software



SIEMENS

» Context & aim

» Methods

Absorption coeff.

» Measurements
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Conclusions

L LSQ method: Single operation to get the absorption coefficient
= No average of absorption coefficients per pair (potentially quite different)
= More stable, reliable and flexible:
1. Less uncertainties (more information)

» Largely spaced microphones =» Increase low frequency accuracy

2. Less sensitivity to microphones’ spacings / phase errors

3. The method allows enlarged designs for impedance tubes

d COH & LSQ methods: Identical to ISO methods for 2 microphones

[J COH method: Reduce artifacts due to coherence loss
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Next steps

 Build a new test impedance tube with largely spaced microphones
O Improve calibration procedure

(d Plane-wave approximation: tube cross-section remains a limit!

> Do some tricks:

SN

o the impedance tube?

hod removing the tube!

_::-.-:..'- [ Eend
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Inverse estimation of the properties of porous ground surfaces from in-situ sound absorption measurements

Summary

Inverse estimation method

s Cuenca, Laurent De

ck, Kevin Menino

are, Interleuvenia

Application to in-situ ground measurements

whA method is proposed for extracting a set of properties of porous ground
surfaces from acoustic impedance measurements performed in situ.

a The ground is modelled as a layer of rigid-frame porous material using 2 model
by Hamet and Bérengier, which consists of four parameters: the porosity, the
tortuosity, the flow resistivity and the thickness of the material layer.

a The parameters are estimated as the underlying set of values which provide a
best fit of model predictions onto experimental data.

@ The model fitting process is formulated as an optimisation problem and the
parameter search is automated using an optimisation algorithm.

Model

Porous ground surfaces can be modelled as rigid porows solids and approsis d by

Mpmpemu[qbKah}of:pmusglundsmﬁoemuhxmdasduset
poviding the best fit of the model onto on-site measurements of the sound

absorption coefficient, following the methodology in Ref. [2]. The measurements
may be performed using 3 standard two-microphons impedance twbe, or more
advanced methods [3].
mm:s:=1+'zma—amr'
E ’ v E o
;dnwkmmmw&hmﬁamth-
‘given set of parameters x = {&, Ko, k)
The problem is salved wsing an optimisation algorithm [4].

an equivalent flusid where a single compressional wave exists.
Phenomenclogical madel (Hamet and Bérengier [1])
Specfcmpetonce: Z:) ~ 510k
| Wavenamber: k{u) = ZALIB)
A= K (1-2) a7 (1-7=EE)
5 S = v e thrml e pencs

-#=ﬁmﬁw wthﬂ]
=K — shape factar S e i)
tﬂ'—hm 1_:_.[&.{#“1
& h = thickness of the material layer Pre .78 (Prandt number)
Normal impedance of the ground

o Ground material backed by a rigid wall: Z{w) = —iZa(w) cot(k()h)

& Ground material backed by a seftwall: Z{w) = iZylw) tan(k{w)h)

a Infinite material thickness: Z(w) = Zy(w)

) —
Efw)+ pc

Sound absorption coefficient: e{w) = 1 — [R{w)f

Reflection coefficient: Rjw) =

[1] 1F. Hamar and M. Bérengler. Amstical charscrensries of porous pavemarns: & naw phenomenological
moddl. In Internotse 83, pages S41-588, Lawvan, 1993.
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[3]L DlRfrJ.J Cuancz. and K. Maning. Imovache esimadon mahods of in-sin sound absorpeion © Bayond

=0 sandands. [n SAPEM 2004, Swmdkholm, 2014,
HKMA&B#Mmqﬂmmﬂﬁn&hﬂmmmmﬂl
approximations. SHM foorma! on Oprimiarion, 132555, 3002
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Validation on a rigid-backed gravel sample
The method is here validated on a 41 mm-thick sample of rigid-backed gravel.

u . — L
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]m 1 1 0 L L
n 5 10 15 an 400 750 1100 14500 1800
itersition number F (Hz)

The method is applied to the estimation of the properties of outdoor ground
surfaces. On-site measurements of the sound absorption coefficient are performed
on grass, gravel and asphalt.
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Figure 2:  Sound absorption cosflicent for different ground surfaces. [Same key 25 Fig. 1(d).)
Parameter Symbol Estimated value unit
Grass  ravel Asphalt

Parosity ¢ 01055 0317 0.015 -
Shape factor K 879 780 6.47 -
Flow resistivity [ 10082 167503 10407172 M.sm—*
Thicknes h - 0.024 - m
Boundary condition =) F a0

Table 2 Estimated parameters for grass, gravel and asphait.

Observations and conclusions

|} Evdltion of tha chisciiva fincrion 1d] Sewnd sbsorzeion codficent (full lne:
Eashard-docrad lina: arbirary sl pues; deshad ling:
fiztsd modal)

Figure L= Rigid-backed grawel sample and curee fit

Parameter Symbol Estimated value
Porasity & 0.158
Shape factor K 154

Flow resistivity o 36824 N-sm—
Thickness h 0.0414m

Table 1: Estimated parameters for 3 rigid-backed ample of gravel.

# A simple methodalogy has been developed for measuring a set of properties of
the upper layer of a ground surface.

a The method = applicable to a homogeneows porows ground |ayer under the
rigid-frame appresimation.

o The simplified model does not capture the full complexity of the ground, such
35 its stratified nature or itz inhomageneity. In particular, 2 more detailed
description of the boundary conditions at the interface between the tested layer
and the soil underneath is required.
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