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Dynamic noise maps are computed to represent the noise levels generated by road traffic in real
time to determine the population exposure to environmental noise. To this aim, a network of
acoustic sensors can be deployed in representative street locations to capture and process raw
acoustic data before estimating the equivalent noise levels (L.4) of the maps. In the framework
of the DYNAMAP project, we conducted a study of the acoustic levels of several streets to de-
termine the most suitable places for the sensors to be deployed in the case study of Milan city.
The conclusions of that analysis were that the streets under test could be described by two dif-
ferent time-dependent behaviors, instead of the functional classification of roads. For a proper
evaluation of the equivalent value L., several acoustic events existent in the street measurements
have to be removed, since they are not generated by road traffic noise. These events, denoted as
anomalous noise events, can come from sirens, horns, noisy human activities, etc. To that effect,
the measured acoustic signal in the street has to be studied to classify whether the sample belongs
to regular road traffic noise, or it is an anomalous noise event, assuming that the typology of these
events is very diverse. In order to allow the deployment of the monitoring system, this evaluation
should be conducted previously, and if possible, in the acoustic sensor sites resulting from the
previous analysis. In this paper, we evaluate the different typologies of anomalous noise events
observed in the city of Milan and we describe them statistically according to the identified street
clusters. Moreover, we study the potential impact they may cause in the L., evaluation if not
discarded.

Environmental sound recognition, dynamic noise maps, anomalous noise events, road traffic
noise, Lq

1. Introduction

Several studies warn about the consequences of noise pollution over the human health, disturbing
the sleep [1] or affecting negatively in concentration and communication between human beings [2].
As a response to the alarming rise of environmental noise pollution, the European Union developed
the European Directive 2002/49/EC related to the assessment and management of environmental noise
(END) [3], which states that the noise level maps of certain city areas should be updated every five
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years. Thanks to the deployment of acoustic sensors networks, dynamic noise maps can address this
goal by representing the equivalent noise levels generated by road traffic in real time. This way, more
detailed information of the exposure of citizens to environmental noise can be obtained.

In this framework, the DYNAMARP project [4, 5] envisions the development of an automatic sys-
tem able to specifically monitor the acoustic impact of traffic noise sources in real time. Two pilot
areas are considered to validate the proposal in urban and suburban areas in Milan and Rome, respec-
tively. The criteria used to identify the monitoring spots is detailed in [6], and the details about the
recording campaign conducted to analyze both urban ans suburban soundscapes are described in [7].
In order to achieve the project goal, the designed system should be able to automatically acquire the
acoustic data and process it to obtain the sound pressure levels generated by the road traffic. Low-
cost acoustic sensors [8] are used to collect the data and a Geographic Information System (a GIS
platform) [9] is employed to represent the noise map in real-time.

One of the requirements of the project is to prevent non-traffic noise sources —denoted as anoma-
lous noise events (ANE)- from biasing the map traffic noise computation. To that effect, an Anoma-
lous Noise Event Detection algorithm (ANED) is implemented in the low-cost sensors in order to
decide whether the input sound comes from traffic or comes from ANE (see [10, 11, 12] for further
details). The implemented algorithm should be capable of classifying the input sound frames into
two main categories: Road Traffic Noise (RTN)/Background Noise (BCK) or ANE at the frame level.
Once the label is assigned to each frame, the sound pressure level is computed after removing the
frames labelled as ANE. This way, the real-time noise map can be updated with traffic noise sources
avoiding certain non-traffic noisy sources as thunders, birds, trains, tramways, airplanes, music, peo-
ple talking, to name a few.

As the Sound Pressure Level (SPL) varies over time, it is necessary to define the equivalent con-
tinuous sound pressure level, known as L.,. In other words, the L., is a global level that would
produce the same energy as the original varying SPL between two given points of time. In our case,
the integration time is one second (1 s) for the analysis of ANE, and 5 min for the noise map tailoring
[4]. Also, an A-weighting filter is applied to model the human-ear frequency response.

The main goal of this paper is to study the noise typology of Milan in terms of ANE, considering
the two clusters described in [13] (further details can be found in [14, 15, 16]), besides analyzing the
impact of the inclusion or removal of the ANE in the L., computation. For this purpose, we compare
the distributions of ANEs within the two clusters in the Milan urban area in terms of occurrences,
durations and Signal-to-Noise Ratio (SNR) following the methodology described in [7]. Moreover,
we discuss the impact of the ANE in the L., by means of some illustrative real-life examples.

The paper is structured as follows. Section 2 describes the details of the two road clusters in the
recording spots of Milan and how they differ when compared to the functional classification of roads.
Next, the typology of the sound events related to the cluster classification is detailed in Section 3,
including several comparisons. Finally, the paper is closed with the discussion of the impact of the
ANE in the L., computation in Section 4 and the conclusions and future work in Section 5.

2. Cluster categorization

The cluster analysis applied to the 24-h continuous monitoring of the traffic noise hourly equiva-
lent levels L 44, of 58 [13] and 93 [17] sites in Milan showed that the database of measurements can
be grouped into two mean noise profiles. These two time-dependent behaviors reflect in roads sharing
the same vehicular dynamics, and show how this approach provides a more real description of the
road network of a large city than the usual legislative road classification (Functional Classification).
These are the reasons behind the DYNAMAP project for the reference pilot area of Milan, where a
dynamic noise mapping will allow traffic noise levels to be updated by using a limited number of
monitoring stations. The updating of each non-monitored road contained in the pilot area is achieved
by assigning each road to one of the two clusters, therefore, according to its intrinsic traffic dynamics.
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We found that a "good" and easily available "non-acoustic parameter" capable of linking efficiently
each road to a specific cluster is represented by the traffic flow rate at rush hour. In Figure 1 the
boxplots of the traffic flow rate at rush hour for the two cluster show that a value of about 2000 ve-
hicles per hour represents a threshold between the two profiles [13, 17]. This result has been further
confirmed by a ROC analysis [18] as reported in [17].
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Figure 1: Box plots of the traffic flow rate at rush hour for the two cluster.

3. Anomalous noise events typology and study

In order to understand the differences in terms of ANE for the two clusters of roads, its nature
is first studied. Milan scenario presents two distinct sets of recordings which must be considered.
Moreover, the several recording points can be classified in clusters depending on the typology of
the existing sounds and the temporal distribution along the day. In Table 1, all the Milan recording
campaign details are given including the cluster and functional classification as reported in [13].

Table 1: DYNAMAP Milan Measurement Campaign.

Functional Time ANEs
Cluster Street Classification (UTC +01) Duration | found
(hh:mm) (hh:mm:ss)
Piazza Ospedale Maggiore E 12:48 00:30:06 49
| Viale Fulvio Testi F 17:22 00:46:36 60
Viale Sarca F 11:08 00:17:38 19
Via Giovanni D’ Anzi E 14:18 00:30:20 20
Total Cluster 1 | 02:04:40 | 148
Via Della Pergola B 13:54 00:13:06 25
Via Privata Mario Galli A 16:33 00:17:06 62
2 Via Chiese D 11:46 00:30:45 50
Via Gaeta B 15:55 00:30:24 109
Via Giuseppe Guerzoni C 17:26 00:21:43 154
Total Cluster 2 | 01:53:03 | 400

| All Clusters | 03:57:43 | 548 |

Table 2 shows the tags used in the labelling phase together with the type of sound events that they
represent. In some cases throughout this section, the ANEs are analysed in two parts for illustrative
purposes, which are represented by the two set of columns in the table.

In the following subsections, several analysis of ANEs for each cluster are made in terms of
several metrics. Firstly, an overview of the sound events typology for each cluster is presented, after
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Table 2: Tags used in the labelling process.

airp airplanes musi music from cars

bike bikes peop people talking

bird birdsong sire sirens

brak vehicle brakes stru structure sounds and vibrations
busd bus or tram doors thun thunders

chai | chains (e.g. from bikes) || tram tramway pass-by

dog dog barks tran train pass-by

door | house or vehicle doors | trck | heavy-load vehicles passing a bump
horn vehicle horns wind | noise of wind and leaf movements
mega station PA

that, a detailed comparison of two sound event features (duration and SNR) is given, which results
reinforce the need of street clusterization.

3.1 Number of occurrences and duration of ANEs for each cluster

In this subsection, a first analysis of the ANE typology is presented. A comparison between the
nature of sounds which may be heard in every cluster and the aggregated duration of each type of
ANE is shown for both clusters.
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Figure 2: ANE occurrences for each cluster. Figure 3: ANE aggregated durations per cluster.

The reader can figure out the nature of each cluster from the analysis of Figures 2 and 3. More
pedestrian-related sounds are heard in cluster 2, i.e., door-like sounds, barks of dogs and sounds
coming from people. Even though a lot of people sound occurrences are registered, it is worth to
mention that several tags could be part of a single conversation. However, more public transport
doors, brakes, bikes and horns are heard in cluster 1. These facts are an indication that cluster 1 roads
belong to areas with more high traffic density while cluster 2 contains roads with higher presence of
pedestrians together with lower traffic density.

3.2 Detailed analysis of the ANE duration for each cluster

In this subsection, a detailed analysis of the ANE duration is presented for each type and cluster.
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Figure 4: Duration boxplots of the ANEs in two groups (Left: first group. Right: second group.)

The reader may observe in Figure 4 the measured lengths for each ANE, which can present a
great importance when considering their contribution to L., value measured during all day. Although
events like airplanes and brakes are not the most frequent in any of the clusters, their presence should
not be underrated. With an approximate median values of 6 and 3 seconds respectively, they stand out
from other detected ANEs whose median stays between 0.5 and 1 seconds. Also trains and trams,
with a median value of around 10 seconds, and sirens, with a median value of more than 15 seconds,
have to be taken into account for their strong influence to the L., value calculus, especially due to
ANE duration.

3.3 Detailed analysis of the ANE SNR for each cluster

In this subsection, a detailed analysis of the Signal-to-Noise Ratio for each ANE type and cluster
is given. SNR can be interpreted as a measure of acoustic salience of the anomalous noise event in
regard the background traffic noise. The SNR estimation is carried out comparing the median L.,
level of the ANE region to the median L., level of the nearest surrounding RTN region. The L., level
of the surrounding RTN region is measured in both sides of the ANE if possible, right before and after
the ANE occurrence. However, in some cases this is not possible and only the previous or the next
region can be considered (see [12] and [7]) for further details).

Figure 5 shows the boxplots of the SNR separated by typology and cluster.
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In Figure 5 the higher SNR ANEs can be clearly identified for each cluster.
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evaluation of the SNR in each cluster are not equal for each ANE, despite there is a coincidence in the
ANESs showing higher SNR. We can highlight that thunders, doors and horns are the noisiest events
detected in both clusters, while brakes, dogs, sirens tramways and trains are salient but only in one.

4. Impact of the ANE SNR on the L., computation

As it has been observed in the previous analyses, the ANE present a large variability in terms
of occurrences, durations and SNRs. In this section, we discuss the impact of these acoustic events
in the L., computation according to their acoustic salience measured in terms of their SNR with
respect to the RTN or BCK, concluding the importance of detecting properly ANE in the acoustic
data measured.

Salient brake (brak) recorded in Milan Non-salient brake (brak) recorded in Milan
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Figure 6: Example of a salient ANE. Figure 7: Example of a non-salient ANE.

In Figures 6 and 7, two examples of different ANEs recorded in Milan are shown for illustrative
purposes. The first belongs to a salient ANE and the second to a non-salient ANE, both labelled
as brake sounds. In both figures, the noise event activation is shown as a binary yellow function.
Moreover, the L., curve with 1-s integration time is depicted when considering the whole signal (in
blue), and without considering the sound level corresponding to the ANE time region by performing
a simple linear interpolation of the L., values between its start and end points (in red). As it can
be observed, the L., curve within the ANE time region is above the interpolated L., curve (without
ANE) for the salient anomalous noise event, and its just the opposite for the non-salient ANE. For the
evaluation of these two examples, the value in dB of each measured L., is not a key parameter, but
the comparison amongst the L., values during the ANE and the L., values of the signal surrounding
the ANE. As a next step, future work will be focused on the study of the acoustic salience of an
anomalous noise event to determine whether it should be removed from the L., calculus or it should
be maintained.

In Figure 8, the L., measures of two entire recordings is shown using a 5-min integration time,
which is the proposal for the noise map tailoring [15]. The two examples show few samples due to
the length of the measurement campaign samples (see Table 1). One can appreciate the difference
between the L., curve considering the whole sound when compared to the corresponding function
after excluding the ANEs. Specifically, in the leftmost example, only a difference of 1.1 dB is appre-
ciated between the RTN-only and the whole sound, which is negligible as it lower than +2d B [19].
However, in the rightmost example, a difference of 7.3 dB is obtained between both values, which
would have a significant impact if it is computed in the traffic noise map. These two examples show
the impact that identifying the ANEs correctly can produce in the computation of L.,, which leads to
the need of detecting the ANEs before integrating the noise level measures in the traffic noise maps
when developing acoustic sensor networks.
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Two examples of Milan with and without ANEs
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Figure 8: Left: example of the impact of a non-salient ANE in the L., computation. Right: example
of the impact of a non-salient ANE in the L., computation. In both cases, an integration time of
5 minutes for the L., computation is considered.

5. Conclusions

This work has presented the analysis of a real-life anomalous noise events database collected
in a urban scenario within the Milan pilot area of the DYNAMARP project. The characteristics of
ANEs in terms of occurrences, durations and SNR distributions within the two previously observed
road clusters in Milan and their impact in the road traffic noise level computation have been detailed
through some salient and non-salient ANE selected from the databased for illustrative purposes.

The analysis of the ANE distribution within the two clusters corroborate the hypothesis of dividing
the Milan streets in terms of homogeneous 24-h noise patterns instead of following their functional
classification. The number of occurrences and the duration of each type of ANE category present
different values per cluster; e.g. cluster 2 contains more noise samples related to pedestrians, whereas
cluster 1 contains more noise samples related to public transport, which is in concordance with the
typology of roads that compose each cluster. Moreover, the SNR levels for each ANE category are
different for each cluster, but they share the same type of noisiest ANE categories (e.g. thunders,
horns, doors, etc.).

The impact of ANEs in the L., computation has also been demonstrated through illustrative ex-
amples collected during the Milan measurement campaign. It has been shown that the inclusion or
removal of both salient (high SNR) and non-salient (low SNR) do affect the computation of the L,
computed with 1-s and 5-min integration times. This preliminary results encourage us to continue the
study of the influence of the ANE in the calculation of the equivalent value to draw the dynamic map.

Although we have analyzed around 4 hours of real-life acoustic data, the recordings only represent
between 20 and 30 minutes of audio per road at best. Therefore, more analyses need to be done to
confirm the reported differences. To this aim, we plan to consider longer periods of time in the
measurements to cover the whole day and night to obtain stronger conclusions. From these future
analyses, we expect to obtain a more detailed analysis of the typology of ANE together with their
most relevant characteristics (e.g., duration and SNR), being also necessary to extend preliminary
conclusions of their impact in the L., computation for a reliable noise map update.

REFERENCES

1. Stansfeld, S.A. and Matheson, M.P. Noise pollution: non-auditory effects on health. British medical bul-
letin, 68 (1), 243-257, (2003).

2. Goines, L. and Hagler, L. Noise pollution: a modern plague, Southern Medical Journal, 100 (3), 287,

ICSV24, London, 23-27 July 2017 7



ICSV24, London, 23-27 July 2017

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

(2007).

. E.U., Directive 2002/49/EC of the European Parliament and the Council of 25 June 2002 relating to the

assessment and management of environmental noise, Official Journal of the European Communities, L
189/12 (2002).

Sevillano, X., Socoré, J.C., Alias, F., Bellucci, P., Peruzzi, L., Radaelli, S., Coppi, P., Nencini, L., Cerniglia,
A., Bisceglie, A., Benocci, R., and Zambon, G. DYNAMAP - Development of low cost sensors networks
for real time noise mapping, Noise Mapping, 3, 172-189, (2016).

Dynamic Acoustic Mapping. Development of Low Cost Sensor Networks for real time noise mapping.
European LIFE+ project (LIFE13 ENV/IT/001254) www.life-dynamap.eu (available on line, last accessed
Jan 20th 2017).

Radaelli, S., Coppi, P., Giovanetti, A. and Grecco, R. The LIFE DYNAMAP project: automating the
process for pilot areas location, Proceedings of the 22™% ICSV, Florence, Italy, 12—16 July, (2015).

Alfas, F. and Socoré J.C. Description of Anomalous Noise Events for Reliable Dynamic Traffic Noise
Mapping in Real-Life Urban and Suburban Soundscapes, Applied Sciences, [ Accepted, to appear 2017].

Nencini, L. DYNAMAP Monitoring Network Hardware Development. The 22" ICSV22, 12-16 July 2015,
Florence (Italy).

Cerniglia, A. Development of a GIS based software for real time noise maps update, Proceedings of the
45t INTERNOISE, Hamburg, Germany, 21-24 August, (2016).

Socord, J.C., Ribera, G., Sevillano, X. and Alias, F. Development of an Anomalous Noise Event Detection
Algorithm for dynamic road traffic noise mapping, Proceedings of the 22"% ICSV, Florence, Italy, 12-16
July, (2015).

Alias F., Socoré J.C., Sevillano X., Nencini L. Training an anomalous noise event detection algorithm for
dynamic road traffic noise mapping: environmental noise recording campaign. Proceedings of the 46"
National Congress on Acoustics, Valencia, Spain, 21-23 October, (2015).

Socord, J.C., Albiol, X., Sevillano, X. and Alias, F. Analysis and automatic detection of anomalous noise
events in real recordings of road traffic noise for the LIFE DYNAMAP project, Proceedings of the 45"
INTERNOISE, Hamburg, Germany, 21-24 August, (2016).

Zambon, G., Benocci, R. and Brambilla, G. Cluster categorization of urban roads to optimize their noise
monitoring, Environmental monitoring and assessment, 188.1, 1-11, (2016).

Zambon, G., Benocci, R. and Bisceglie, A. Development of optimized algorithms for the classification
of networks of road stretches into homogeneous clusters in urban areas, Proceedings of the 22™* ICSV,
Florence, Italy, 12—-16 July, (2015).

Zambon, G., Angelini, F., Salvi, D., Zanaboni, W. and Smiraglia M. Traffic noise monitoring in the city of
Milan: construction of a representative statistical collection of acoustic trends with different time resolu-
tions. Proceedings of the 22" ICSV, Florence, Italy, 12—16 July, (2015).

Zambon, G., Benocci, R., Angelini, F., Brambilla, G., Gallo, V. Statistics-based functional classification of
roads in the urban area of Milan. Proceedings of the 7th Forum Acusticum, Poland, 7-12 September, 2014.

Zambon, G., Benocci, R., Bisceglie, A., Roman, H.E., Bellucci, P. The LIFE DYNAMAP project: Towards
a procedure for dynamic noise mapping in urban areas, Applied Acoustics, (2016).

Fawcett, T., An introduction to ROC analysis, Pattern Recognition Letters, 27, 861-874, (2006).

European Commission Working Group. Assessment of Exposure to Noise (WG-AEN). Good Practice
Guide for Strategic Noise Mapping and the Production of Associated Data on Noise Exposure. Version 2,
13th of January 2006.

ICSV24, London, 23-27 July 2017



