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Abstract

The observed difference in perceived annoyance caused by train and highway noise at the
same averaged noise level, has led to the introduction of the ‘railway bonus’. This bonus has
found its way to the noise legislation in many countries, leading to more relaxed restrictions
on time averaged noise levels, Lae,. With the introduction of high-speed trains and train-like
transportation systems based on magnetic levitation, the question has risen whether the
railway bonus can still be applied. The design of the present experiment was different from
previous efforts in many ways. Most importantly, it was conducted in a realistic setting, a
holiday cottage, and participants were asked to engage in light daily activities during the
tests. Traffic noise was reproduced in an ecologically valid way, using outdoor loudspeakers.
A stepwise selection procedure was based on a screening questionnaire that was administered
at the doorstep of 1500 people living around the test site, to be representative for the Dutch
population. Finally, 100 representative participants were selected.

The results from the annoyance experiment differed significantly from the results obtained
using a much shorter listening test conducted afterwards. The La.-annoyance relationship
obtained for the conventional high-speed train and for the magnetic levitation high-speed
train did not differ significantly. The distance between the listening (recording) position and
the track turned out to be the most important explanatory variable for the differences in
exposure-response relationship observed, more so than vehicle speed or rise time.



INTRODUCTION

Although noise annoyance caused by high-speed trains, both conventional and
magnetic levitation (Maglev), has already been investigated [1-3], the results obtained
were not conclusive. Previous work has neglected a few factors, potentially of
importance. When short fragments of sound are used to study annoyance differences
between trains, the temporal effect partly gets obscured. Longer exposures,
containing several train passages and the typical quiet periods in between, seem
necessary to study. Secondly, the representativity of most previous work has been
questioned, as mostly only a very small group of test persons is used. Also, it is well
known from environmental noise questionnaire surveys that personal factors such as
noise sensitivity influence reported noise annoyance. If the participants all belong to a
particular subgroup of the population, the result may get colored and become less
representative.

Because the magnetic levitation system has not yet been implemented in Europe
on a scale larger than a test facility, annoyance surveys are not possible. Therefore a
field experiment was conducted, which tried to solve the above mentioned issues by
its design. The experiment differs significantly from the earlier research in this area
[1-3] on several topics. A realistic home-like setting was created, in which the test
persons were exposed to longer fragments of sound, together with quiet periods.
Traffic noise was reproduced in an ecologically valid way, using multiple outdoor
loudspeakers to simulate pass-by sound. The experiment was performed with a set of
panellists, which was representative for the Dutch population, at least in factors that
are generally believed to be important modifiers for perception of noise annoyance.
Finally, a master scaling transformation was applied to the annoyance data, this way
calibrating the perceived noise annoyance of different participants to a common
master scale.

THE EXPERIMENT

Realistic setting

As a natural setting, a holiday cottage in Westkapelle (Zeeland, The Netherlands) was
selected because of its quiet environment and accessability. During the experiment,
subgroups of participants were seated in the living room, reading a magazine,
engaging in light conversation or having something to drink.

Ecologically valid sound reproduction and sample recording

Much attention was paid at creating a realistic reproduction of the three-dimensional
indoor sound field, produced by a moving source outside the house. Because of the
difficulties related to the signal processing required for producing the effect of a
house via headphone playback or via indoor loudspeakers, and because these systems
would diminish the natural feeling of the experiment room, it was decided to



reproduce the sound field from outside the house.

It was assumed that two channel recording would be accurate enough to get a
good three-dimensional representation indoors. This hypothesis was checked for low
speed trains at short distance. For this, the indoor sound field in a house close to an
existing railway produced by a real train was compared to that reproduced artificially
using two loudspeakers. The evaluation was done in situ as well as offline using the
binaurally recorded sound field. For most trains the artificial sound could not be
distinguished from the real sound.

The loudspeaker setup was placed in front of a slightly opened window of the
experiment house. This setup was invisible for panelists entering the house. The
sound level at the fagade was recorded for further reference. The attenuation of the
facade and the reverberation in the living room both modify the spectrum and
temporal characteristics of the sound. An artificial head was therefore placed among
the panellists, to monitor the indoor sound field. The difference between the sound
pressure level at the fagade and at the ear of this artificial head was approximately 21
dB. No visual presentation of the passing trains was given during the experiment,
since it seemed unnatural that one would see the train passage from indoor, especially
in an environment with plenty of trees.

Two channel recordings using two microphones at a distance of 20 m from each
other along the track, placed 1.5 m above ground level, were performed at various
locations in Belgium, The Netherlands and Germany. Test sounds for three types of
train systems were collected: conventional IC trains, high-speed TGV trains and
magnetic levitation trains. For master scaling and as a reference, also the sound of a
highway was recorded. To assess the influence of distance to the track and vehicle
speed on annoyance, recordings were made at 4 distances (25 m, 50 m, 100 m and
200 m) and for different vehicle speeds.

From the set of recordings made at each site, the highest quality passage was
selected and 45-second fragments were cut, except for the highway traffic, for which
a 10-minute recording was used. Since from the start it was deemed important to
expose the panellists to sufficient duration of noise, they would have to be exposed to
at least 10 minutes of each given experimental sound (henceforth called a menu). It
was decided that, to create a realistic situation, within one 10-minute menu only
stimuli of the same train type, at the same distance and speed should be heard. Menus
with 2 and 4 passages were used because 4 passages in 10 minutes is already a time-
schedule maximum.

For master scaling, seven traffic-noise-like reference sound fragments of 45
seconds duration were used. These sounds were artificially produced by changing
amplitude and spectrum of the highway noise recorded at 50 m from the highway.

Selection of a representative panel

In contrast to previous experimental work on noise annoyance caused by high speed
trains, the selection of panellists was done in a different way to guarantee a more
representative sample of panellists. For this reason, a questionnaire was administered
at the doorstep of approximately 1500 persons living within a distance of 15 km from
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Figure 1 — Distribution of participants in the listening experiment over noise sensitivity and
quality of traffic noise in the living environment, compared to the distribution of the Dutch
population (reference).

the experimental site. In an accompanying letter, one inhabitant of the house was
invited to participate in the study and to send the questionnaire back using the
enclosed stamped envelope. A compensation of € 100 was offered for participation.

The representative structure of the Dutch population was inferred from a recent
RIVM environmental noise survey [4] and partly from a FEurobarometer
questionnaire. The procedure to draw panellists from the 255 replies received
involved three stages. Stage 1 removed potentional panellists on the basis of their age
and hearing ability. Stage 2 further removed those that were very dissimilar from the
typical Dutch person on the basis of binary coding of a large number of criteria. Stage
3 finally selected panellists on the basis of fuzzy resemblance to the typical Dutch
person on the most important criteria, such as age, gender, education, noise
sensitivity, feeling afraid or frightened, hearing train noise at home, quality of traffic
noise in the living environment, quality of the living environment, general health and
illness. Finally, 100 representative participants were selected. Figure 1 shows a
comparison of the participants with the reference population for the categories noise
sensitivity and quality of traffic noise in the living environment.

Outline of the listening test and master scaling

To illustrate how the listening test was performed, Figure 2 shows the sound pressure
level in dB(A), rerecorded in front of the fagade, to which a group of panellists was
exposed (4 passages in a menu). About 5 panellists jointly participated in a session.

The overall structure and time schedule of the listening experiment was the
same for all panellists. First a 14-minute training session was held, for which the test
persons were asked to rate each of the 7 reference sounds two times (in random
order). Subsequently 7 menus of 10 minutes were played, of which the first menu was
a highway traffic menu. After a short break, the training session was repeated, after
which again 7 other menus of 10 minutes were played. After this experiment, a more
conventional listening test was conducted, for which the test persons had to rate all
45-second transport noise stimuli used in the experiment.

In all, two times 6 train menus were presented to each panellist. It was decided
that, within one set of 6 train menus, conventional trains (IC or high-speed) should
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Figure 2 — Sound pressure level rerecorded in front of the facade during a session.

not be mixed with magnetic levitation trains; a retrospective evaluation over the past
hour would then make sense as well. Because it was known from previous experience
that the order of presenting the menus to the panellists could influence results, half of
the panellists were presented the maglev train sounds first, while the other half heard
the conventional trains first. Menus with the same number of passages were
assembled in a single session, to avoid that panellists would start counting events.
Finally, the distance to the track was not changed too much within one session, since
this would help to create an unnatural setting.

During the experiment sessions, perceived noise annoyance of the transport
noises was rated with the method of free-number magnitude estimation [5]. The
panellists were asked to give their assessment of the sounds by writing numbers on
different pieces of paper. After each 45-second sound (training sessions and
conventional listening test), a conditional question was asked: “To what extent would
you be annoyed by this traffic sound, if you heard this while relaxing?”. After each
10-minute menu a very similar but retrospective question was asked: “To what extent
were you annoyed by traffic sound during the previous period?”. In these questions
we explicitly did not want to refer to train noise, since we wanted to allow panellists
to decide themselves whether the sound they heard sounded like a train or not.

The 7 road-traffic-noise-like reference sounds, used in all experimental
sessions, helped the panellists to define their scaling context. The ratings for these
reference sounds made it possible to control for the individual panellists choice-of-
number behavior in scaling the target train sounds. For this, the individual panellist
annoyance scales were calibrated to a common master scale [6]. The hypothesis is
that true interindividual variability in annoyance would remain, whereas
interindividual variability due to the choise-of-number behavior would disappear.

The master scaling also allowed to investigate the quality of the experimental
data in two ways. Firstly, the reference sounds were presented 6 times in total to each
panellist; the consistency between these 6 reference scale values can be used to assess
the performance of each panellist. A second measure of data quality tests the
consistent trend in the rating of the reference sounds. The deviation from the
proposed master function was used to assess the data quality for each panellist and to
trace errors and inaccuracies.



RESULTS

Because noise legislation in most countries is based on time averaged fagade
exposure (Laeq), it was decided to present the results mainly as a function of this
parameter. Figure 3 gives an overview of the results for the annoyance of the 10-
minute menus. The dashed line, which indicates the master function, can be regarded
as the response for the reference road-traffic-like sounds. Figure 4 shows the same
data, but now categorised in 5 dB(A) classes of facade level, ignoring differences in
distance and vehicle speed.

From these figures, it can be concluded that magnetic levitation based transport
systems are on the average not significantly more annoying than conventional rail
based systems. Up to levels of 65 dB(A), there is no difference with conventional
trains, above 60 dB(A) there is no difference with high speed TGV’s. Also, railway
noise is not systematically less annoying than highway traffic noise, but in the Laeq
range between 55 and 65 dB(A), annoyance is lower for particular combinations of
distance, vehicle speed and train type.

In the second part of the experiment, the experimental sounds were presented in
a more conventional way, as a sequence of short 45-second fragments. Previous
research indicates that in this type of experiment, participants often tend to assess
loudness rather than annoyance, as defined in questionnaire surveys. Figure 5 shows
that from this experiment we can conclude that a train passage in general is assessed
to be at least as annoying (loud) as a 45-second excerpt of highway noise. Magnetic
levitation and high speed TGV’s are assessed as slightly more annoying (loud) than
conventional trains and TGV’s at low speed (the 4 lower TGV dots) once the Lq 1S
above 60 dB(A). This difference is in general statistically significant. The conclusion
that noise annoyance caused by high speed TGV’s and magnetic levitation trains is
about the same for levels above 65 dB(A) is confirmed.

The short rise time of the noise of arriving high speed trains has been mentioned
as a possible reason why this means of transportation could create more noise
annoyance than a conventional train. In Figure 6(left) the size of the circles is
proportional to the rise speed in dB(A)/s. The upward bending of the annoyance
versus Laeq relationship at higher sound levels may be explained by rise time, which
is not inconsistent with previous research on the effect of rise time. In Figure 6(right)
the size of the circles is proportional to the distance to the track. For Laeq between 50
and 65 dB(A), annoyance is clearly less for trains passing by at larger distance.

DISCUSSION

Previous laboratory research on noise annoyance caused by conventional IC and
high-speed trains, and magnetic levitation trains [1,2] has found a significant
difference between the effect of these types of sounds. In particular, they concluded
that high-speed trains were more annoying for the same Laeq. Compared to road
traffic noise, these studies claimed to find a lower annoyance level for conventional
trains. Because both studies and ours use different annoyance scales, it is difficult to
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compare results in a quantitative way. A linear scaling of noise annoyance to match
the annoyance caused by Maglev trains in the three experiments can give
approximately comparable data. The significantly lower noise annoyance found for
conventional trains in [1] is confirmed also after this scaling. However, the noise
annoyance found for conventional trains in [2] lies completely within the interval due
to the different distances to the track and the different vehicle speeds considered in
our study. Laboratory research which included longer experimental sound fragments
[3] has not found the above mentioned annoyance difference between different train
types consistently with our results.



CONCLUSION

This study has shown that in an ‘at home’ like context, noise annoyance caused by
different types of trains at the same average outdoor exposure level Lacqfacade 18 NOt
significantly different. In particular, magnetic levitation systems are not more
annoying than conventional high speed trains at fagade Lacq over 60 dB(A), which is
in agreement with earlier research. Noise annoyance caused by conventional trains
was not found to be significantly lower than annoyance caused by TGV or maglev at
the same average facade exposure, up to 65 dB(A).

Field surveys have shown that for the same average sound level, railway noise
causes less annoyance than highway traffic noise, at least for a certain interval of
noise levels. Although our study included several factors that may contribute to this
effect, we could not observe it, except when the results were limited to sounds
recorded at a distance of over 100 m. This is consistent with the observation made in
field surveys that short distance increases noise annoyance above the expected level.

ACKNOWLEDGMENTS

This research was financed by the Project Group Zuiderzeelijn, The Netherlands. The
members of the project steering committee: Gilles Janssen (dB Vision), Annemarie
Ruysbroek (RIVM), Martin Vandenberg (VROM), and Pieter Jansse (Project
Zuiderzeelijn) are acknowledged for their valuable input.

REFERENCES

[1] J. Vos, “Annoyance caused by the sounds of a magnetic levitation train”, J.
Acoust. Soc. Am., 115(4), 1597-1608 (2004).

[2] D. Neugebauer, J. Ortscheid, “Gerduschbewertung des Transrapid: Ist der
Transrapid wie die Bahn zu beurteilen?”, Berlin Umweltbundesamt, Texte 25
(1997).

[3] H. Fastl, G. Gottschling, “Subjective evaluation of noise immissions from
transrapid”, in Proceedings of the 25th International Congress on Noise Control
Engineering (Internoise), Liverpool, UK, vol. 4 pp. 2109-2114 (1996).

[4] “Hinder door milieufactoren en de beoordeling van de leefomgeving in
Nederland”, Inventarisatie verstoringen 2003, RIVM rapport 815120001/2004,
TNO rapport 2004-34.

[5] L. E. Marks, D. Algom, “Psychophysical scaling”, in M. H. Birnbaum (Ed.),
Measurement, Judgment and Decision Making. (Academic Press, New York,
1998).

[6] B. Berglund, “Quality assurance in environmental psychophysics”, in S. J.
Bolanowski, G. A. Gescheider (Eds.), Ratio Scaling of Psychological Magnitudes
— In Honor of the Memory of S. S. Stevens. (Erlbaum, Hillsdale N. J., 1991).



Papers ICSV12 CDROM Page 1 of 1

Twelfth International —
Congress on @@@% L
Sound and Vibration N/ —_—

11-14 July 2005 - Lisbon - Portugal

Start Welcome Keynote Addresses Technical Papers Committees Exhibition Sponsors

Experimental investigation of noise annoyance caused by high-speed trains

Paper 846

This paper will be presented in the session Environmental Acoustics - Noise from Transportation.

Authors

Botteldooren Dick (Acoustics Group, Dept. of Information Technology, Ghent University - Belgium)

De Coensel Bert (Acoustics Group, Dept. of Information Technology, Ghent University - Belgium)

De Muer Tom (Acoustics Group, Dept. of Information Technology, Ghent University - Belgium)

Berglund Birgitta (Gosta Ekman Lab., Karolinska Institute and Stockholm University - Sweden)

Nilsson Mats (GOsta Ekman Lab., Karolinska Institute and Stockholm University - Sweden)

Lercher Peter (Department of Hygiene, Microbiology and Social Medicine, Medical University of Innsbruck - Austria)

Full paper (PDF format).

Abstract

The difference in perceived noise annoyance caused by train and highway noise at the same averaged noise level, has led to the introduction of the
‘railway bonus’. This bonus has found its way to the noise legislation in many countries, leading to more relaxed restrictions on time averaged noise
levels, LAeq. With the introduction of high-speed trains and train-like transportation systems based on magnetic levitation, the question has risen
whether the railway bonus can still be applied. This paper reports on an experiment that was conducted to answer this question.

The experiment that was performed was different from previous efforts in many ways. Most importantly, the experiment was conducted in a realistic
setting, a holiday cottage, and participants were asked to engage in light daily activities such as reading a magazine during the tests. Traffic noise was
reproduced in an ecologically valid way, using outdoor loudspeakers. Every ten minutes the participants were asked to judge noise annoyance. At the
beginning of the experiment and after about 1.5 hour the participants were also asked to rate a set of 7 master scaling sounds. After this experiment, a
more conventional listening test was conducted using 45-second excerpts. The experiment was also unique in the way 100 participants were selected to
be representative for the Dutch population. The selection procedure involved careful screening based on a survey that was administered at the doorstep
of 1500 people.

In this paper we focus on the relationship between master-scaled annoyance and facade LAeq. The results from the 2 times 70 minutes annoyance
experiment differed significantly from the results obtained using the much shorter listening test. The LAeg-annoyance relationship obtained for the
conventional high-speed train and for the magnetic levitation high-speed train did not differ significantly. The distance between the listening
(recording) position and the track turned out to be the most important explanatory variable for the differences in exposure-response relationship
observed, more so than vehicle speed or rise time.
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