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Introduction 

The TyreRoadNoise project (“Data-based study of effects on 
controlled and real drive noise emission”) was launched to ex-
tend our understanding of the parameters influencing tyre-
road noise (TRN) and develop a robust prediction model us-
ing physical, data-driven, and hybrid approaches [1][2]. An 
important model parameter in characterizing road surfaces is 
the sound absorption coefficient. Various methods exist for 
measuring sound absorption: In laboratory settings, material 
samples are typically measured using an impedance tube fol-
lowing the (EN) ISO 10534-2 standard [3]. However, in-situ 
measurements are often preferred to evaluate actual surface 
conditions. For noise barriers, EN 1793-5 outlines the method 
for determining sound absorption via the reflection index [4], 
whereas for road surfaces, the extended surface method and 
the spot method, as per ISO 13472-1 and -2 respectively, are 
commonly applied [5][6]. The question arises: How compara-
ble are the sound absorption coefficients of road surfaces ob-
tained from different measurement techniques and can they be 
used equivalently as an input for a TRN prediction model? 

Background and aim of this study 

Since road traffic noise is predominantly caused by tyre-road 
interaction, efforts to mitigate TRN are increasingly im-
portant, particularly in light of the gradually tightening noise 
limits set by EU Directive 540/2014. However, effective noise 
reduction strategies require comprehensive data that account 
for the wide range of tyre and road surface combinations un-
der varying environmental conditions. Addressing this need, 
the project aims to build a database containing measurement 
data from both ISO test tracks and public roads. A key objec-
tive is to train an AI model capable of predicting pass-by noise 
and eventually allowing to derive or refine TRN reduction 
measures. One focus is the development of estimation meth-
ods to determine relevant road parameters influencing the 
TRN and collecting high-quality ground-truth data for model 
validation. This includes an extensive measurement campaign 
on 3 ISO test tracks and 12 public roads (see [7] for details), 
capturing parameters such as road texture, grip and friction, 
flow resistance, and – critically – the sound absorption coef-
ficient α, which plays a vital role in noise prediction models. 

The sound absorption of the 15 tracks investigated in the 
measurement campaign was mainly measured with the im-
pedance tube spot method according to ISO 13472-2. How-
ever, for porous asphalt this method is not applicable (see de-
tails below) and the extended surface method according to 
ISO 13472-1 (referred to as “Adrienne method” in the follow-
ing) had to be used. All measurements yield reasonable and 
reproducible results; however, the question came up whether 
sound absorption coefficients obtained from such different 
measurements techniques are directly comparable. To answer 
this, experimental validation was pursued through compara-
tive measurements on different surfaces, which will be pre-
sented in the following. 

Sound absorption of road surfaces 

Generally, sound absorption is defined as the ratio of absorbed 
energy to incident energy. If transmission can be neglected, 
the sound absorption coefficient α can be expressed as  

𝛼 = 1− 𝑟²   (1) 

with r being the sound reflection coefficient. The actual cal-
culation of 𝛼 from measurement data differs depending on the 
method used.  

When looking at the origin of TRN, two mechanisms have to 
be distinguished [8]: Excitations of structural vibrations of the 
tyre and its components (e.g. vibrations of the tire tread ele-
ments or sidewall vibrations) and aerodynamic processes in 
the contact area between tyre and road (e.g. air pumping or 
groove resonances). With this in mind, there are two ap-
proaches for designing a quiet road surface: Either noise re-
duction is achieved by means of an optimized texture shape 
with only low sound absorption (closed surface) or an open 
surface type is used, where sound absorption due to the porous 
structure is the dominant noise reducing mechanism.  

Consequently, the surface parameters (mainly: thickness, po-
rosity, flow resistivity and tortuosity) essentially determine 
the degree of sound absorption of the road and its frequency 
dependence. The impact of these on 𝛼 is well summarized e.g. 
in [9]. Hence, it is clear that the absorption spectrum is crucial 
for modelling TRN and contains a lot of information about the 
specific and individual road surface characteristics. 

Measurement methods 

The sound absorption coefficient can be determined using im-
pedance tube measurements following ISO 10534-2 in labor-
atory settings or ISO 13472-2 for in-situ road surface evalua-
tions (see Figure 1). In both methods, a plane wave is gener-
ated inside a cylindrical tube and propagates toward a test 
sample (with a diameter of 10 cm) placed at the tube’s termi-
nation. Typically, white noise is used as a stationary signal 
with a constant spectral density. Upon interaction with the 
sample, part of the sound is absorbed, while the rest is re-
flected.  

   

Figure 1: Impedance tube setups available at BASt: (left) tube 
for laboratory measurements, (right) in-situ tube for direct 
measurements on road surfaces. 
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Two microphones positioned at known distances along the 
tube measure the resulting sound field at different locations. 
Using the Fourier transform, the complex sound pressure sig-
nals are analyzed to determine the transfer function 𝐻12(𝑓) of 
the sound field, i.e. the ratio of the two complex sound pres-
sure signals, which describes how sound propagates between 
the two microphones as a function of frequency. From this, 
the sound reflection coefficient can be calculated via 

𝑟 =
𝐻12 − 𝐻𝐼
𝐻𝑅 − 𝐻12

𝑒2𝑗𝑘0𝑥1 
  (2) 

with 𝐻𝐼 and 𝐻𝑅 being the transfer functions of the incident and 
reflected sound wave, respectively, 𝑘0 the complex wave 
number and 𝑥1 the distance between microphone 1 and the 
sample. 𝛼 follows from Eq. (1). 

This technique provides accurate normal incidence absorption 
for small material samples. ISO 13472-2 applies the same 
principle in field conditions, using a portable tube placed di-
rectly on the road surface to assess real-world absorption 
properties. 

The Adrienne method, standardized in ISO 13472-1, is an-
other in-situ technique for determining the normal incidence 
sound absorption coefficient of road surfaces. The setup used 
at BASt is shown in Figure 2. Unlike the impedance tube 
methods, this approach works in the time domain and evalu-
ates a larger surface area (maximum sampled area ≈ 5.6 m²) 
under real-world conditions. A sound source situated 25 cm 
above the surface emits an acoustic signal (a repeatable short 
signal with a low peak-to-RMS ratio, e.g. a maximum-length 
sequence), while a microphone records the impulse response 
comprising both the direct and reflected sound. After measur-
ing the direct sound in a free field measurement (without spec-
imen), the reflected component in the overall impulse re-
sponse can be isolated by applying a time window and a signal 
subtraction algorithm. After Fourier transformation, the trans-
fer functions of the direct and reflected path 𝐻𝑖(𝑓) and 𝐻𝑟(𝑓), 
respectively, are obtained and the absorption coefficient fol-
lows as 

𝛼(𝑓) = 1−
1

𝐾𝑟
2
|
𝐻𝑟(𝑓)

𝐻𝑖(𝑓)
|

2

 
  (3) 

with the geometrical spreading factor 𝐾𝑟. The Adrienne 
method is particularly suited for characterizing porous road 
surfaces, which influence TRN through large-scale absorption 
effects. 

   

Figure 2: Setup for the extended surface method at BASt 

 

Table 1: Comparison of measurement methods for the 
determination of the sound absorption coefficient of road surfaces 

ISO 10534-2 
lab impedance tube 

ISO 13472-1 
in-situ imped. tube 

ISO 13472-2 
Adrienne method 

250 - 1600 Hz 250 - 1600 Hz 250 - 4000 Hz 
sampled area ≈ 

0.008 m² 
sampled area ≈ 

0.008 m² 
max. sampled area 

≈ 5.6 m² 
frequency domain frequency domain time domain 
high sensitivity to-
wards sample prep-
aration and mount-

ing conditions 

sensitivity towards 
sealing between test 

fixture and road 
surface 

extensive setup, 
sensitivity towards 
correct alignment 

 
applicable regard-

less of degree of ab-
sorption  

only reliable for 
low absorption sur-

faces (α < 0.15)  

limited accuracy at 
small sound absorp-

tion values 

While both methods determine normal incidence absorption, 
there are several differences in their scope of application, ex-
perimental limits and known problems. A summary is given 
in Table 1. Here, especially the differences in the sampled 
area and the setup-dependent sensitivity aspects shall be em-
phasized. Apart from that, the standards already state in their 
scopes that the in-situ impedance tube yields only reliable re-
sults for low absorption surfaces (α < 0.15). On more porous 
materials the losses due to air leakages would be too large and 
decrease the accuracy significantly. The Adrienne method, on 
the other hand, is explicitly mentioned to work properly on 
absorbing surfaces and has only limited accuracy at small ab-
sorption values. 

Experiences from literature 

Several studies have already investigated the reliability of the 
different methods available for determining the sound absorp-
tion coefficient. From a theoretical perspective, absorption is 
an intrinsic material property, meaning that results obtained 
from different techniques should ideally be identical. In a the-
oretical comparison of the Adrienne and impedance tube 
methods, Cobo [10] found a good agreement between both 
predictions but noted a slight underestimation in the time-do-
main approach due to truncation effects. However, experi-
mental comparisons often show significant deviations, partic-
ularly across the full frequency range. Referring to the 
Adrienne method, Morgan and Watts [11] emphasized that 
“for an acceptable fractional error, the absorption coefficient 
of the surface under study needs to be at least mildly acousti-
cally absorbent” – arguing that low absorption levels lead to a 
not manageable level of uncertainty. Several authors confirm 
a weak correspondence between impedance tube and reflec-
tion-based methods, attributing discrepancies to factors such 
as sampled area differences, measurement leakages, and re-
duced accuracy at low absorption levels (see e.g. 
[9][11][12][13]). 

Measurement results and discussion 

Measurements were conducted on two different surface types 
using both the impedance tube and the Adrienne method on 
the same samples to directly compare these techniques. The 
first sample was an ISO 10844-compliant road pavement, 
which is available on the driving dynamics test area at BASt 
and represents a highly reflective road surface. The second 
sample was a carpet material used as flooring in the anechoic  
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Figure 3: Mean absorption coefficient of ISO 10844 pavement as 
available on the driving dynamics test area of BASt, (top) measured 
with the impedance tube method and (bottom) measured with the 
Adrienne method. The bars show the mean values within the 1/3 
octave bands in Hz (blue: at measurement point MP01, orange: 
across 15 measurement points), the dashed line is the overall mean 
across frequency bands. Error bars represent the standard deviation.  

laboratory at BASt, chosen under the assumption that it would 
exhibit mild acoustic absorption. 

The impedance tube results showed a very plausible and 
reproducible behaviour for both samples. For the ISO surface 
(see Figure 3, top), the mean absorption coefficient was 
around or below 0.01 across the measured frequency range, 
which aligns well with expectations for a reflective surface. A 
slight deviation was observed between single-point 
measurements and values obtained from spatial averaging 
over multiple positions, but the overall trend remained 
consistent. Similarly, for the carpet sample (see Figure 4, top), 
the impedance tube confirmed mild absorption, with values 
gradually increasing with frequency and reaching 0.12 at 1600 
Hz, which seems reasonable for such a material. 

In contrast, the Adrienne method produced highly 
inconsistent results. On the ISO surface, the method showed 
low reproducibility and yielded unphysical absorption values, 
with negative coefficients in several third-octave bands and 
unrealistically high values reaching up to 0.1 in the 400 Hz-
band. This behaviour contradicts the expected low absorption 
of the pavement. A similar issue was observed for the carpet 
sample: while it was expected to have some degree of sound 
absorption, the Adrienne results once again displayed 
negative values in some frequency bands and exaggerated 
high absorption exceeding 0.15 in others. 

 

 

Figure 4: Mean absorption coefficient of carpet sample as available 
in the anechoic lab of BASt, (top) measured with the impedance 
tube method and (bottom) measured with the Adrienne method. 
The bars show the mean values across 5 measurement points within 
the 1/3 octave bands in Hz, the dashed line is the overall mean 
across frequency bands. Error bars represent the standard deviation. 

Although the impedance tube measurements yield reasonable 
results for both considered samples, it was not possible to 
successfully apply the Adrienne method. When looking at the 
single Adrienne measurement runs (not shown here), a very 
high variability can be seen, meaning that the reproducibility 
(even at the same measurement point) is very poor. For the 
carpet surface, this is slightly improved; however, the 
unphysical and partly negative values for α remain. 

These inconsistencies suggest that the Adrienne method may 
be prone to systematic errors, particularly when applied to 
(highly) reflective surfaces. Possible reasons for these 
discrepancies could include: 

- measurement inaccuracies due to the high sensitivity of 
the method towards a precise alignment of the speaker-
microphone geometry; 

- high sensitivity to the environmental conditions, although 
at least in the anechoic laboratory these are kept very 
constant during the measurements; 

- missing directivity correction accounting for the 
directional characteristic of the loudspeaker (not required 
according to standard); 

- methodological limitations when dealing with certain 
surface types, especially diffraction effects occurring at
reflective surfaces, which partly might explain the high or 
negative sound absorption values due to sound energy 
shifting from one octave band to another; 
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- missing feasibility of subtracting a reference measurement 
from the data: according to ISO 13472-1, a reference 
measurement must be carried out on a fully reflective 
surface, which should then be used to correct the 
individual measurements. However, as it does not appear 
feasible to carry out a valid measurement on a reflective 
surface at all, the question arises whether this should be 
rather omitted since it might lead to a significant 
falsification of the results in practice. 

Conclusion and outlook 

The results of this study highlight the fundamental differences 
between sound absorption measurement methods and their 
respective scopes of application. While discrepancies 
between methods have been widely reported in the literature, 
our findings reinforce that even within a single method, 
certain limitations can impact measurement reliability. The 
impedance tube method provided consistent and reproducible 
absorption coefficients, aligning with theoretical expectations 
for both a highly reflective ISO surface and a mildly 
absorbing carpet sample. In contrast, the Adrienne method 
produced unphysical and highly inconsistent results, raising 
concerns about its applicability to such surfaces. 

Unfortunately, the data alone cannot fully resolve the initial 
research question regarding the comparability of absorption 
coefficients from different measurement techniques. 

Another key issue remains: if a highly reflective surface leads 
to unreliable results with the Adrienne method, is it still 
reasonable to use such a surface as a reference, as required by 
the standard? This brings up further questions, such as 
whether the subtraction of a reference measurement should be 
reconsidered or if there are ways to improve the Adrienne 
method for reflective surfaces. 

To address these uncertainties, future studies should focus on 
alternative experimental approaches. Potential next steps 
include conducting measurements with a 9-microphone array, 
which could improve spatial averaging, or extracting porous 
asphalt cores for the lab impedance tube to enable a direct 
comparison for an absorbing surface between Adrienne and 
impedance tube measurements. Additionally, applying the 
Adrienne method to a mildly absorbing road surface (instead 
of a substitute carpet material) could help determine whether 
its inconsistencies are limited to highly reflective pavements 
or if broader issues exist. Alternatively, reliance on the 
statement from ISO standards, which suggest that both 
methods should yield comparable results within their valid 
frequency range, may be a pragmatic approach until further 
validation efforts are undertaken. 
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