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ABSTRACT

Noise is one of the main environmental pollutants and represents a public health concern due
to its wide impact, among others, on annoyance and citizens’ quality of life. Real-time noise
monitoring can help authorities in decision-making and policy design to address this problem.
In this respect, several Wireless Acoustic Sensor Networks (WASN) have been deployed,
mainly in European and American countries, focusing on critical locations as big cities. These
networks mainly measure the noise levels associated to road traffic. However, other types of
sounds may be found in urban areas. In this work, we propose the analysis of a dataset
collected through a WASN in the urban area of Milan, which contains several common noise
events such as dogs barking, sirens, horns, trains, among others. In order to evaluate how
citizens perceive these sounds we have designed a set of off-line listening tests. Participants
are asked not only to rate the degree of annoyance but also other qualities such as loudness,
sharpness or pleasantness. Moreover, psychoacoustic parameters of the evaluated audios
are extracted and compared with the tests results to look for relationships.

INTRODUCTION

Literature shows that noise is currently one of the main environmental pollutants affecting the
health of people living specially in urban areas [1,2]. The common effects of noise pollution on
people’s health includes cardiovascular disease, cognitive impairment, sleep disturbance,
tinnitus and annoyance [3]. In response to this situation, the World Health Organisation (WHO)
has recently released a new set of environmental noise guidelines [4].

In order to automatically monitor the noise levels, several projects have deployed Wireless
Acoustic Sensor Networks (WASNSs), which allow data gathering for noise mapping [5,6].
Nevertheless, WASNSs typically describe environmental noise using the Laeq values, without
taking into account the sound sources. In this context, the LIFE DYNAMAP project has
deployed a sensor network that monitors traffic related to road traffic [7], which incorporates
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an Anomalous Noise Event Detector (ANED) in order to discard any other noise event but
Road Traffic Noise (RTN) in the computation of the traffic noise maps.

Although ANEs have been generally left out of the scope of noise mappings, they do form part
of the urban sonic environment and should therefore be considered. Indeed, ANEs do
influence people’s perception of the environment and they can also cause annoyance and
health problems. For this reason, the soundscape approach suggests the assessment of all
sounds perceived by a person or a group of people [8]. Most studies on acoustic pollution
attempt to link the annoyance caused by noise to their equivalent level Lasq. However, there
are other acoustical characteristics of sound that are closer to how humans perceive sounds,
such as the psychoacoustic parameters defined by Zwicker [9].

This work is a first approach to study the degree of annoyance caused by the different types
of acoustic events occurring in the daily life in an urban environment. We propose to assess
the acoustic environment of the citizens through a perceptual-oriented approach based on the
data obtained by means of a 24-sensor WASN deployed in the city of Milan in the framework
of the LIFE DYNAMAP project [7]. The goal is to determine, through off-line perceptual tests
conducted with 100 participants, which type of usual urban sound is considered most
annoying by people, and how sound annoyance can be related to two psychoacoustic
parameters (loudness and sharpness).

This first approach has considered three types of test:

e Pair-wise comparison: we have asked the participants to choose the most annoying of
two samples of the same type of sound, collected in the same sensor and with similar
loudness levels and different sharpness values, in order to determine the relevance of
the sharpness in the annoyance within the set of samples used in the test.

o Sensations test: after selecting several relevant acoustic events (sirens, horns, dogs
barking, etc), we have asked the participants to use a 5-point Likert scale to evaluate
the degree of agreement with different adjectives describing the sound (loud, shrilling,
disturbing, sharp, or pleasant)

e MUSHRA [10] test: this is a multiple sound evaluation test that consists of several sets.
For each of the sets, we have selected several sounds of various types with similar
loudness and sharpness coming from the same sensor of the WASN, and we have
asked the participants to put them in order from most annoying to less annoying in a 0-
100 scale.

RESULTS

The results of the pair-wise comparison test [11] are almost divided in terms of the sharpness
comparison between the two audios under test. Nevertheless, the results showed that there is
a high dependency between the results and the type of sound analysed (door, airplane,
works, bird, horn, etc.).

The evaluation of the pair-wise comparison test has led us to deepen the analysis of the other
two tests [12]. With more than 100 tests conducted, which is the most pleasant sound in the
Sensations test? According to the results, none of the presented sounds is really classified as
pleasant, but the less annoying one is People, as well as the most disturbing is the truck, or
the most strident is the siren. This first approximation to the results encourages us to deepen
the analysis for the Sensations test.
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Finally, the results of the MUSHRA test show several coincidences even for different groups of
sounds collected in different sensors. The siren, if present in the set of sounds under test, is
always classified as the most annoying of all sounds, followed by work construction sounds
and horns. The least annoying sounds usually correspond to birds or people. We envisage
promising results in the MUSHRA evaluation, due to the fact that we can work not only with
the annoyance values assigned to all and each of the samples, but also analyse the
relationship between the values of the different sounds in the same set.

CONCLUSIONS

The preliminary analysis conducted through the three types of tests, in which 100 people
participated, encourage us to keep working on the obtained data. Further analysis should be
done, evaluating not only the answers of the participants, but also considering the bias that
their age, gender and living-area can introduce in the results.

The long-term objective is to observe the dependencies between the psychoacoustic
parameters measured in real-operation settings and the annoyance perceived by the citizens,
considering the several types of test conducted.
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