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ARTICLE INFO ABSTRACT

Communicated by Annie Ross This paper proposes a framework for the estimation of the transport and elastic properties of

S - - - - - open-cell poroelastic media based on sound absorption measurements, The sought properties are
Keywords: the Biot-Johnson-Champ Allard model , namely five transport parameters, two
Poroelastic m.edx'a . elastic properties and the mass density, as well as the sample thickness. The methodology relies
Parameter estimation on a multi-observation approach, consisting in combini multiple ind ds
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Model and setup
Porous material model Unknowns

Johnson-Champoux-Allard-Lafarge model
e.g. with log-normal pore-size distribution parameterisation*

2 _ X = {¢: §7 O'S}
¢ = elosto2)? A=35¢75/2 Ko = g°
Qo =¢* N =5 ko= Bl g

* Horoshenkov, Hurrell, Groby. JASA 145 (2019) 2512
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Statistical model

ameas(w) =  ow,x) —|— e(02) x: unknown parameters.
o:2: unknown error variance

M /\/\wmm

measurement model error
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(o= unknown error variance
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Statistical model

™S (w) - a(w,x) = e(oe)

M /\/\wmm

measurement model error

Likelihood:

( meas

P Pe |

5/13 J. Cuenca (jacques.cuenca@siemens.com) Statistical characterisation of foams

Numerical tests

Experiments Closing remarks

x: unknown parameters
o<2: unknown error variance



Introduction

Statistical model

ameas(w) —
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Statistical model

ameS () — alw,x) = e(oe) X: 2unknown parameters
oe“: unknown error variance
meas — p— .
T (w) 7(w, x) w(ow) ouzz unknown error variance
M /\/\ atnlieinang
measurement model error
Likelihood: Posterior:

P(ameas|x) = PE I j P(x|ameas’ 7_meas) o~ P(ameas|x)P(TmeaS|x) P(X)

Posterior Likelihood Prior

P(rm=|x) = P, |
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Statistical model

ameS () — alw,x) = e(oe) X: 2unknown parameters
oe“: unknown error variance
meas — p— .
T (w) 7(w, x) w(ow) Uu2? unknown error variance
M /\/\ atnlieinang
measurement model error
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Likelihood: Posterior:

m exp(—%eTrgls)

Pamx) = P | = Wodt ey P(x]a", 7)o P(a™ P x) P(x)
o et(lc
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e (w) - alwx) = e(oe)
M (w) - T(wx) = mlow)
M /\/\ atnlieinang
measurement model error
(Gaussian)
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x: unknown parameters
o<2: unknown error variance

a2 unknown error variance

P(x): uniform prior

P(X|ameas’ 7_meas) < P(ameas|x)P(TmeaS|x) P(X)

Posterior

exp(—%uTrflu)

(2m)N det(r ;)

P(rm25]x) = Py | =
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Solution strategy
Posterior Unknowns

X = {¢a 5,0s, Ua’a'u}

202 202, (Hyperparameters o< and o, have uniform

(2mo202 )(MiN) hyperpriors)

xp (_ Shelem —am@[? _ zﬁzllrweatmxnz)
P(x)

P(X‘ameas’ 7_meaS) —
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Solution strategy
Posterior Unknowns

X = {¢a 5,0s, Ua’a'u}

202 202, (Hyperparameters o< and o, have uniform

xp (_ Zhlom ™ —am@)|? _ zﬁzllrweatrn<x>\2)
P(x) .
(2mo202 )(MiN) hyperpriors)

P(X‘ameas’ 7_mea\S) —

1. Sampling of the posterior

Metropolis-Hastings algorithm with adaptive proposal*

= Markov chain = approximation of target distribution )

* Haario, Saksman, Tamminen. Bernoulli 7 (2001) 223-242
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Solution strategy

Posterior

2
202 202,

exp(_ S o —ame® zﬁzllrreatrn<x>\2)
P(X‘ameas’ TmeaS) - P(X)
(2722 )(M+N)

0. Initial estimate
Deterministic solution using differential evolutiont

x(lnlt) = arg min (Z |ameas — am X)| Z | meas T (X)‘ )

x:P(x) p—t

1. Sampling of the posterior

Metropolis-Hastings algorithm with adaptive proposal*

= Markov chain = approximation of target distribution )

T Storn and Price. J Global Optim 11 (1997) 341-359
* Haario, Saksman, Tamminen. Bernoulli 7 (2001) 223-242
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Solution strategy

Posterior

2 2
202 202,

xp (_ Zhlom ™ —am@)|? _ anzllTTe“frnm\z)
P(X‘(Xmeas) 7_I”ﬂeaS) - P(X)
(271'0’%0’%L)(M+N)

0. Initial estimate
Deterministic solution using differential evolutiont

M N
X arg min (Z |a:eas _ am(x)|2 , Z |7-:Eas _ T,,(X)‘Q)

xP()  \m=1 =1

1. Sampling of the posterior

Metropolis-Hastings algorithm with adaptive proposal*

= Markov chain = approximation of target distribution J

T Storn and Price. J Global Optim 11 (1997) 341-359
* Haario, Saksman, Tamminen. Bernoulli 7 (2001) 223-242
Statistical characterisation of foams
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Unknowns

X = {¢’ 5,0s, Us’a'u}

(Hyperparameters o and o,, have uniform
hyperpriors)

2. Post-processing

Point estimates, e.g.:
® Maximum a posteriori estimate x(MAP)
¢ Conditional mean estimate x(CM)
® Median estimate x(med)

Uncertainty ranges:

® Credible intervals (e.g. 95%)
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Numerical example 1: compatible model

Simulated material (thickness = 40 mm) Unknowns
Johnson-Champoux-Allard-Lafarge equivalent fluid Pore-size distribution model parameters
1) Qoo A N /N Ko K B
095 2 100um 2 05-10°m2 4-109m? x={9.5,05}
! 0.3
08 Y
<06 < 02
T 04 e 001?
O-; 0.05
0 1 2 3 4 80 100 120 140
f (kHz) f (kHz)
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Simulated material (thickness = 40 mm) Unknowns
Johnson-Champoux-Allard-Lafarge equivalent fluid Pore-size distribution model parameters
1) Qoo A N /N Ko K (6,5,00)
X = 5,0
095 2 100 pm 2 0.5-10°m? 4.10"9m? (e
Results
1
08 _ ox
< 06 < 02
< 04 \E Obli
0.2 0.05
0
0 1 2 3 4 80 100 120 140
f (kHz) f (kHz)
06 07 08 09 150 160 170 180 058 0.59 0.6 0.61 0.62
6 () 5 (pm) s ()
—— Impedance tube
— Ultrasound
—— Hybrid
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Numerical example 1: compatible model

Simulated material (thickness = 40 mm)
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Results
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Pore-size distribution model parameters
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Numerical example 2: incompatible model

Simulated material (thickness = 40 mm) Unknowns
Johnson-Champoux-Allard-Lafarge equivalent fluid Pore-size distribution model parameters
b s A N /A Ko ) _
095 1.9 100um 21 05-10°m? 4-10~°m? x=1{9,5,05}
1 05
08 0.4
< 06 < 03
T 04 T 02
02 01
0
0 1 2 3 4 80 100 120 140
f (kHz) f (kHz)
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Numerical example 2: incompatible model

Simulated material (thickness = 40 mm) Unknowns
Johnson-Champoux-Allard-Lafarge equivalent fluid Pore-size distribution model parameters
1) Qoo A N /N Ko K
x={o,5,
095 1.9 100pm 21 05-107%m? 4.10°m? {9,505}
Results
1 0.5
08 0.4
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0
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—— Impedance tube
— Ultrasound
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8/13 J. Cuenca (jacques.cuenca@siemens.com) Statistical characterisation of foams




Introduction Model and setup Inverse problem Numerical tests

Numerical example 2: incompatible model

Simulated material (thickness = 40 mm)
Johnson-Champoux-Allard-Lafarge equivalent fluid
1) Qoo A N /N Ko K
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Unknowns
Pore-size distribution model parameters

X = {¢7 §7 O'S}
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0.58

Z 0575
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Pareto front

Example 1 Example 2
0.087
0.1
0.0865
0.09 o
X
= 0086
0.08 X
g 2. o0mss
Ec N
E 0.07 -
=2 |
=[] T o
0.06
0.0845
0.05
: : ‘ , 89e-05  9e-05  91e05 9205
0 0.05 0.1 0.15 ,
ud meas 2
2 [ = am(x)|
" o~ =
m=1

Model is incompatible with both datasets

Model is compatible with data .
simultaneously
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Setups
Sound absorption measurement Measured data for a sample of melamine foam
1 ; ‘
08 f
—~ 06
S 047
02t
0
0 1 2 3 4
f (kHz)
Ultrasound transmission measurement
] —~ 04
s 02
s 0
~ 02
= 04
0.1 0.2 03 0.4 0.5
t (ms)
~ 05y . . . ‘ ‘ .
2 03¢ ]
& 02t 1
© 0lp 1]
0 50 100 150 200 250 300
f (kHz)
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Preliminary experimental results

Tested material

Melamine foam

Thickness = 50 mm (impedance tube)
Thickness = 50 mm (ultrasound)

1
0.4
0.8
< 06 =
T - s 0
< 04 *+
02 -0.2
) -0.4
0
0 1 2 3 4 01 02 03 04 05
f (kHz) t (ms)
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x = {¢, aco, A, '/, 0, K}
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Preliminary experimental results

Tested material /\ / * Unknowns

Melamine foam — Johnson-Champoux-Allard-Lafarge model
Thickness = 50 mm (impedance tube)

. ¢ (-)
Thickness = 50 mm (ultrasound) D

Res?lts

g ————— . :
0.8 gg oo (-)
0.6 )
T 04 [
0.2 02 .
- 04
1

0935 0.94 0.945

x = {¢, aco, A, '/, 0, K}

f)

(Gl
=

100120 140 160 180 200 220

0
0 2 3 4 01 02 03 04 05 A (pm)
f (kHz) t (ms) /\ | l
~— Impedance tube A ! !
— Ultrasound
Hybrid 18 2 22 24

18 20 22 24 26 28 30
o (kN-ssm~*)

M J

200 300 400 500 600
k§ (10-°m?)
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Preliminary experimental results

Tested material /\ / *

Melamine foam —
Thickness = 50 mm (impedance tube)

. ¢ (-)
Thickness = 50 mm (ultrasound) D

0935 0.94 0.945

Results
1 — = 1 12 14 16 18
08 s (5)
< 06 =
T 04 = k I l
0.2 - -
0 1 L 100120 140 160 180 200 220
0 1 2 3 4 01 015 02 025 A (pm)
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~— Impedance tube /_\ | l
— Ultrasound
Hybrid 18 2 22 24
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=
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Preliminary experimental results

Tested material /\ / * Unknowns

Melamine foam — Johnson-Champoux-Allard-Lafarge model
Thickness = 50 mm (impedance tube)

. ¢ (-)
Thickness = 50 mm (ultrasound) D
18—

0935 0.94 0.945

x = {¢, aco, A, '/, 0, K}

Results e
1 ——— 1 12 14 16 18 =
0.8 aco (-) 4 12
E 1T ==
— 220 T
S 0.4 = L\ 200
0.2 E 180
0 1 | 100 120 140 160 180 200 220 %
0 1 2 3 4 01 015 02 025 A (um) Y
f (kHz) t (ms) /\ | l 24
~— Impedance tube — . E 22
—Ultra_sound 18 2 22 24 <8l e |s &
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/N () ~ 30
128
A l £ 26
@ 24
Al Z 2| —
. B ) - -
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T 400
nJ i
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Preliminary experimental results

Tested material

Melamine foam

Thickness = 50 mm (impedance tube)
Thickness = 50 mm (ultrasound)

Results
D |
0.8
< 06 =
T 04 =
0.2
0 1 .
0 4 01 015 02 025
f (kHz) t (ms)
~— Impedance tube
— Ultrasound
— Hybrid
Reconstruction error
02 04 06 08 1 2 14
0. (x1073)
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0935 0.94 0.945

100 120 140 160 180 200 220
A (pum)

=

18 20 22 24 26 28 30
o (kN-ssm~*)

M J

200 300 400 500 600
k§ (10-°m?)
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Unknowns
Johnson-Champoux-Allard-Lafarge model

x = {¢, aco, A, '/, 0, K}

P 200 |~ = || W RIS RIAW A3

0.9350.940.945 1 1.21.41618100204060820020 1.8 2 2.2 2.4 1820224262830
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More experimental data

may introduce

reduces parameter
non-uniqueness

correlation

4

Future work
® Characterisation of individual samples
= circumvent inhomogeneity

® Multi-objective Bayesian approach for
the design of locally-resonant media:

Objective vs. subjective criteria




Acknowledgements

Dr. Timo Lahivaara
University of Eastern Finland, Kuopio, Finland

Prof. Peter Goransson
KTH Royal Institute of Technology, Stockholm, Sweden

European Commission's Horizon Europe research and innovation programme
Grant agreement No. 101072415

13/13 J. Cuenca (jacques.cuenca@siemens.com) Statistical characterisation of foams




	

