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1. Abstract

Within the LIFE MONZA project it is foreseen the realization of numerous activities of noise and air quality
monitoring in order to verify the effects of the interventions carried out in the pilot area.

In particular, referring to the noise monitoring activities, as far as noise monitoring is concerned, both
weekly monitoring with precision class | measurement chain and long-term monitoring using a prototype
network of low cost sensors specifically designed and built by the Department of Industrial Engineering of
the University of Florence are foreseen. The network of low cost sensors has been developed for
continuous monitoring in ex ante and ex post scenarios, but at the end of the project, the prototype will
be delivered free of charge to the city of Monza which will use it for monitoring activities at least in the
three years following the end of the LIFE MONZA project.

2. Smart noise monitoring network: design

The pilot area, identified in the Liberta district of Monza, is crossed by a main street with high road traffic
(Viale Liberta) on which secondary streets of the district are inserted. The noise pollution levels are on
average so significant that the Liberta district has been identified as a critical area in the Action Plan of the
city of Monza. The strategic noise map of the city of Monza in 2012 showed that, within a radius of 30 m
from Viale Liberta, 100% of the buildings were exposed to levels above 65 dB(A) during the day and 55
dB(A) at night.

The network of smart noise sensors and their position were defined primarily in order to adequately cover
the different types of roads that characterize the pilot area. Secondly, in the choice of the position of the
sensors, the possibility of having a connection to the power grid avoiding the use of solar panels has been
privileged. In summary, 10 control units were defined and installed in the pilot area of the Liberta district
(Figure 1), three of them along Viale Liberta, while the others were distributed evenly along the other
roads within the pilot area.
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Figure 1 — Distribution of smart sensors in the Liberta district.

3. Smart noise monitoring network: specifications

The technical specifications of the smart sensors have been defined taking into account the objective of
long-term monitoring with reference mainly to the A-weighted continuous equivalent sound pressure level
and the outcome of the state of the art analysis described in [1, 2, 3]. The following main specifications of
the monitoring units have been defined:

- Acoustic parameters: overall A-weighted continuous equivalent sound pressure level, 'LAeq' and
continuous equivalent sound pressure level, 'Leq’, as 1/3 octave band spectrum data;

- data recording times: data are acquired with a time base of 1 second to allow the recognition of unusual
events during possible analysis;

- timing for data transmission: data are sent to the remote server every hour;

- data transmission network: the data are transmitted over the 3G mobile phone network;

- power supply: small solar panel (30cm x 20cm) and battery for energy storage or direct connection to the
power grid;

- position of the sensors: on the streetlamp or fagade, 4 m above ground level;

- sensor type: low-cost % or % inch microphone with removable rain protection;

- background noise < 35 dB(A);
- frequency response at nominal frequencies of 1/3 of an octave within class | + 1dB specifications.

Starting from the required specifications of the system, the architecture of the monitoring system has been
defined with main reference to the low cost monitoring units developed in the Life DYNAMAP project [4]
which comply with the required specifications, but adapting the data transmission, storage and post-
analysis modes to the needs of the LIFE MONZA project.

As far as the hardware components are concerned, each monitoring unit has been defined to achieve high
energy efficiency and low computational load. In particular, it has an average power consumption varying
between 180 mW and 250 mW, depending on the transmission power and distance from the nearest radio
base station of the cellular network and the type of transmission protocol used (2G, 3G). They can
therefore be powered by solar panels (dimensions 30cm x 35cm) and are equipped with an integrated
power supply battery, with the possibility of being connected directly to the electricity network.
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To achieve this high energy efficiency performance, MEMS digital microphones have been used that do
not require the use of an external ADC. The MEMS microphones have been adapted on a % inch cylindrical
plastic stand to allow the insertion of a standard acoustic calibrator.

These units are also equipped with a low power microcontroller capable of calculating the A-weighted
continuous equivalent sound pressure level, "LAeq", by means of digital IIR filtering and, by means of FFT,
the 1/3 octave continuous equivalent sound pressure level, "Leq".

The units currently connect periodically (every hour) to the Internet and transfer the collected acoustic
data, together with statistics on battery level and transmission signal quality. The data populates a
dedicated database, optimized for handling large amounts of data. In addition, a web application has been
developed to display the position of the control units on a navigable map, display the data and download
it.

4. Procedures for verification of correct functioning

The smart noise monitoring system was installed in the Liberta district of Monza continuously recording
data (LAeq,1s in terms of broadband value, and Leq,1s in terms of 1/3 octave bandwidth values) acquired
by the 10 sensors.

A web interface has also been developed with the aim of making it possible to view and download data
referring to a user-defined period of time.

So far the system has proven to be robust. There have only been two microphone failures downstream of
a significant meteorological event and malfunctioning problems related to battery discharge of the control
units on pole. From the web interface it has been possible to easily verify the breakages and malfunctions
and to quickly proceed to the replacement of the sensor or battery, which in any case represent the low
cost components of the system.

In addition, the system has been subject to periodic on-site checks, generally every 4 months, which have
allowed to verify the operating status of the system over time. The checks were carried out both through
traditional calibration procedures (using a class | calibrator that emits a 94 dB amplitude sinusoidal signal
at 1 kHz) and dedicated ones.

Through periodic verifications it was possible to analyze the performance of the system over time and any
changes in microphone sensitivity. In general, after 30 months from the installation, the network of low
cost sensors has proved to be robust and effective with performance comparable to that of class Il
measurement chains consistent with the initial objectives.

5. Using of data acquired with the smart sensor network

Data acquired by the 10 sensors can be used to verify the trend of sound levels in the study area. Above
all, the analysis of the time series of sound levels to verify the effects of the implementation of
interventions is of particular interest. For example, from the time series of data acquired by the hb101
sensor (Figure 1), located along Viale Liberta on the facade of the Civic Centre, it is possible to analyse the
results of the re-paving intervention with new low-noise pavement made on Viale Liberta.

In particular, Figure 2 shows the contribution of the laying of the new pavement: on the left of the graph
there is the A-weighted continuous equivalent sound pressure level, "LAeq", for one week before the
intervention, in the centre of the diagram there is the sound pressure level recorded during the phase of
the intervention realization and on the right of the graph there is the time history starting one month after
the end of the work. The month following the works has not been considered for the analysis because it is
a necessary period for the stabilization of the new pavement. Focusing on these first processing data, it is
possible to observe a visible noise reduction due to the laying of the new low-noise pavement.
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Figure 2 - Noise levels recorded by the hb101 sensor before, during and after laying the new paving.

What is more, the comparison of the benefits obtained and verified on the smart sensors is absolutely
similar to those obtained with a weekly monitoring unit in class | [5, 6].

Even the absolute levels acquired by the low cost sensors and the class | chain, adjusted for a deviation
related to the different position of the sensors, are certainly aligned, demonstrating the reliability of the
data collected through the monitoring network with smart sensors.

The data collected by the smart sensors are then used to calculate the sound pressure levels in terms of
weekly LAeq, a comparison parameter with the noise limits set and used, together with other
environmental indicators, to monitor the environmental acoustic quality within the pilot area of the Life
MONZA project.

Moreover, always starting from the data acquired in high resolution (every second) from the low cost
sensors, during the post-processing phase, the value of the index called "Harmonica" [7] published and
made available with real time update (every hour) through the "App" developed within the Life MONZA
project is also determined for each sensor.

6. Analysis of noise trends during the period January — March 2020

Due to the spread of the COVID-19 pandemic, it has been deemed of interest to analyse LAeq data provided
by the smart monitoring units in the trimester from January to March 2020.

In fact, due to the progressive adoption of restrictive measures at national level and at local level by the
Municipality of Monza, a reduction in terms of noise levels is expected to be spontaneously achieved.
Coherently, a noise reduction of 6.1 — 6.7 dB in terms of Lden has been envisaged by sensors located along
Viale Liberta in the period after the second week of January 2020 (the first week of January has not been
considered being a week when schools were closed and many activities stopped because of the holiday
period) coherently with the adoption of restrictive measures. A higher noise reduction (up to 9.7 dB in terms
of Lden) has been measured by sensors more distant from Viale Liberta.

In figure 3 an overview of the noise levels reduction, expressed in terms of Lden, is provided for all the smart
sensors.
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Figure 3: Noise levels reduction (Lden) measured by each smart sensor between the Il week of January 2020 and the Il week of March 2020.

In figures 4 and 5, noise level trends measured respectively by a smart sensor placed at the facade of the
civic centre on the main street “Viale Liberta” (hb101) and by a sensor placed in a usually less busy area
(hb160) in the considered trimester are shown.
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Figure 4: Weekly noise levels trends in the periods January — March 2020 for sensor hb101.
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Figure 5: Weekly noise levels trends in the periods January — March 2020 for sensor hb160.

It is interesting to point put that in the city of Monza since February 23rd, it has ordered the immediate
activation of a series of measures, in full accordance with the indications of the Lombardy Region.

In particular, events or initiatives of any kind, events and all forms of meetings in public or private places,
including those of a cultural, recreational, sporting and religious nature, have been suspended. All schools of
all levels are closed, including nursery schools; master's, professional courses and courses for the health
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professions are also suspended, with the exception of trainees. Also museums, exhibition spaces, the Villa
Reale, city libraries, cinemas, theatres and other places of culture are closed to the public.

In order to avoid dangers for the most fragile users, the Municipality has decided to close also the elderly
and disabled day centres. The courses scheduled at the Civic City Centre have also been suspended.

Coherently, since the 23rd of February a decreasing trend for measured noise levels has started. Moreover,
an even more marked decreasing trend is present after the entry into force of the D.P.C.M. of 11th March
2020 which approved the closure of many commercial activities.

The described trends are, as expected, more accentuated in the data achieved on Viale Liberta than in those
provided by other sensors.

7. Conclusions

A low-cost monitoring network was designed, developed and tested as part of the LIFE MONZA project. In
addition, innovative procedures were proposed and tested for the periodic verification of sensor
performance. Based on the results of the periodic verification, 30 months after installation, the low-cost
sensor network proved to be robust and effective with performance comparable to that of class Il
measurement chains consistent with the initial objectives.

With regard to the use of low cost sensor data, these are of interest both for the calculation of sound pressure
levels in terms of weekly LAeq, to be used for monitoring the environmental quality of the pilot area and for
the determination of the acoustic quality index called "Harmonica", calculated and made available through
the "App" still developed within the Life MONZA project.
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