
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Flow resistivity estimation from practical absorption coefficients of fibrous absorbers

Jeong, Cheol-Ho

Published in:
Applied Acoustics

Link to article, DOI:
10.1016/j.apacoust.2019.107014

Publication date:
2020

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Jeong, C-H. (2020). Flow resistivity estimation from practical absorption coefficients of fibrous absorbers.
Applied Acoustics, 158, [107014]. https://doi.org/10.1016/j.apacoust.2019.107014

https://doi.org/10.1016/j.apacoust.2019.107014
https://orbit.dtu.dk/en/publications/462c23ca-d49c-4310-a9c8-7cba7b2394a3
https://doi.org/10.1016/j.apacoust.2019.107014


1 
 

A revised technical note submitted to Applied Acoustics 1 

 2 

 3 

Flow resistivity estimation from practical absorption coefficients of fibrous absorbers. 4 

Cheol-Ho Jeong 5 

Acoustic Technology, Technical University of Denmark, 2800 Kongens Lyngby, Denmark 6 

chj@elektro.dtu.dk  7 



2 
 

Abstract 8 

There are useful conversion methods from Sabine absorption coefficients according to ISO 354 to 9 

other acoustic properties for room boundaries, e.g., surface impedance or flow resistivity. However, 10 

most available sound absorption coefficients are practical absorption coefficients, which are simplified 11 

according to ISO 11654 from the Sabine absorption coefficients and widely used by absorber 12 

manufacturers as their absorbers’ performance indicators. In this study, practical absorption coefficients 13 

are used to inversely characterize the flow resistivity via reliable models. 15 absorber samples with 14 

varying mounting conditions are used for validating the flow resistivity estimation, having a wide flow 15 

resistivity range of 10 to 110 kNsm-4. As expected, the practical absorption coefficients are found to be 16 

less reliable input parameters for estimating the flow resistivity, but with more datasets, the degradation 17 

becomes insignificant compared to the Sabine absorption coefficients. The estimated flow resistivity 18 

will be a valuable parameter to predict the absorption characteristics of different thickness and mounting 19 

conditions.  20 

 21 

Keywords: flow resistivity; fibrous materials; Sabine absorption coefficients; practical absorption 22 

coefficient; inverse characterization 23 
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1. Introduction 26 

The absorption properties of sound absorbers are mostly characterized in reverberation chambers by 27 

measuring two sets of the reverberation times of an empty and occupied condition, resulting in the 28 

Sabine absorption coefficients, αSab, in the 18 one-third octave bands centered from 100 Hz to 5000 Hz 29 

[1]. The 18 absorption coefficients in the one-third octave bands are averaged into the corresponding 30 

octave bands and further simplified by truncations and rounding, resulting in the practical absorption 31 

coefficient, αp [2]. The main reason for the truncation is the fact that the Sabine absorption coefficients 32 

can be higher than unity due to the finiteness of a sample [3,4] and individual chambers’ non-diffuse 33 

condition [5-11], which is unphysical.  34 

Manufactures of sound absorbers normally prefer simplified metrics, such as practical absorption 35 

coefficients or single-value ratings based on the practical absorption coefficients that are called the 36 

weighted sound absorption coefficients [2]. Practical absorption coefficients can be used in room 37 

acoustic simulations to represent the acoustic properties of the boundary surfaces, but only possible in 38 

energy-based geometrical acoustics simulations. In wave-based methods and phased geometrical 39 

methods, complex-valued coefficients, e.g., surface impedance or pressure reflection coefficients, are 40 

needed. Therefore, some useful conversion methods have been suggested in the literature [12-14]. In 41 

this study, the estimation of the flow resistivity, σ, is of the main interest, particularly using the practical 42 

absorption coefficients as input data. This study uses four different absorption models to compare their 43 

performances in extracting the flow resistivity, together with two input absorption data sets, αSab and αp. 44 

Once the flow resistivity is extracted, this information can be useful to estimate the absorption properties 45 

of different thickness, different air backing conditions, and other multi-layered absorber configurations, 46 

which the absorber manufacturers do not provide directly.  47 

 48 

2. Methods 49 

Four flow resistivity estimation models are tested using 15 absorption coefficient datasets. The four 50 

models consist of two finite size corrections and two different ways to account for the room’s influence 51 

on the absorption coefficients. The measured flow resistivity information of the tested absorbers 52 
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according to Method A in ISO 29053 [15] is provided by the manufacturer, SG Ecophon. Note that all 53 

the absorption coefficients are measured in the same reverberation chamber. 54 

 55 

2. 1. Absorption models  56 

Four absorption models that can account for the finiteness of the samples and reverberation chambers’ 57 

effects are used and more details of the models can be found in Refs. [9,10,14]. The first model, named 58 

as Model 1, uses the radiation impedance suggested by Thomasson [3] with a frequency-dependent 59 

room correction [10] and Model 2 has a frequency-independent room compensation [9] as shown in Eq. 60 

1.  61 
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       (1a,b,c) 62 

Here, Zw is the surface impedance as a function of frequency and angle of incidence, θ, and  ,rZ f   63 

is the average radiation impedance of a finite specimen over the azimuth angle derived by Thomasson, 64 

see more details in Ref. [3]. The frequency-independent room factor in Model 2 is the simplest way to 65 

compensate for the influence of the room on the Sabine absorption coefficient, first suggested in Ref 66 

[9]. Later, it was modified to include the relative standard deviations (RSD) of two different absorption 67 

data measured from 13 chambers in an absorption round robin test [16], which means that the 68 

reverberation chamber under test follows the average behavior of spectral fluctuation observed in the 69 

13 chambers in the round robin test. RSD is used as the normalized, predefined, frequency-dependent 70 

effect of the test chamber on the measured absorption, with   being the average across the frequency 71 

of interest. If the reverberation chamber under test behaves similarly to the average characteristics of 72 

the 13 chambers, it is likely that the frequency-dependent room correction, i.e., Model 1, should 73 

outperform the frequency-independent correction, Model 2, as shown in Ref [10]. Note αroom1 and αroom2 74 

are the optimization parameters for Model 1 and Model 2, respectively. 75 
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This original Thomasson’s finite size radiation impedance was derived to account for the finiteness 76 

of an absorber sample under two important assumptions: infinite baffle and flush mounting of an 77 

absorber sample [3]. These two assumptions are hard to achieve in usual ISO 354 measurement settings, 78 

as the sample size is restricted between 10 and 12 m2 and a flush mounting can never be fulfilled in any 79 

laboratories. The thinner the sample, the closer to the flush mounting assumption. Recently, it was found 80 

that Thomasson’s correction for sound absorption works best for smaller surfaces and thinner materials 81 

with a brief guideline of sample sizes smaller than 4 m2 and sample thicknesses thinner than 5 cm, but 82 

fails to predict measured data when the sample gets larger and thicker [14]. This is particularly 83 

problematic when the absorber is measured with an air cavity backing, making the overall depth of the 84 

test absorber thicker. For large thicknesses typically including an air cavity, a model using the complex 85 

conjugate of Thomasson’s radiation impedance of is found to outperform [14], which is a basis for 86 

Model 3 and 4. Model 3 uses the frequency dependent room correction, while a frequency independent 87 

room factor is used in Model 4.  The room correction is closely related to the degree of non-diffusion 88 

in the reverberation chambers, which is an important current research topic [11,17-19].  89 
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                                                         (2a,b,c) 90 

Here αsize is the size-corrected absorption coefficient using the complex conjugate of Thomasson’s 91 

radiation impedance, αroom3 and αroom4 are the optimization parameters for Model 3 and Model 4, 92 

respectively. 93 

The most likely flow resistivity, σest, is found by minimizing the cost function as follows 94 

     
max

min

, | , , |,
f

room input M room

f f

e f f     


            (3) 95 

where αinput represents the input absorption data for the flow resistivity extraction, either αSab or αp.  96 

 97 

2.2. Absorption coefficient datasets, αSab or αp 98 



6 
 

Ecophon SG provided 15 sets of the Sabine absorption coefficient data obtained by ISO 354 99 

measurements of five glasswool materials, each having three different backing conditions. Note the 100 

three backing conditions are not identical for all the materials. A summary of the backing conditions 101 

and flow resistivity is shown in Table 1. The Sabine absorption coefficients of 15 cases are shown in 102 

Fig 1. Short names of the scenarios are made in the form of AnBm, the first subscript, n, being the 103 

glasswool material number, and the second subscript, m, representing the backing condition. 104 

 105 

 106 

Figure. 1. Sabine and practical absorption coefficients of the absorbers tested. (Color in electronic 107 

version only) 108 

  109 
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Table 1. Absorber thickness, overall depth, and air flow resistivity values of the glasswool absorbers 110 

tested. 111 

Absorber/Backing Absorber thickness (mm) Overall depth of system (mm) σmeas (kNs/m4) 

A1B1 100 100 10.90 

A1B2 100 200 
10.90 

A1B3 100 400 
10.90 

A2B1 40 50 39.26 

A2B2 40 200 
39.26 

A2B3 40 400 39.26 

A3B1 20 50 
62.93 

A3B2 20 200 
62.93 

A3B3 20 400 62.93 

A4B1 20 60 80.64 

A4B2 20 200 80.64 

A4B3 20 400 80.64 

A5B1 20 65 105.69 

A5B2 20 200 105.69 

A5B3 20 400 105.69 

 112 

Most absorber manufacturers provide practical absorption coefficient datasets. The procedures to 113 

calculate the practical absorption coefficient is as follows [2].  114 

 115 

(1) The 18 Sabine absorption data in the 1/3 octave bands are arithmetically averaged into the 6 octave 116 

bands centered from 125 Hz to 4 kHz.  117 

(2) The 1/1 octave band absorption coefficients are rounded in steps of 0.05.  118 

(3) If the rounded absorption coefficient is higher than 1, then the value is maximized to 1.   119 

 120 



8 
 

In Fig. 1, Absorber 1 (A1) shows the largest differences between the Sabine and practical absorption 121 

coefficient, particularly in the shape of the absorption curve. This spectral shape of the absorption data 122 

is known to help identify the flow resistivity when the backing cavity is used [10]. Particularly for the 123 

B3 conditions, there is a consistent peak at 160 Hz in the Sabine absorption coefficients, but disappeared 124 

in the practical absorption coefficient due to the truncation and averaging process. 125 

 126 

2.3. Optimization procedure for σ and αroom. 127 

The whole calculation procedure is summarized in Fig. 2, where the four absorption models with 128 

two input data, the Sabine and practical absorption coefficient, are compared. As this is a two 129 

dimensional optimization problem to find the most likely flow resistivity and room’s effect on the 130 

measured absorption coefficient, the error in Eq. (3) was evaluated for a typical range of the flow 131 

resistivity from 1000 to 200 000 Nsm-4 with steps of 500 Nsm-4, and αroom is searched from -0.3 to 0.3 132 

with steps of 0.005. Note that there have been other optimization techniques investigated using, e.g., 133 

simplex optimization [9] or Bayesian optimization [20]. 134 

 135 

Figure 2. Flow chart for the flow resistivity estimation. (Color in electronic version only) 136 

 137 

3. Results 138 

Figure 3 compares the extracted flow resistivity and measured flow resistivity using the Sabine 139 

absorption coefficient. The size of the symbol is proportional to the error function value in Eq. (3), 140 

meaning that the smaller the symbol, the smaller the difference between the input absorption coefficient 141 

and resulting absorption coefficient.  142 



9 
 

 143 

Figure 3. Comparison of measured and estimated flow resistivity using the Sabine absorption 144 

coefficients. (Color in electronic version only) 145 

Generally speaking, using the Thomasson’s original correction in Model 1 and 2, the extracted flow 146 

resistivity deviates quite a lot from the measured flow resistivity, but there are a few cases where Model 147 

1 and 2 significantly outperform the others, Model 3 and 4. These are the cases with relatively small 148 

overall depths, such as 5 cm with A2B1 and A3B1, 6 cm with A4B1. This confirms that Thomasson’s 149 

model successfully replicate the measured Sabine absorption for an overall thickness smaller than about 150 

6 cm, which concurs with the previous finding [14]. For overall depths larger than 6 cm, the results get 151 

inaccurate with Model 1 and 2, mostly overestimating the flow resistivity values. With δ defined as (σest 152 

- σmeas), the averaged δ values across the 15 absorber cases using Model 1 and 2 are 37 kNsm-4 and 14 153 

kNsm-4, with standard deviation of 43 kNsm-4and 53 kNsm-4, respectively. Here, both the average and 154 

standard deviation of δ are used as performance indicators, as the average value of δ indicates the 155 

closeness to the true flow resistivity on an overall sense, while the standard deviation refers to the 156 

precision of the estimation, quantifying the closeness of agreement among a set of the estimated flow 157 

resistivity. The standard deviation is also related to the reliability of the extraction method, as a big 158 

spread of the estimated flow resistivity is not ideal. Note that Model 1 and 2 yield unacceptably large 159 

averages and standard deviations. 160 

In Fig. 3, Model 3 and 4 predict the flow resistivity values more accurately than Model 1 and 2. 161 

Using Model 4 with the frequency-independent room correction, there is always one mounting 162 

condition for each material that produces an acceptably large δ, which is found to be always the largest 163 
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overall depth cases of 40 cm in the cases of A2B3, A3B3, A4B3 and A5B3. With the frequency dependent 164 

room correction, Model 3, the flow resistivity estimation gets most accurate on average. The average 165 

difference δ of the flow resistivity using Model 3 is 2 kNsm-4, whereas Model 4 yields -17 kNsm-4. The 166 

standard deviations are 19 kNsm-4 and 34 kNsm-4 for Model 3 and 4, respectively. Using Model 3, the 167 

mean and standard deviation of δ are smallest of all. 168 

Figure 4 compares the extracted flow resistivity and measured flow resistivity using the practical 169 

absorption coefficient dataset. Although the shapes of the practical absorption curves get quite changed 170 

from those of the Sabine absorption due to substantial simplifications, the estimated flow resistivity is 171 

surprisingly not too much degraded with certain models. Generally speaking, αp does not perform as 172 

good as αSab, but unexpected improvements are also observed in some cases. Using Model 1 and 2, the 173 

estimated flow resistivity values are still quite overestimated with the average δ of 34 kNsm-4 and 50 174 

kNsm-4, respectively. The standard deviations, however, are reduced to 19 kNsm-4 and 34 kNsm-4 175 

compared to the values obtained using Sabine absorption coefficient, 43 kNsm-4 and 53 kNsm-4, 176 

respectively. Similarly for Model 4, the average standard deviation in the estimated flow resistivity 177 

becomes 22 kNsm-4, whereas the standard deviation is 34 kNsm-4 using αSab. For Model 3, αp produces 178 

consistently more inaccurate and imprecise results than αSab. All the means and standard deviations of δ 179 

for Model 3 and 4 can be found in Table 2. 180 

181 

Figure 4. Comparison of measured and estimated flow resistivity using the practical absorption 182 

coefficients.  (Color in electronic version only) 183 
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Figure 5 summarizes the statistics of δ in using Sabine and practical absorption coefficients. Clearly, 184 

Model 3 outperforms the others in all cases with the smallest average and standard deviation of δ. The 185 

extracted flow resistivity using Model 4 varies quite a lot depending on the input data (-17 kNsm-4 from 186 

the Sabine absorption to 17 kNsm-4 from the practical absorption). The standard deviation is generally 187 

reduced with αp except for Model 3.  188 

 189 

Figure 5. The statistics of the difference between the estimated and measured flow resistivity.  (Color 190 

in electronic version only) 191 

 192 

Figure 6. Comparison of measured and estimated flow resistivity for a single optimization using all the 193 

backing conditions for each absorber. (Color in electronic version only) 194 

 195 

  196 
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In principle, no matter what the backing condition is, the flow resistivity should be the same for each 197 

absorber. Therefore, another optimization is tested by changing the cost function in Eq. (3) such that 198 

one flow resistivity per absorber type is estimated using all the three mounting datasets.  199 

     
max

min

, ,

1

, | , , |.
fk

room input mc M mc room

mc f f

e f f     
 

           (4) 200 

Here, mc represents the mounting condition and k means the number of available mounting 201 

conditions, which is always three in the present study. In practice, absorber manufacturers indeed 202 

provide the absorption characteristics for at least a couple of mounting conditions per absorber, so one 203 

could estimate the flow resistivity by adding all available backing conditions into a single optimization 204 

routine using the cost function in Eq. (4). The optimization results based on Eq. (4) are shown in Fig. 6 205 

only for Model 3 and 4, as Model 1 and 2 systematically yield overestimations larger than 40 kNs/m4. 206 

The estimated flow resistivity values based on Eq. (4) are more accurate than those based on Eq. (3) 207 

shown in Figs. 3-5. A comparison of the mean and standard deviation of δ between the individual 208 

absorber/mounting estimation and grouped optimization is summarized in Table 2, resulting in a 209 

significant reduction in the standard deviation by the grouped optimization – almost halved in all 210 

conditions –, which means the precision of the estimation is significantly improved when more datasets 211 

are combined into a single optimization. In terms of the mean difference, certain improvements are seen 212 

except for Model 4 using αp. Therefore, it is concluded that the grouped optimization is likely to improve 213 

the flow resistivity estimation as the use of all available data prevents from producing overly large 214 

deviations mainly for large cavity mountings.  215 

 216 

4. Conclusion 217 

This study is concerned with the flow resistivity estimation using the Sabine absorption coefficient 218 

and practical absorption coefficient. The best model for flow resistivity extraction in terms of precision 219 

and accuracy is found to be Model 3, with the complex conjugated radiation impedance and frequency 220 

dependent room correction. However, the Thomasson’s original model works best for thinner samples, 221 

when the original assumption is satisfied. The frequency independent room correction can give overly 222 

erroneous results in large air backing conditions. Surprisingly the use of practical absorption coefficient 223 
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does not degrade the quality of the estimated flow resistivity signify cantly. Finally, an optimization 224 

using all available mounting conditions in one single routine is found to estimate the flow resistivity 225 

better in terms of accuracy and precision. 226 

 227 
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 231 

Table 2. Summary of the statistics for the flow resistivity difference δ in kNsm-4. Std means the 232 
standard deviation. 233 

Model3 

Individual optimization Grouped optimization 

αSab αp αSab αp 
mean Std mean Std mean Std mean Std 

2.1 19.2 5.6 21.4 1.1 10.9 0.1 12.2 

Model4 

Individual optimization Grouped optimization 

αSab αp αSab αp 
mean Std mean Std mean Std mean Std 

-17.8 34.2 17.0 21.6 11.9 8.1 19.5 11.52 

 234 

  235 
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