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Acoustic roughness measurement of railway
tracks: Implementation of an optical
measurement approach & possible
improvements to the standard

Florian Mauz1, Remo Wigger1, Tobias Wahl2, Michal Kuffa1 and Konrad Wegener1

Abstract
The measure for assessing the acoustic quality of the rail surfaces, the acoustic roughness, is defined in the EN 15610 standard.
It is shown that this standard contains gaps with regard to the applied procedures for processing the raw data to the quantity
of acoustic roughness. Additions to the standard appear necessary to ensure better comparability of the results. A piece of rail
tactilely measured by METAS (Swiss Federal Institute of Metrology) was used as a reference. Measurement data recorded by a
laser triangulation sensor was used to quantify the adjustments to the standard. This paper provides an overview of the
individual processing steps and systematically examines possible additions to the standard to improve the quality of the
outcome. Special emphasis was given to a method for outlier removal, pre-filtering, spike removal, curvature correction and
calculation of one-third octave bands. It becomes apparent that different implementations can have a significant impact on the
final result. The filter used, the wavelength ranges, the methodology for removing outliers should be specified. The spike
removal, curvature correction and the calculation of the one-third octave bands should be supplemented in detail to reduce
ambiguities in the implementation.
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Introduction

Traffic noise can cause various health problems as de-
scribed by Héritier et al.1 and Dratva et al.2 It is therefore an
endeavour to reduce the noise from rail traffic as much as
possible. A large part of railway noise originates from the
rolling noise of the vehicle, respectively, from the wheel-rail
contact as described by Thompson.3 According to Szwarc
et al.,4 this is especially true for the speed range between
50 km h�1 and 200 km h�1, where rolling noise is the
dominant component. As described by Grassie,5 various
irregularities with wavelengths up to 2 m can have a sig-
nificant impact on the noise level. According to Thomp-
son,6 the roughness of the two contact partners is directly
coupled with the noise generation of the system. One
possibility to reduce the noise emission caused by the
rolling noise is the acoustic rail grinding as described by
Kuffa et al.7 The acoustic roughness has to be measured in
order to assess the quality of the grinding process, which is
one possible application for these measurements according
to Lutzenberger et al.8 Measuring the roughness from the
moving train would offer possibilities to monitor the state of
the network and for planning grinding operations and thus
increasing efficiency of the maintenance process. As Ver-
heijen’s9 overview shows, direct measurements are mostly
done manually and/or require a clear track. Measurements

from the moving train are possible with indirect mea-
surement methods via the measurement of axle bearing
accelerations as shown by Bongini et al.10 or via mea-
surement of the sound level close to the wheels as shown by
Kuijpers et al.11

There are numerous standards dedicated to the topic of
noise emission and measurement in the railway sector. EN
ISO 338112 deals with the topic of noise measurement in rail
vehicles. EN ISO 3095,13 on the other hand, deals with
noise measurement on vehicles in general. EN 1561014

focuses on the noise development resulting from the wheel-
rail contact and the roughness of the respective components
in contact. The procedure for calculating the acoustic
roughness is given by EN 15610.14 Despite this definition,
ambiguities remain in the data processing which can in-
fluence the result.
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The aim of this paper is to develop an optical acoustic
roughness measurement set-up, which can operate on the
moving train. The direct measurement of the longitudinal
profile of the rail is carried out using laser triangulation
sensors. In the following, the further processing of the
measured data to the acoustic roughness will be system-
atically examined and suggestions for supplementing its
definition will be recorded. The target of this paper is to
present a calculation of acoustic roughness to give a more
stable definition of the evaluation process.

Method

Experimental setup

A test setup equipped with a reference rail was used. The
reference rail has a ground profile, which had been tactilely
measured with a measuring tip size of 3 mm on two lines by
METAS (Swiss Federal Institute of Metrology). The
tactile measurement had a measuring resolution of 1 μm,
a sampling distance of 48 μm and a measuring range of
2 mm. Segments of up to 800 mm in length were mea-
sured and joined together with an overlap of 280 mm to
form the overall length. The reference rail was integrated
into the experimental apparatus shown in Figure 1. Along
the rail, a carriage can be automatically moved on a linear
guide to record the entire longitudinal profile with a
velocity of 0:031 m s�1. An encoder records the position
along the rail with a length of 3:3 m. The measurement
was not triggered by the encoder. An optoNCDT 2300-
10LL laser triangulation sensor from Micro-Epsilon
Messtechnik (Ortenburg, Germany) is mounted on a
sensor plate which is connected to the slider. The sensors
record the analog data in a range between �10 V and
10 V with a sampling rate fS of 30 kHz. A constant
sample spacing of 1:03 μm was maintained. The analog
signal is recorded with a NI 9222 module within a cRIO-
9045 of National Instruments (Austin, Texas, USA) using
LabView.

The sensor plate carrying the sensors is connected to the
slider with pneumatic actuators for an additional test series
involving the simulation of the train suspension. The setup
is fixed such that the pneumatic actuators are not actuated
during the measurement. Thus, the degree of freedom

perpendicular to the rail is suppressed. Tests were per-
formed with a clean rail as well as with a rail contaminated
with dust or water. The purpose of the latter was to create a
disturbed data with real interferences that exist on the rail
network set in order to challenge the optical measurement
and the data processing. The raw data was stored and further
processed to the acoustic roughness in a separate step. Only
the data of sensor one was used for the investigations. The
combination of all sensor values and the possible im-
provement of a measurement result are part of a follow-up
study.

Data processing

The following processing steps were followed:

(1) Import of the TDMS (Technical Data Management
Streaming) data: The analog data was recorded with
a cRIO 9045 from National Instruments. The
TDMS file format of National Instruments was used
due to its integrability into the LabView software
and the resulting small file size. The data must also
be converted from analog voltage signals to dis-
tance values.

(2) Outlier removal: As the measurement was carried
out optically, unfavourable reflections (e.g. speckle)
can become noticeable in the form of outliers in the
data set. The same applies to dust or water being
present on the rail. Both were artificially applied to
the rail in experiments. Outliers influence the
measurement result and require further steps of the
data post-processing. Therefore, the IQR
(interquartile range) method for outlier removal
was investigated and implemented. The objective is
to remove the outliers without distorting the sig-
nificance of the original data set. Usually outliers
differ significantly from the rest of the data set.
Thus, the outlier removal must not be set too
sensitively; otherwise it will also remove spikes in
the same way as the spike removal procedure.

(3) Resampling: Since the measurements were not
carried out at a uniform speed, the data point dis-
tances in the longitudinal direction are not constant
in the unprocessed form. Therefore, linear inter-
polation was used to generate a constant data point
spacing at the points of the reference data set. For
the provided reference data in this setup, this leads
to a sample spacing of 48 μm.

(4) Pre-Filter of Raw Data: The wavelength range
results from the range of interest given in the
standards, which focusses on the corresponding
train speeds where rail corrugation is deemed rel-
evant for noise emission. EN 1561014 specifies a
range between 3mm and 100mm (optionally also
250mm). EN ISO 309513 states a range between
3mm and 100mm or even up to 250mm, depending
on the speed range. EN ISO 338112 also specifies a
wavelength range between 3mm and 250mm. EN
ISO 338112 also defines limit values in decibels for
the spectrum of acoustic roughness. These are
given between 3mm and 400mm. It is not

Figure 1. Experimental setup with the installed laser
triangulation sensors indicated by numbers 1–4.
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reasonable to apply a bandpass filter between 3mm
and 250mm. Instead, filtering was done between
3mm and 500mm to avoid damaging the wave-
length range between 3mm and 400mm. Two
approaches were tested. The application of a
Butterworth filter and the manual transformation
into the spectral range with subsequent manual
removal of the undesired signal components
below λlow ¼ 3mm and above λhigh ¼ 500mm.
For the manual transformation, a Hanning Win-
dow was used. The libraries signal.butter and
signal.sosfiltfilt available in Python were used for
the application of the Butterworth filter.

(5) Profile comparison: Before further processing the
measurement data for the acoustic roughness, a
profile comparison to the METAS measurement
can be performed. The longitudinal profile
measured by METAS was compared with the
profile estimates from the optical measurement in
the time domain. The longitudinal offset of the
measurements from each other were corrected.
The following values were calculated and
compared:
a. Root-mean-square deviation
b. Correlation coefficient
c. Mean value of the absolute error
d. Integrated absolute error
e. Mean value of the relative error

(6) Spike removal: According to EN 1561014 spikes in
the measurement data that are too large must be
removed (e.g. small impurities) for the determi-
nation of the acoustic roughness. They could have a
negative influence on the result in the short-wave
range. The spike removal process is defined for a
tactile measuring method with a probe tip radius of
7mm. A graphical illustration of the spike removal
process is given in Figure 2.

The procedure involves the following steps with rðxÞ as
length profile:

(a) Calculation of the first derivative dr
dx and the second

derivative d2r
dx2 of the measured profile.

(b) Search for local maxima or minima by searching for
a change in sign of the first derivative dr

dx.

(c) Check whether the criterion for the second deriv-
ative d2r

dx2 <� 107 μm
m2 is fulfilled at this point.

(d) Search for the footpoints x1 and x2 of the spike
candidates where the first derivative satisfies the
following criterion: dr

dx < 5 � 103 μm
m .

(e) Calculation of the width w ¼ x2 � x1 of the spike
candidates.

(f) Check whether the ratio of peak height and width is
fulfilled. The following criterion serves for this:
h> w2

a with a ¼ 3m. If this is fulfilled, the peak is
removed from the data set by linear interpolation
between rðx1Þ and rðx2Þ.

(g) Repeat the procedure until no new spikes are
detected.

(7) Curvature correction (Figure 3): Subsequently, the
curvature of the wheel must be taken into account.
When traversing the longitudinal profile, only those
parts of the profile are relevant which the wheel
(Radius R ¼ 375mm) can follow. This is not the
case, for example, for deep valleys in the profile.

(8) Calculation of the power spectrum: Based on the
longitudinal profile, the power spectral density was
calculated as a function of the spectral wavelength.

(9) Conversion to one-third octave band spectrum: The
power spectral density is converted into a one-third
octave band spectrum. This is done according to the
specifications of EN 15610.14 A comparison to
the METAS reference is afterwards performed in
the wavelength domain.

Adjustments to the standard

Outlier removal

After importing the data, outliers were removed. This is
not part of EN 15610,14 which only requires disconti-
nuities to be removed. Outlier should be removed before
the application of a filter in order not to falsify the result
of the filter process. The raw data set was used for this
study. A method based on the interquartile range was
used as the approach for the numerical implementation. A
description of this method can be found in the work of
Moska et al.15

Since the mean value of the data set corresponds to the
waviness of the longitudinal profile, outliers that play a role
on a roughness value level cannot be detected. It is nec-
essary to divide the data set into segments of data points
which are processed individually. The length of a segment is
not trivial to define as it is used to determine the mean value

Figure 2. Spike removal procedure. Figure 3. Curvature correction procedure.
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and the interquartile range. That determines how many data
points are detected and removed as outliers. In order to
remove only real outliers, the data set of an undisturbed
measurement was used for these investigations. In this case,
the deviation from the reference gives an indication of the
quality of the outlier removal. The integrated absolute error
over the spectrum of acoustic roughness provides a way to
assess the deviation.

The integrated error varies between 0:82 dB∗mm and
0:829 dB∗mm for the different segment lengths. For 2000
data points, the minimum of the integrated error is
0:82 dB∗mm . The number of data points in the longitudinal
direction is directly coupled with the selected sampling
frequency (at constant speed). Care was taken during im-
plementation to keep the determined ratio (with a sampling
frequency of 30 kHz) between segment length and sam-
pling frequency constant. Outliers caused by unfavourable
reflection were reliably removed for each data set.

Bandpass filter

For the acoustic roughness, long-wave signal components
as well as measurement noise are not relevant. Therefore,
these components are removed by a pre-filter. The process
of pre-filtering can influence the result through two main
parameters:

· Choice of filter technique (e.g. Butterworth,
Chebyshev)

· Choice of filter frequencies or wavelengths

First, a profile comparison was performed in the time
domain. When filtering in the range between 3 mm and
250 mm, a RMSD (root-mean-square deviation) value of
5:70 μm and a cross correlation factor of 0:85 were de-
termined when compared with the reference of METAS.
When filtering in the range between 3 mm and 500 mm, a
RMSDvalue of 11:45 μm and a cross correlation factor of 0:92
were calculated. The selected wavelength range has a visible
influence on themeasurement quality. For theButterworth filter,
the 2nd, 3rd and 4th order were investigated. In a second step, a
comparison between different filters was performed in the
wavelength domain. The resulting spectrum of the acoustic
roughness is shown in Figure 4.

One main difference appears between the Butterworth
filters and the manual bandpass filter. Across the spectrum,
it can be observed that the absolute values tend to be shifted
to higher values with the Butterworth filter. The maximum
shift for each filter order is about 5:5 dB. The largest shifts
can be seen between 50 mm and 125 mm, as well as be-
tween 20 mm and 32 mm and between 5 mm and 13 mm.
On average, a shift of 1:95 dB for the second order, 2:13 dB
for the third order and 2:21 dB for the fourth order can be
observed. Depending on the filter order, different flattenings
can be observed in the boundary area. It is possible to
reduce the shift compared to the manual bandpass in the
wavelength range between 3 mm and 63 mm with a cor-
rection factor. The PSD (power spectral density) is known
to be affected by the Hanning window and can thus be
multiplied by a correction factor of 8 =

3 (labelled as ‘FFT
Adjusted’ in Figure 4) to remove these attenuating effects.

For the following investigations, the manual bandpass filter
was consistently applied without a correction factor.

Spike removal

The process is shown in Figure 2. Since the method is
designed for tactile measurement, the numerical parameters
mentioned in EN 1561014 are not necessarily useful for an
optical measurement of the acoustic roughness. In the
following, the limit values for the first and the second
derivative given by EN 1561014 were used. The procedure
itself is sufficiently defined in the standard. An exception is
the definition of the spike height h.

There are five possibilities to calculate h numerically:

(1) Based on left footpoint: h ¼ rðxSpikeÞ � rðx1Þ
(2) Based on right footpoint h ¼ rðxSpikeÞ � rðx2Þ
(3) Maximal h: h ¼ rðxSpikeÞ �minðrðxÞÞ; x2 ½x1,x2�
(4) Minimal h: h ¼ rðxSpikeÞ �maxðrðxÞÞ; x2 ½x1,x2�
(5) Based on xSpike (midpoint):

h ¼ rðxSpikeÞ �
�

rðx2Þ�rðx1Þ
x2�x1

∗ðxSpike � x1Þ þ rðx1Þ
�

Where x1 represents the position of the footpoint on the
left side of the spike, xSpike represents the position of the
spike itself, and x2 represents the position of the footpoint
on the right side of the spike. The implementation that
calculates the spike height via the position of the spike, as
shown in Figure 2, was examined. Furthermore, a definition
via the left footpoint of the spike as well as the right
footpoint of the spike were examined. Since the option of
the maximum and minimum tip height is not different from
the implementation based on the left or right footpoint,
these are not explicitly mentioned in addition. For the
undisturbed data set with a clean rail, no differences

Figure 4. Spectrum of acoustic roughness after different filtering.
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between the implementations could be found. A different
situation arises as soon as water is on the rail. Figure 5
shows the spectrum of acoustic roughness for the different
approaches for a rail wetted with water.

In the case of the definition via the left footpoint, a
maximum deviation of 4:24 dB was observed. For the
definition via the right footpoint, a maximum of 2:80 dB
was determined. The largest deviations are evident in the
wavelength range between 10 mm and 125 mm.

Curvature correction

For each data point rðxiÞ, it is checked for N data points
whether a wheel with the curvature function CðxÞ intersects
the profile rðxÞ. The process is shown in Figure 3.

The standard EN 1561014 does not explicitly specify
how many data points N are to be considered for one step of
the correction. In the example code which was still attached
in the 2009 version of EN 15610,16 N ¼ 40 is set for the
number of data points taken into account, arguing with the
computational cost of the evaluation. A fixed number of
data points can result in very different distances between
them, depending on the sampling frequency and the moving
speed. Thus, 40 data points can cover or exceed the Hertzian
contact area of the wheel contact point. EN 1561016 states
that the data point distance must be ≤1 mm. Since the
standard is based on tactile measuring methods, it can be
assumed that N ¼ 40 can also be interpreted as a contact
length of 40 mm to be taken into account. Nevertheless, it
should be noted that a fixed definition of the contact length
does not exist. It appears more robust to set a physically
sound definition of the number of data points to be con-
sidered. In this context, a definition via the aforementioned
Hertzian contact surface between wheel and rail seems

appropriate because only the part of the wheel is considered
which can be in contact with the profile. The situation is
shown in Figure 6.

According to Fendrich et al.,17 the length L of a rect-
angular approximation of this surface is defined as

L ¼ 3:04∗

ffiffiffiffiffiffiffiffiffiffiffi
Q0∗R

B∗E

r

The length L depends on the wheel contact force Q0, the
radius of the wheel R, the width of the driving facet B and
the Young’s Modulus of the contact partners E. The fol-
lowing parameter values taken from Fendrich et al.17 were
used, with the value for the radius taken from EN 1561014

standard

•Q0 ¼ 100 kN

•R ¼ 375 mm

•B ¼ 12 mm

•E ¼ 210000 MPa

With the calculated length L ¼ 11:73 mm and the known
measuring point distance dx ¼ 48 μm, the number N is
given as

N ¼ L

dx
¼ 244375

The relevant number of data points for the contact is
taken into account regardless of the sampling frequency.
Comparing both possible implementations, deviations be-
come apparent depending on the wavelength of the re-
spective band. Figure 7 shows the deviations of the constant
point definition of N ¼ 40 compared to the definition based
on the wheel-rail contact zone. The measurement data for
this comparison was recorded undisturbed (dashed curve).
After resampling, the data set used has a data point spacing
along the rail of 48 μmwhich corresponds to a contact zone
with a length of 1:92 mm with N ¼ 40.

For long wavelengths between 80 mm and 400 mm,
there are only slight deviations in the value range below
0:10 dB. At a wavelength of 63 mm, the deviation rises
above 0:10 dB to 0:17 dB. The deviation increases further
below a wavelength of 32 mm. The largest deviation is
found for the smallest wavelength of 3 mm with 2:10 dB.
The deviation increases for a disturbed data set which was
recorded with water on the rail. The measured longitudinal
profile is influenced by the water due to the approach of an

Figure 5. Spectrum of acoustic roughness for different spike
height calculations, measurement with water on the rail. Figure 6. Data points within the Hertzian contact zone.
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optical measurement and shows more peaks. The pro-
gression of the deviation can be seen in Figure 7 as well
(dotted curve). The 0:1 dB deviation is already reached at a
wavelength of 125 mm. For a wavelength of 50 mm,
the deviation is already 2:24 dB. This corresponds to the
maximum deviation for an undisturbed measurement. The
maximum deviation increases to a value of 9:77 dB. This is
the case for the wavelength of 5 mm. If it is assumed that the
contact zone has a length of 40 mm (data point distance
1 mm), there is no relevant difference to the contact zone
definition. A small deviation of 0:28 dB is detectable only
at a wavelength of 3 mm when using a disturbed data set
with water on the rail. The progression of the deviation can
be seen in Figure 7 (straight curve).

One-third octave band calculation

After calculating the power spectrum, the individual dis-
crete level values are transformed into one-third octave
bands. Each individual discrete value is considered as a
narrow band of width γ. This process is specified in EN
15610.14 The calculation is given as

LBand ¼ γL
γ
∗Lλi�2 þ

Xiþ3

j¼i�1

Lλj þ
γR
γ
∗Lλiþ4

With

· LBand : Level in one-third octave band
· Lλi�2 : Level of the left boundary narrow band
· Lλiþ4 : Level of the right boundary narrow band

· Lλj : Level of a narrow band within one-third octave
band

Also specified is the approach how to include narrow
bands at the edge of a one-third octave band. These are added
to the respective one-third octave band proportionally to their
width. The calculation is shown graphically in Figure 8.
Shown in red is the range of a single one-third octave band
while the narrow bands are shown as bars. In Figure 8, the
discrete level values serve as the centre of the narrow bands.
This is not explicitly specified in EN 15610.14

Alternatively, it would be possible to define a narrow
band starting from the left edge, which would shift the
narrow bands across the width of the spectrum. This al-
ternative is shown in Figure 9. The blue bars correspond to
the non-central value implementation of the narrow bands.

The crucial question is to what extent both definitions
affect the spectrum of acoustic roughness. The data was
previously processed according to the described processing
procedure. Figure 10 shows the spectrum of acoustic
roughness for a central value implementation.

Two peaks are contained at 8 mm and 16 mm. Figure 10
shows the spectrum of acoustic roughness for the non-
central value implementation as well. The spectrum is
shifted compared to the central value implementation and
deviates significantly. For example, the peak at 16 mm is
now present at 13 mm and at 16 mm. This peak is clearly
located at 16 mm in Figure 10.

The absolute value also differs at this point. For the
central value implementation, this was 5:11 dB at 16 mm.
For the non-central value implementation, this results in a
value of 3:93 dB for the same band. This corresponds to a
relative deviation of 23% for this one-third octave band
only. The 13 mm band has a larger deviation. A value of

Figure 7. Absolute deviation for N ¼ 40 and L ¼ 40 mm
compared to the contact zone definition, undisturbed
measurement (dashed curve), water on the rail (dotted curve).

Figure 8. Calculation of the one-third octave band based on
narrow bands and central value implementation.

Figure 9. Calculation of the one-third octave band based on
narrow bands and non-central value implementation.
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�9:25 dB was obtained for the central value im-
plementation while it was 3:85 dB for the non-central value
implementation.

Discussion

Outlier removal

The outlier removal procedure based on interquartile range
reliably removed erroneous data points. In a further step, it
must be checked for various external disturbances whether
this statement can be maintained. In the context of this
investigation, it should be examined to what extent a short-
term position of the sensor outside its measurement range
has an effect on the measurement result. An error signal
occurring in this case manifests itself in the measurement
data as an outlier and should consequently be able to be
removed by this processing step. Furthermore, it should be
checked with further measurement data whether a seg-
mentation to 2000 data points always provides the best
possible result at a sampling frequency of 30 kHz.

Filter

It is crucial how the measured longitudinal profile data may
be processed through a filter before the acoustic roughness
is calculated from it. Uncertainties exist both in the use of
filter technology (software used) and in the permitted
wavelength range in which filtering is allowed in order not
to influence the measurement result. Both issues should be
addressed to ensure the comparability of different mea-
surements. For a manual bandpass filter, it would also be
necessary to determine which window is to be used for the

transformation into the frequency range and whether the
PSD is multiplied with a correction factor.

Spike removal

It could be shown that the definition of the spike height can
already have an effect on the result as long as the mea-
surement data have sufficient disturbances. This deviation
cannot be detected for a completely undisturbed data set,
which in turn could be attributed to the reduced amount of
spikes. It is suggested to calculate the spike height h at the
position of the spike. Since the method was defined for a
tactile and not for an optical method, it is necessary to
further investigate whether the given values of the standard
for the spike removal are still suitable. If an optical system is
installed on the train, interference from moisture on the rail
as well as from dynamic influences is possible, which may
require an adapted method for spike removal.

Curvature correction

It could be shown that the choice of the value for the
considered number of data points N during the curvature
correction step influences the result relevantly. This degree of
freedom in implementation should therefore not be left open
but clearly defined. A physically reasonable definition is
proposed which corresponds to the basic idea of this pro-
cessing step. The number of data pointsN considered should
be calculated based on the contact zone being formed and the
measurement resolution in the longitudinal direction. This
ensures that the same area is considered in each case and that
neither the sampling frequency nor the driving speed have
any influence on the result of the curvature correction. The
parameters used to calculate the contact zone approximation
were taken from the literature. From this point of view, it is
necessary to discuss and define which parameter values are
set in the standard to calculate the contact zone. This cor-
responds to a procedure comparable to the definition of the
wheel radius R , which is already defined today. Another
alternative would be to define a fixed length of the contact
zone in the standard. Furthermore, instead of an approxi-
mation of the contact zone, the real contact zone could also
be calculated. In addition, the length of the contact zone
could be slightly increased to prevent the influence of larger
rail defects on the curvature correction in practice. It has been
shown that the deviation is strongly increased with occurring
disturbing influences (water on the rail). Further investiga-
tions into the influence of interference on an optical mea-
surement must therefore be carried out and quantified.

One-third octave band calculation

The spectrum of acoustic roughness is strongly influenced by
the chosen implementation of the narrow band definition.
The result can be influenced simply by the way the narrow
bands are computed into one-third octave bands. The
problem could be further exacerbated with lower sampling
frequencies. The narrow bands would become wider and
accordingly have a stronger influence on the calculation in
the boundary areas. It is proposed to add a stable definition

Figure 10. Spectrum of the acoustic roughness, calculation of
the octave band based on narrow bands and central value
approach and non-central value approach.
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for this topic to EN 1561014 in order to prevent deviations of
measurements from each other. The approach of defining the
narrow bands via the centre point seems robust and allows an
implementation that is largely independent of the sampling
frequency. In future studies, the calculation of the power
spectrum should be considered in more detail and concret-
ized. This aspect was not considered in this study, but could
as well have a relevant influence on the result.

Conclusion

Based on the described observations, the EN 1561014

should be supplemented in several parts. If all the im-
plementation options considered are inserted differently
from a calibration measurement, significant deviations in
the measurement results can be the consequence. This
greatly limits the comparability of the measurements. There
is also the theoretical possibility of adapting the mea-
surement result without contravening the current status of
the EN 1561014 standard. A supplement to the standard
seems to also make sense in order to establish better
comparability between the various measurement ap-
proaches. It can be seen that EN 1561014 was designed for a
tactile method. Other measurement approaches are not
taken into account. Parameters for the spike removal
method are explicitly specified for a tactile tip size of 7 mm
in EN 15610.14 Optical measurement methods should also
be considered here. It is advisable to indicate which im-
plementations were used and how the raw data for the
acoustic roughness spectrum were further processed. Many
deviations could possibly be explained by this fact. The
next step would be to test the influence of external inter-
ference on the measurement setup. In addition, measure-
ment methods such as the chord method described by
Grassie et al.18 should be evaluated experimentally.
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