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ABSTRACT
Environmental noise is a major source of annoyance with serious effects on health. Therefore, noise
assessment is crucial to reduce these impacts. An alternative approach, based on noise measurements
with smartphones, may overcome the limitations of classical assessment methods, such as simulation
tools. In this way, the NoiseCapture approach was developed, consisting of measuring and sharing
data, in order to produce community noise maps. Nevertheless, collected data may suffer from
problems such as a lack of calibration, which lowers its quality. Quality control is therefore very
important to enhance the data analysis and the relevance of the noise maps. Having trustworthy
data as a reference can help in assessing the database, for example using machine-learning methods.
With NoiseCapture, such data can be collected thanks to a NoiseCapture Party, an organized event,
on limited space/time (i.e. a cluster of data). Because not all events are known by the research team
in charge of NoiseCapture, and since the corresponding data can be considered of better quality, so
their detection is a relevant task to trust the database. In the present communication, a clustering
methodology is then proposed to automatically detect data that have been produced in such events.

1. INTRODUCTION

Noise is a major source of pollution with impacts on health, especially in urban areas. The public
authorities are trying to solve, this essential societal and health issue by putting regulations in place.
In Europe, for example, directive 2002/49/EC seeks to establish an inventory of noise annoyance, to
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propose actions to reduce this annoyance and to communicate to citizens about their noise exposure.
In this regulatory context, the key tool for decision-makers is to generate strategic noise maps.

Instead of using noise prediction software, with their inherent limits, an alternative method is to
use more affordable sensor networks, allowing to densify the observation points [1], and in particular,
to consider the participation of citizens as data collectors, in a crowd-sourcing approach, using
smartphones as a sensor (i.e. a measuring instrument). NoiseCapture (NC) approach [2, 3], a part
of the Noise-Planet project [4], is an example of such method.

However, a recent analysis [3] have shown that collected data with NC may suffer from several
problems due to the technical limitation of the smartphone, the respect of a relevant measurement
protocol, the acoustic calibration, the GPS accuracy. . . Quality control such as anomalies detection
or data correction is therefore a very important task to enhance the database’s quality and make it
more fit for a relevant use. In order to develop such method, a reference database is needed. In the
NC approach, such data may occurs when considering NoiseCapture Parties, i.e. an event that is
organized, by experts, on limited space and time period to collect simultaneously a large number of
contributions. Data collected in such event can be considered of better quality, since the contributors
are supervised and because the smartphones are generally calibrated. Consequently, the data be
considered as references. If most of the time, such events are organized by the NoiseCapture project
team, it also happens that they are organized outside the framework of the project. Therefore, it
would be of particular interest to be able to identify such events in the NC database, in order to feed
a reference dataset. More explicitly, such method that consists in regrouping data with similar spatial
and temporal characteristics, is known as spatial clustering/temporal clustering.

The objective of the present paper is therefore to implement a clustering method, using the Density-
Based Spatial Clustering of Applications with Noise approach (DBSCAN) [5], to identify in the
database similar events to NoiseCapture Party. Note that the term ’Noise’ that is employed in the
name of the method does not refer to the environmental ’noise’, but to ’noise’ in the data.

2. MATERIALS AND METHODS

2.1. NoiseCapture approach
NoiseCapture is an android application that was developed to let people participate in collecting

noise data to generate noise maps. After starting the measurement (figure 1), the user moves along a
path of his choice. An acoustic measurement is realized each second (1 s equivalent sound level and
other acoustic indicators) as well as additional information such as the date/time of the measurements,
the GPS location and accuracy of the measurement point, the speed of the user. . . When the user
stops the measurement, he can provide optional information, such as the presence of sound sources
(using ’tags’), the conditions of measurements (using ’tags’) and the appreciation of the pleasantness
(according to a scale of values). Lastly, the collected data, which are anonymous, is uploaded to the
NC remote server and integrated into the NC database. The raw data collected by from the entire
community is then used to create a first noise map, which can be displayed on the NC application and
on the NC web platform.

Since the launch of the application in September 2017, a large amount of data is available, offering
the possibility to analyze the data on over a large spatial area and over a long period of time. At that
time, this database, which is distributed under the Open Data Base License [4] and updated everyday
at 3:30 a.m., represents the equivalent of more than 1,080 days of 1 second measurements (more than
375,000 tracks and 93 million measurement points) collected by over 90,000 contributors over more
than 200 countries. The DBSCAN algorithm that is presented is the next section, has been performed
on a 3-years extraction of this NC database, from 29/08/2017 to 28/08/2020, starting from the official
release version ’28’ of the NC application [6]. Any measurement point in the NC database without
geo-localization (may be a full track or only a part of a track) have been deleted before processing



Figure 1: NoiseCapture approach. Left: screenshot of the NoiseCapture application (’Spectrogram’
view). Right: Representation of a NoiseCapture measurement: track and measurement points.

the DBSCAN method. Using this NC database extraction, all the data can be organized on relational
database, which can be manipulated using GIS tools.

2.2. DBSCAN method
The objective of the method is to be able to detect a cluster of points, based on the detection of

a higher density of measurement points in certain spatial areas. If the density is ’abnormally’ more
important over a short period of time than in other areas, then it is possible to consider that these
measurements were generated during an event.

The principle of the DBSCAN approach is relatively simple (figure 2). Starting from a
measurement point, chosen randomly, it is sought in a circle of radius Eps the presence of a minimal
number of points (MinPts). Then, starting from each of these points, new points are searched
following the same principle. The procedure stops when the cluster thus built does not manage to
progress any more. The process will restart after selecting a new starting point randomly. When the
clustering is complete, multiple clusters might be formed .

Figure 2: Graphical representation of the DBSCAN approach.

The DBSCAN method has been implemented using the DBeaver universal database tool [7]
with the specific ’PostGIS’ function ST_ClusterDBSCAN [8], which is a 2D implementation of the



DBSCAN algorithm. This function takes 3 entries: geom as geometry data type, Eps as float data type
and MinPts as an integer data type. The results are saved in table called NoiseCapture_cluster,
which contains the measurement point Id (pk_point) of coordinates (the_geom) and cluster Id
c_id. An other variable (pk_party) is also added, to verify if the corresponding point is already
part of a known NoiseCapture Party event, and, if yes, the corresponding NoiseCapture Party Id.
Finally, the data and the clusters can be plotted in GIS software, such as QGIS in the present case.
Note that all the tools used in this study are Open Source.

The NC database is coded using the WGS 84 (World Geodetic System 1984) format [9], which
is an horizontal component of a 3D system, used, for example, by the GPS satellite navigation
system. In other words, the type of the coordinates is geographic. This encoding uses ’degree’ as
measure distance, while the ST_ClusterDBSCAN function only takes coordinates of type ’geometry’.
Therefore, a transformation to the metric projection EPSG:3857 (Pseudo-Mercator) [10] is required
before applying the algorithm. This projection can only be used for data between 85.06°South and
85.06°North, which is in agreement with the NC database (NC data is bounded between 74.49°South
and 78.73°North). The transformation has been done using the PostGIS function ST_Transform [11].

The entire DBSCAN processing takes around 16 hours to perform the clustering on the 3-year NC
database using a low personal computer.

3. RESULTS

3.1. NoiseCapture data clusters identification
In a first step, a preliminary study (not detailed here) allowed to identify the ’best’ sets of

parameters (Eps and MinPts) to identify known NC Party type events. This work was done by
applying the DBSCAN algorithm on spatial areas on which known NC Parties had been organized
in the past. The ’best’ parameters are finally those which allow to obtain the best success rate of
detection of these events (in number of points and in number of tracks), which gives Eps=3000 m
and MinPts=5000 points. In concrete terms, this means searching, step by step, for clusters for
which each measurement point is close to 5,000 other measurement points within a radius of 3 km.

When applying the DBSCAN approach on the whole global database, 2,046 clusters are found in
68 countries; in particular, 975 clusters in the United States, followed by France (297 clusters)
and United Kingdom (111 clusters). Note that these 3 countries are considered among the top 3
contributors to the NC database [3]. Among these 2,046 clusters, 1,567 (76.59%, in 40 countries)
are generated by only one single user (1,155 users). Also, 252 (12.32%) clusters were generated by 2
users across 31 countries (434 users), in which 65 were users that were sole collectors of some clusters
(65 of 434 are part of the 1,155 users that collected clusters with one user contribution). This leaves
227 clusters (representing 24,280 tracks and 4,548,638 points) with at least 3 users contributing to the
collect of data, in France with 95 clusters, in United States with 36 clusters and in Switzerland
with 9 clusters (figure 3). As expected, 19 of these identified clusters were known as NoiseCapture
Party events.

3.2. Elements of validation
The analysis of the literature shows that scientific studies have been conducted on the basis of the

collection of measurement data using the NC application, by teams without any link with the NC
project team. At this stage of our study, it seems interesting to check if corresponding clusters have
been found for these specific experiments. This would constitute a complementary validation element
on the developed approach.

A first study, published in 2020, was carried in Japan [12] in order to evaluate the effect of COVID-
19 pandemic lockdowns in the eastern edge of the city of Kobe. A NC measurement campaign was
set up over a period of one hour (10:00-11:00 a.m.), with an averaging time of 30 seconds, at 6
locations in an urban area (as well as at a fixed position in front of a building), on 2 different days in



Figure 3: Representation of the NoiseCapture clusters found around the globe (the cluster points may
overlay).

May 2020, during and after the lockdown period. Using our clustering approach, several clusters have
been found in Japan in 2020, but none that could correspond to this measurement campaign (however,
’individual’ measurements have been identified over this period in this area by some NoiseCapture
users, which could be associated a posteriori to this measurement campaign). This is probably due
to a number of measurement points (2 days x 7 locations x 120 measurements (i.e. 1 hour with an
average on 30 s) = 1680 points) that is a priori lower than the number of measurement points for
detecting clusters (MinPts=5000 points). It is however interesting to note that two clusters have been
detected on this area in July 2020 and in August 2020 (may be additional measurements to the initial
experimentation), both collected by the same 2 users that carried out the event on May 2020.

Another NC measurement campaign was carried out in India [13], in three urban zones,
corresponding to specific noise ambiances of the Lucknow city: ’Polytechnic chauraha’, ’Hazrat
ganj chauraha’ and ’Haniman chauraha’. In total, measurements were made at 14 locations, over 3
time periods of a day (morning, afternoon, evening), every 10 minutes. Here again, the number of
measurement points was a priori not sufficient for our clustering methodology to detect this event as
a cluster.

Another experimentation, involving the comparison of several smartphone noise measurement
applications was conducted in 2018 [14]. Measurements were performed over 3 periods of one
day (7:00-9:00, 15:00-17:00 and 19:00-21:00), two times, in an area of the city of Zagreb, Croatia.
The reference [14] (a student report) does not give much indication about the sampling of the
measurements and the exact date of the measurements, but the application of our methodology has
identified an event that could correspond to a part of this experimentation, located at the same place,
between March 12 and 18, 2018, and consisting of 3 tracks for 6,417 measurement points.

The last event that can be found in the scientific literature took place in the City of Cairo in Egypt
on August 2018, in order to study the effect of noise pollution on patient undergoing surgery [15]. The
corresponding measurement were correctly found by the clustering approach, composed of 5 tracks



with 9,418 points, and collected by only 1 user.

4. CONCLUSION

The objective of this study was to set up a method to detect and group NC data (i.e. a clustering
approach) that could have been realized in the context of a specifically organized event, such as the
NC Parties organized by the NC project team. The final objective is to be able to use this data, which
is judged to be of better quality, to create a reference database which would then be used, via quality
control methods, to give a quality criterion to the other data in the NC database.

The proposed approach uses the DBSCAN algorithm, a density-based spatial clustering method,
which aims to group data in function of the density of points, meaning that higher density zone can
be considered as a cluster of data, in comparison with lower density zones. Following a preliminary
study to define the most appropriate parameters of the DBSCAN method, the approach was used on 3
years of NC data and has identified about 2,000 clusters over the globe. Most of the NC Parties were
naturally found (which was expected, since the parameters of the method were optimized on these
events), but other clusters, corresponding to experiments using the NC application, published in the
literature, were also found.

It is however very clear that not all the clusters that are found correspond specifically to the
expected type of events. It could be useful to be more demanding on the DBSCAN parameters,
to reduce the number of clusters obtained, by limiting ourselves to larger amounts of data, even if it
means missing smaller events.
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