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1 Introduction 

Two normalized methods are currently used to characterize 

sound absorbing materials. The first one, namely the imped-
ance tube method, allows the measurement of the sound ab-
sorption coefficient under plane waves and normal incidence 

only.  The samples used are small and possibly not repre-
sentative of the whole material. The second method is the re-

verberant room method and provides diffuse field sound ab-
sorption coefficient on large samples. A large surface of ma-
terials and specific mounting conditions are required as well 

as a room with minimum volume (over 150 m3). The results 
are often overestimated (larger than unity) and show poor re-
producibility. 

Researchers seek to develop more reliable methods, that 
can also address in situ like conditions. In particular, a  sound 

field reproduction approach was proposed by Robin et al., 
2019 and estimates the absorption coefficient of materials un-
der a synthetized acoustic field, using a virtual sound source 

array. Results show good agreement with Transfer Matrix 
Method simulations and need no specific mounting of the 
samples. Results are not overestimated and in situ measure-

ments are possible. However, results are biased under 
400 Hz, due to two reasons: the use of a simplified spherical 

wave propagation model, and measurements uncertainties, 
mainly concerning microphone or source positions [1].  

This article suggests improvements of this method by us-

ing an automated test bench to reduce the measurement un-
certainties, a  more general propagation model, namely Al-
lard’s model and an advanced post-processing technique.  

 

2 Measurements and post-processing method 

2.1 Experimental measurements 

An automated test bench allowing a point source to be moved 

along a plane above the surface material has been developed 
and measurement uncertainties minimized. Measurements 
were done on five different materials in a semi-anechoic 

room, with a virtual array of 49 sources separated by 15 cm 

in each (x-y) direction, a source height 𝑧𝑠 of 30 cm above the 
material and two microphones placed at 𝑧𝑟1 = 5  cm and 

𝑧𝑟2 = 10 cm above the sample, respectively.  

Transfer functions between the two microphones 𝐻12 =
𝑝2/𝑝1 (𝐻1 estimator) are then calculated for each source po-
sition. 
 

 
Figure 1: Automated test bench, virtual source array and geomet-

rical parameters of the method. 

2.2 Post-processing technique 

2.2.1 Identification of materials parameters  

An advanced post-processing technique is suggested using 
the automated test bench measurements and the Allard theo-

retical model of sound propagation above a material [2]. 
From this model, the total sound pressure at a  given micro-

phone and at angular frequency 𝜔 follows equation 1. 
 

𝑝𝑡𝑜𝑡(𝑟, 𝑧𝑟; 𝜔) = j𝜔𝜌0[
𝑒−𝑗𝑘0𝑅1

𝑅1

−
𝑒−𝑗𝑘0𝑅2

𝑅2

 

+ ∫
2𝜌𝑚

𝜌𝑚𝜈0 + 𝜌0𝜈𝑚 tanh(𝜈𝑚𝑑)
𝑒−𝜈0 (𝑧𝑠 +𝑧𝑟)𝐽0

(𝑘𝑟)𝑘𝑑𝑘 ]
∞

𝑘=0

  
(1) 

 

with, 𝜌0, the air density,  𝑅1, the distance between the real 

source and microphone , 𝑅2, the distance between the image 

source and microphone, 𝜈0 = √𝑘2 − 𝑘0
2, 𝜈𝑚 = √𝑘2 − 𝑘𝑚

2 , 

𝑘0, the acoustic medium wavenumber, 𝑑 , the material’s 
thickness, 𝑟, the distance between the real source and micro-

phone along the material’s surface and 𝐽0(𝑘𝑟), the zero order 
Bessel function.  

The idea followed here is to recover the frequency-de-

pendent, complex density ρm and complex wavenumber km of 
the material by inverting Allard’s model. The fmincon 

Matlab function is used to minimize a cost function, which is 
the sum of squared differences between the measured transfer 

functions 𝐻12 on the test bench and those predicted by Al-
lard’s model over all point source positions of the virtual ar-
ray, as in equation (2).  
 

(𝜌𝑚, 𝑘𝑚) = min (∑|𝐻12𝑇𝑒𝑠𝑡𝐵𝑒𝑛𝑐ℎ,𝑖 − 𝐻12𝐴𝑙𝑙𝑎𝑟𝑑 ,𝑖|
2

𝑖
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2.2.2 Plane wave sound absorption coefficients  

Using estimated ρm and km values and under a plane wave as-

sumption, the sound absorption coefficient for a given inci-

dence angle 𝜃  is calculated with the usual equation. The 
sound absorption coefficient under a diffuse acoustic field 
is obtained by averaging the oblique sound absorption coef-

ficient over angles 𝜃 between 0 and 𝜋/2. 
 
 

3 Results and discussion 

In this paper, results are only provided for a single material 

(2-inches thick melamine sample with 1.8 m ×2.5 m sur-
face). 

 

3.1 Test bench uncertainties 

The measurement uncertainties on the geometrical parame-

ters, in particular on microphones and sources positions, are 
limited and show small impact on the results. The automation 
allows more reproducible and faster tests compared with pre-

vious works in which the source was manually translated [1].  
 

3.2 Allard’s model inversion to obtain complex 

density and complex wavenumber  

Figure 2 shows the optimized acoustic quantities ρm and km 

obtained with the Allard’s model inversion based on 10 meas-

ured transfer functions 𝐻12, those obtained with the imped-
ance tube method and those predicted by the Johnson-Cham-
poux-Allard (JCA) model. The results derived from the test 

bench shows good agreement with the impedance tube data 
and JCA model, but below 700 Hz, a few peaks are observed 

certainly caused by the presence of the test bench.  
 

 

Figure 2: Complex density and complex wavenumber, methods 

comparison.  

3.3 Absorption coefficient 

Figure 3 shows the estimated absorption coefficients ob-
tained under normal plane wave, oblique plane wave and dif-
fuse field incidence. Impedance tube tests are used as a com-

parison for the normal incidence [1]. The results obtained 
from the Allard’s model inversion agree with the impedance 

tube results, as well as with the JCA model. Diffuse field ab-
sorption coefficients obtained with the proposed approach are 
in good agreement on the whole considered frequency range 

[1]. Abnormal absorption peaks are observed (same as for the 
complex density and wavenumber). 
 

 
 

Figure 3: Absorption coefficient, methods comparison. 

4 Conclusion  

A method for estimating the absorption coefficient of absorb-
ing materials for normal, oblique, or diffuse field incidence 
has been presented. The method is closer to real conditions, 

more reliable and provides improved results in the low fre-
quency domain. This article proposed the automation of a test 

bench and reduced measurement uncertainties.  
An improved post-processing technique using the Al-

lard’s model inversion shows encouraging results for the mel-

amine sample, especially in the low frequencies. Tests on 
other materials (glass wool, rock wool, recycled cotton and 
PU foam, not shown here) show consistent results too. How-

ever, spurious peaks were observed below 700 Hz, certainly 
caused by diffraction or reflection effects on the test bench’s 

sides or of the semi-anechoic room.   
Another method using sound field reproduction and a 

power definition for the absorption coefficient is currently 

being tested.  
 

Acknowledgments 

This research was supported by Institut de recherche Robert-

Sauvé en santé et sécurité du travail (IRSST).  
 

References  

[1] O. Robin, A. Berry, C. Kafui Amédin, O. Doutres et F. Sgard, 

“Laboratory and in situ sound absorption measurement under a syn-

thetized diffuse acoustic field”, Building Acoustics. 26(4), 223-242 

(2019). 

[2] J.-F. Allard, W. Lauriks, C. Verhaegen, “The acoustic sound 

field above a porous layer and the estimation of the acoustic surface 

impedance from free-field measurements”. The Journal of the 

Acoustical Society of America . 91(5),3057-3060 (1992). 

Canadian Acoustics - Acoustique canadienne Vol. 50 No. 3 (2022) - 69


