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1. Introduction and objectives  

 
The main objectives of Action B5 are to collect data in ante and post operam scenarios and to perform the 

impact assessment of the Noise Low Emission Zone introduced in the Libertà district of Monza. 

Monitoring activities were performed referring to environmental parameters and road traffic. Noise data 

have been carried out through a smart (sub-action B.5.1) and a traditional monitoring system (sub-action 

B.5.2).  The smart noise monitoring system is a prototype based on a network composed by 10 low cost 

microphones, designed and developed in the action B3. This system was used continuously, during one year 

period in the ante, one in the post operam scenario (sub-action B.5.1) and it will be maintained also after 

the project end, at least for 3 years. By means of the traditional noise monitoring system, long/short term 

measurements have been performed (sub-action B.5.2). Long term noise measurements consisted of one-

week campaign carried out in two seasons on two key positions receiver oriented. Short term measurements 

(1 hour duration) were carried out in 10 positions close to road infrastructure. A few positions were selected 

near to low-cost sensors, in order to check data collected. The other positions have been chosen to calibrate 

the noise emission model. An automatic and/or manual road traffic counting system has been used in parallel 

to long and short-term noise measurements. Within sub-Action B5.2, an acoustic model of the area has been 

developed, properly calibrated and validated with reference to the phonometric data and traffic flows 

collected in the weekly monitoring campaigns. The acoustic model was then used to produce acoustic maps 

of the pre- and post-operam scenarios through which, also considering the data of population living in the 

area, it was possible to evaluate the population exposed to noise in the two scenarios. 

 

Air quality monitoring within the pilot area was carried out in sub-action B5.3 in order to assess the effects 

of policy measures. Pollutant monitoring was performed with a mobile station located on site. Starting from 

data collected in the sub-action B5.3, in the sub-action B5.6 the role of the main sources and the 

effectiveness of the policy measures foreseen in the traffic restricted zone, was identified through high 

spatial resolution model and  statistical analyses of high temporal concentrations data. The analysis of 

temporal pattern of PM concentrations and PNC data, and their correlation with meteorological parameters 

as well as traffic flows, were carried out to identify relationships with the main sources of pollution present 

in the area of interest. 

 

Regarding the monitoring of the quality of life (sub-action B5.4), a two-step survey was performed: before 

and after the institution of the noise LEZ zone. The monitoring was made by means of postal delivery of 

the questionnaires.  

 

Finally, sub-action B5.5 concerned the assessment of the impacts generated by the introduction of bottom-

up policies, which included the involvement of the population. 

 

Finally, in sub-action B5.7 a preliminary analysis and systematisation of all the data collected has been 

carried out in order to facilitate the analysis and construction of the global and synthetic monitoring indices 

foreseen in action C1. 

 

The action is divided in 7 sub-actions: 

B5.1 Smart continuous monitoring by prototype system on noise and system's check (UNIFI) 

B5.2 Noise and Traffic ex ante /ex post monitoring (VIENROSE) 

B5.3 Air quality ex ante /ex post monitoring (ISPRA) 

B5.4 Health ex ante/ex post monitoring (UNIFI) 

B5.5 Bottom up actions: ex ante/ex post people participation (MONZA) 

B5.6 Air quality modelling (ISPRA) 

B5.7 Intermediate assessment and Top down /bottom up overall data collection and systematization 

(VIENROSE) 
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1. Introduction and objectives  
Action B5 of the LIFE MONZA project, titled ñMonitoring and data collection for impact 

assessmentò, aims at collecting data in the ante and post-operam scenarios and to perform the 

impact assessment referring to environmental parameters and road traffic.  

In particular, sub-action B5.1 regards the collection of noise data to be carried out through a smart 

noise monitoring system to be used continuously. The smart noise monitoring system is a 

prototype based on a network of 10 low cost microphones, designed and defined in detail in 

Action B3. At the end of the project, the prototype will be given free of charge to the city of 

Monza which will use it for monitoring activities in the three years following the LIFE period. 

 

The present report is structured as follows: in Paragraph 2 the noise low-cost sensorsô network is 

described, in Paragraph 3 the data download and post-processing procedures are presented, in 

Paragraph 4 the procedures applied to check the low-cost sensorsô network are explained, in 

Paragraph 5 main obtained results from the carried out analysis are reported, in Paragraph 6 the 

list of Annexes is reported. 
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2. Description of the noise low-cost sensorsô network  
The pilot area selected by the project and to be monitored consists of a district of the city of Monza 

(Figure 1). 

 

 
Figure 1. Perimeter of the pilot area ("Libertà" district - Monza). 

 

A main road (Libertà street) and roads characterized by medium-low traffic are present in the 

selected pilot area. Significant average levels of noise pollution affect a large number of citizens so 

that Libertà district is identified as a hotspot in the Action Plan of the city of Monza. The noise 

strategic map of the city of Monza, dated 2012, highlights that in a range of 30 m from the Viale 

Libertà almost the 100% of the receivers are exposed to levels higher than 65 dB(A) during the day 

and 55 dB(A) during the night.  

The Smart Noise Monitoring System (SNMS) network is meant to adequately cover the pilot area 

and the different types of roads. Secondarily, the possibility to have a connection to the electric 

energy network (avoiding the use a solar panel) is considered as an added value for the selection of 

measuring positions. 

From a practical point of view, 10 monitoring stations have been installed in the pilot area of the 

Libertà district, as illustrated in Figure 2. In particular, 2 microphones have been placed along the 

Viale Libertà, the main street where the traffic flow mix is expected to mainly change from ante to 

post operam scenario. The other microphones have been uniformly distributed along other streets 

belonging to the pilot area. 
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The 10 control units were then installed on 19-20 June 2017 and from the 20th of June 2017 are 

continuously monitoring noise levels. It should be noted that the systems with the name "hc" have 

been installed on the facade of public buildings such as schools and the civic centre (an example is 

shown in Figure 3) while those whose name starts with the letter "T" have been installed on light 

poles (an example is shown in Figure 4).  

 

 
Figure 2. Site plan with the identification of noise monitoring stations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Example of sensor installed on the façade of a public building. 
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Figure 4. Example of sensor installed on a light pole. 

 

The SNMS technical specifications were defined keeping in mind the aim of a long-term monitoring 

of acoustic parameters. These are expected to be useful to understand the variability of acoustic 

climate in the pilot area with mainly reference to the overall A-weighted continuous equivalent 

sound pressure level. 

According to the previous general requirements and to the outcome of the state-of-the-art analysis, 

the following main specifications of monitoring units have been defined: 

- acoustic parameters: overall A-weighted continuous equivalent sound pressure level, ñLAeqò and 

continuous equivalent sound pressure level, ñLeqò, as 1/3 octave band spectrum data;  

- timing for data recording: data will be acquired with a time basis of 1 second in order to permit the 

recognition of unusual events in the eventual analysis phase;  

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

- data transmission network: the data will be transmitted through the 3G cellular telephonic network; 

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

to electricity network; 

- sensors location: on streetlight or on façade, height 4 m above the ground level; 

- sensor type: ¼ or ½ inch low-cost microphone with removable rain protection; 

- floor noise < 35 dB(A); 

- frequency response at nominal frequencies of 1/3 octave within the class I specs ± 1dB. 

Starting from the specs listed above, the monitoring system architecture has been mainly based on 

monitoring units designed in the Life DYNAMAP project (these units comply with all the specs), 

tailoring the data transmission, storage and post-analysis to the needs of the LIFE MONZA project. 

Referring to the hardware components, each monitoring unit is designed to achieve a high energy 

efficiency and low computational burden. In particular, it has an average variable electric absorption 

among 200 mW and 400 mW, depending on uplink transmitting power in function of the distance 

to the nearest radio base station of cellular network and the kind of used transmission protocol (2G, 
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3G). They thus can be powered through solar panels (size 30cm x 35cm) and an integrated power 

battery with the possibility of being directly connected to the electricity network. 

Two types of microphones have been used: 

- For sensors placed on poles that use solar panel energy: In order to obtain these high 

performances of energy efficiency, digital MEMS microphones were used that do not require 

the use of an external ADC. The MEMS microphones have been adapted onto a ½ inch 

cylindrical plastic support to allow the insertion of a standard acoustic calibrator. 

- For sensors placed on façades that use power supply connection, electret microphones have been 

used. For reasons related to shielding for electromagnetic compatibility they have been adapted 

onto a ¼ inch cylindrical plastic support to allow the insertion of a standard acoustic calibrator. 

These units are also equipped with a low-power microcontroller able to perform, by mean of IIR 

digital filtering, the calculation of the A-weighted continuous equivalent sound pressure level, 

ñLAeqò, and, by mean of FFT, of the 1/3 octave band continuous equivalent sound pressure level, 

ñLeqò. 

In the usage scenario foreseen for the pilot area, the units will periodically (every hour) connect to 

the internet and transfer the gathered acoustic data, together with statistics on battery level and 

quality of the transmission signal. The data will populate a dedicated database, optimized for 

handling large amounts of data. It has been also planned to build up a web application that allows 

visualization of the location of the control units on a navigable map, data representation and 

download. 

 

3. Data download and post-processing procedures 
Starting in March 2017, data transfer technologies from the network to the server were evaluated 

and a temporary web platform for the collection of data acquired by the control units was defined.  

 

The address of the web platform is: http://influxserver.noisemote.com/grafana/?orgId=8.  

Credentials to access the server have been made available to all the Projectôs partners. 

From the platform the user can download data collected by each sensor according to the LAeq, 

parameter also in terms of frequency bands in 1/3 octave, and in a selectable time span. 

Recently, due to the need to migrate sensor data to a final server, at the beginning of 2019 the 

municipality of Monza confirmed the rental agreement, which will be finalized soon, of an Amazon 

server compatible with the one currently used provisionally. This being the case, it will be possible 

to migrate the database, presumably within one month from the availability of the new server. 

 

 

http://influxserver.noisemote.com/grafana/?orgId=8
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Figure 5. Web interface with possibility of selecting the time period to view and/or download. 

Once the data for the ten sensors had been downloaded, they have been post-processed by using the 

Matlab software. 

First of all, LAeq,1s values which were lower than 35 dB and higher than 80 dB were automatically 

excluded as they were associated with exceptional events. It is not possible to recognize in real time 

exceptional events, especially due to rainy periods, but it is only possible to make a post-

identification by analysing data provided by a weather station located in the proximity of the Libertà 

district. 

 

4. Procedures applied to check the calibration procedures and the low-

cost sensorsô network 
 

Concerning the verification procedures, the low-cost sensors challenge consists in maintaining 

network performance during long term periods of outdoor operation. 

The periodic check of the system is designed and performed to understand if the measurement 

accuracy is maintained in time or if sensors need to be repaired or replaced. Two system check 

procedures have been proposed to verify the noise monitoring system performances: 

- a preliminary check procedure; 

- an on-site, long-term site verification procedure. 

The preliminary check has been performed for a reduced time period (two months) before the official 

monitoring period started in the pilot area started, by installing the system on a public building 

located in the city of Sesto Fiorentino (Florence). As preliminary check activities, the following 

time-stability verifications, two-weeks based, have been performed: 

1 ï a calibration check at the frequency 1 kHz (by using a sound pressure class I calibrator), 

assuming as requirements for preliminary check that the sound pressure level does not deviate more 

than 0.5 dB from the calibration one; 
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2 ï a comparison between the LAeq,60s obtained from the low-cost sensors and a class I 

equipment referring to an environmental noise recorded in the range 45/105 dBA by, assuming as 

requirements for preliminary check a difference between the two systems within 1.5 dB(A). 

The long-term, on-site verifications are planned to be performed every four months at least for two 

years during the noise monitoring period in the pilot area (1 year in the ante-operam scenario and 1 

year in the post-operam scenario). As on-site check activities, the following time-stability 

verifications, four-months based, have been performed: 

1 ï 1 kHz calibration check: a calibration check at the frequency 1 kHz (by using a sound pressure 

class I calibrator), assuming as requirements for long term check that the sound pressure level does 

not deviate more than 1.0 dB from the calibration one. Calibration is performed by the operator by 

inserting the microphone into the calibrator. Given the position of the sensors at a height of 4 m 

from the ground, the activity requires an elevated platform or a ladder. 

2 ï Broad band check: a comparison between the LAeq,30s* obtained from the low-cost sensors 

and a class I equipment both subjected to the same broad band noise signal (e.g. pink noise produced 

by an electroacoustic equipment **) in the range 45/105 dBA by, assuming as requirements for long 

term check a difference between the two systems within 2.0 dB(A).  

* This analysis also permits a check of low-cost equipment in different one-third octave band.   

** For this analysis also road traffic noise is usable. In this case measurement time period should be 

extended up to 5-10 minutes to be significant.  

In the configuration with electroacoustic source, the control is carried out from the ground. Various 

configurations have been studied that work for the positioning of the electroacoustic speaker on the 

ground but presenting a problem of interference with the noise produced by road traffic (especially 

along high traffic roads). An ad-hoc system has been designed to raise the speaker together with the 

class I microphone to the height of the low-cost microphone. This setup has envisaged the study of 

a special support on which are placed both the playback electroacoustic system and the class I 

microphone. 

3 ï Measurements to determine free field correction in order to evaluate the correction necessary 

to move from the sensor position to a similar free field position, in the initial phase of the monitoring, 

matched one-hour measurements were carried out in which the low-cost sensor measurement was 

matched to the one with class I instrumentation by placing the microphone near the sensor but in 

free field conditions, i.e. at least 1m from the pole for pole installations and 1m from the façade 

surface for façade installations.    

At the current time, six on site verifications were performed: in July and November 2017, in March 

and July 2018 and in January 2019. 

5. Results 
In the current Paragraph results obtained according to the application of the procedures described in 

Paragraph 4 are reported. 

5.1 Current results of 1 kHz calibration check 
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For each SNMS a check procedure by using a class I, mono-frequency (1000 Hz) calibrator has been 

carried out during the on-site verifications, also in order to understand if some variations in time 

could be highlighted. 

Regarding the sensors placed on poles it could be noted a reduction up to 3 dB of the calibration 

noise levels from the first to the second survey and, subsequently, a stabilization of the calibration 

values (Figure 6).  

 
Figure 6: 1 kHz calibration check ï MEMs sensors placed on poles. 

 

Regarding the sensors placed on buildingôs fa­ades, such trend is not evident and calibration noise 

levels turn out to be more constant and generally between 93 dB and 94 dB. 

It should be noted that the microphone of the smart sensor T0011 has been replaced in January 2019 

before the calibration check and this could have led to an increase in the calibration noise level. 

Similarly, a microphone substitution has taken place in July 2018 for the smart sensor T0015. 

Overall data are reported in Annex 5. 
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Figure 7: 1 kHz calibration check ï Electret sensors placed on buildingôs fa­ades. 

 

5.2 Current results of broad band check 

 

Concerning noise measurements carried out by using road traffic noise as noise source and a 

measurement time period extended up to 5-10 minutes, a difference of 1.5 dB(A) between the class 

I noise level meter and the smart system in terms of average LAeq has been found by considering 

all the checked sensors. Higher differences, of about 2-2.5 dB have been encountered with smart 

sensors placed on poles, while smaller differences, of about 0.5-1 dB have been encountered with 

smart sensors placed on the façade. 

An example is shown in Figure 8 the broad band calibration check. 

 

 

 
Figure 8: Broad band check (by using road traffic noise), considering 7 minutes as measurement time 

period ï Time history of sound pressure levels, in terms of LAeq,1s [dB(A)]. 
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Also a comparison in terms of sound spectrum has been made for all sensors, an example is reported 

in Figure 9. 

 

 
Figure 9: Broad band check (by using road traffic noise), considering 7 minutes as measurement time 

period ï One third octave band sound pressure levels, in terms of Leq,10ô [dB]. 

 

Concerning noise measurements carried out with the electroacoustic speaker by using pink noise 

signal and a measurement time period extended up to 30 seconds, in general a difference of 0.5-1 

dB(A) between the class I noise level meter and the smart system in terms of average LAeq,30s has 

been found by considering all the checked sensors. No significant differences have been encountered 

between sensors placed on poles and on the façades. 

An example is shown in Figure 10. 

 

 
Figure 10: Broad band check (by using an electroacoustic source and a pink noise signal), considering 30 

seconds as measurement time period ï Time history of sound pressure levels, in terms of LAeq,1s [dB(A)]. 
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Also a comparison in terms of sound spectrum has been made for all sensors, an example is reported 

in Figure 11. 

 

 
Figure 11: Broad band check (by using an electroacoustic source and a pink noise signal), considering 30 

seconds as measurement time period ï One third octave band sound pressure levels, in terms of Leq,30s 

[dB]. 

 

 

Full results are shown in Annex 6. 

 

As a general remark, broad band results allow to carry out a good analysis and verification on all 

frequency spectrum with respect to mono frequency calibrator, with similar differences obtained at 

the 1 kHz frequency. 

Moreover, an advantage of the broad band check is that it can be performed from the ground. 

Comparing the different type of broad band checks, the technique based on electroacoustic system 

placed close to the sensor provides the best performance in terms of alignment with class I 

equipment. 

 

5.3 Results about measurements to determine free field correction  

 

Concerning noise measurements to determine free field correction, they have been carried out by 

using road traffic noise as noise source and a measurement time period extended up to 1 hour. In 

Table 1 results obtained in terms of average LAeq,1h to determine the free field correction are 

shown. 
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Table 1: Free field correction obtained in terms of average LAeq,1h. 

  
LAeq,1h 

Class I equipment 

LAeq,1h 

Smart sensor 

Free-field correction 

Position dB(A) dB(A) dB(A) 

T0013 63,9 64,2 -0,3 

T0014 70,3 69,2 1,1 

hb101 63,5 64,4 -0,9 

hb107 56,7 57,3 -0,6 

hb152 58,7 58,3 0,4 

hb160 61,5 62,0 -0,5 

 

Differences between 0.4 and 1.1 dB have been encountered. Full results are shown in Annex 7. 

 

At the moment measurements to determine free field corrections have been made for 6 sensors. In 

the next monitoring period, the free field correction will be evaluated for all sensors. 

 

5.4 HARMONICA index calculation 

The HARMONICA index, developed in the frame of the Harmonica Project, has been evaluated on the 

ante-operam period (since the 19th June 2017 to the 29th March 2018) according to the procedure made 

available at www.noiseineu.eu. In Table 2 is possible to read the average hourly value of the 

HARMONICA index obtained for each sensor in the ante operam period. 

 
Table 2: Average hourly value of the HARMONICA index for each sensor - ante operam period. 

Day hour T0011 T0012 T0013 T0014 T0015 hb101 hb107 hb132 hb152 hb160 

1 3,0 6,1 6,4 7,7 7,6 7,0 5,3 5,0 5,9 6,0 

2 2,9 5,5 6,3 7,7 7,7 7,0 5,5 4,8 5,9 5,9 

3 2,9 5,1 6,3 7,7 7,7 7,0 5,5 5,0 6,0 5,9 

4 3,2 4,8 6,5 7,6 7,8 7,2 5,6 5,0 6,1 5,8 

5 3,4 4,5 6,5 7,4 7,8 7,3 5,7 4,9 6,1 5,5 

6 3,3 4,0 6,5 7,1 7,7 7,3 5,7 4,9 6,0 5,1 

7 2,9 3,4 6,4 6,5 7,4 7,2 5,6 4,7 5,9 4,9 

8 2,7 2,9 6,1 5,8 7,1 7,1 5,5 4,6 5,7 4,5 

9 2,7 3,0 5,6 5,5 6,9 6,8 5,4 4,3 5,5 4,2 

10 3,0 3,4 5,2 5,8 6,7 6,2 5,3 3,9 5,1 3,6 

11 3,0 4,0 4,9 6,7 6,2 5,7 5,1 3,5 4,8 3,3 

12 3,3 5,0 4,4 7,4 5,3 5,5 4,9 3,2 4,6 3,4 

13 3,6 5,9 3,8 7,7 4,5 5,7 4,6 3,0 4,8 3,6 

14 3,7 6,3 3,1 7,7 4,1 6,3 4,5 3,1 5,2 4,1 

15 3,9 6,2 2,7 7,8 5,0 6,9 4,3 3,2 5,8 4,9 

16 4,1 6,2 2,9 7,8 6,4 7,1 4,5 3,6 6,1 5,7 

17 4,1 6,2 3,6 7,8 7,3 7,2 4,7 4,1 6,2 6,1 

18 3,9 6,1 4,8 7,7 7,8 7,3 4,8 4,2 6,2 6,2 

19 3,8 6,0 6,0 7,7 7,9 7,3 4,6 4,4 6,2 6,1 

20 3,7 6,0 6,7 7,7 7,9 7,3 4,5 4,9 6,1 6,1 

21 3,7 6,1 6,7 7,7 7,8 7,3 4,4 5,1 6,0 6,0 

http://www.noiseineu.eu/
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22 3,5 6,3 6,6 7,7 7,8 7,3 4,5 5,3 6,0 5,9 

23 3,2 6,4 6,6 7,7 7,7 7,3 4,9 5,1 6,0 5,9 

24 3,1 6,4 6,5 7,6 7,6 7,2 5,2 5,1 5,9 5,8 

 

 

Overall results are reported in Annex 4. 

 

6. Annexes 
 

Annex 1 ï Hourly data 

Referring to the ante-operam period, for each smart sensor the LAeq, LA10 and LA90 parameters are 

hourly reported  

 

Annex 2 ï Daily data 

Referring to the ante-operam period, for each smart sensor the LAeq_day (6:00-20:00), LAeq_evening 

(20:00-22:00), LAeq_diurno (6:00-22:00), LAeq_notturno (22:00-6:00) parameters are weekly 

reported, starting from hourly data. 

 

Annex 3 ï Weekly data 

Referring to the ante-operam period, for each smart sensor the LAeq_day (6:00-20:00), LAeq_evening 

(20:00-22:00), LAeq_diurno (6:00-22:00), LAeq_notturno (22:00-6:00) parameters are weekly 

reported, starting from daily data. 

 

Annex 4 ï Harmonica Index 

Referring to the ante-operam period, for each smart sensor, values assumed by the Harmonica Index 

are hourly reported. 

 

Annex 5 ï Calibration values  

Calibration values (1 KHz) measured in different monitoring campaigns for each smart sensor are 

reported. 

 

Annex 6 ï Broad band check 

In Annex 6a the time history in terms of LAeq,1s of sound pressure levels measured in the same time 

periods by the smart sensors and the class I system is reported. In Annex 6b the one third octave band 

sound pressure levels measured in the same time periods by the smart sensors and the class I system 

are reported. 

 

Allegato 7 ï Position correction 

Measurements to determine free field correction in order to evaluate the correction necessary to move 

from the sensor position to a similar free field position are reported.   
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Noise monitoring with traditional systems in class 1 was carried out in the ex-ante phase through two 

monitoring campaigns: the first in May and the second in September 2017. 

 

2.2.1 First monitoring campaign ï May 2017 

 
In this chapter is presented the analysis of the ante-operam sound level monitoring campaign that had 

held in May 2017 (exactly from Monday 15th to Tuesday 23rd May). 

 

In particular, this note reports the results of the phonometric monitoring campaign and the traffic flows 

collected in some road axis falling within the pilot area. 

 

Have been taking into consideration: 

 

- the data collected with a long-term monitoring campaign and, specifically, by counting weekly traffic 

flows in 2 positions with control unit with automatic radar traffic counting system showing the division 

into light and heavy vehicles;  

- the data collected with a short-term SPOT monitoring campaign, and specifically, by time -based 

counting of short-term traffic flows (1 hours) in 10 positions. 

 

Monitoring has carried out in correspondence with the receivers defined in the table 1. 

 

Table 1 ï Monitoring scenarios May 2017 

ID position  Type of monitori ng Toponym 

P01 Long-term (weekly) Viale Libertà ï Centro Civico 

P02 Long-term (weekly) Via A. Modigliani - Scuola 

S01 Short-term (Spot) Viale Libertà ï Centro Civico 

S02 Short-term (Spot) Viale Libertà n. 93 

S03 Short-term (Spot) Via della Gallarana 

S04 Short-term (Spot) Via della Guerrina n. 31 

S05 Short-term (Spot) Via A. Modigliani - Scuola 

S06 Short-term (Spot) Via Parmenide ï Asilo nido 

S07 Short-term (Spot) Via Giuseppe Impastato 

S08 Short-term (Spot) Via della Guerrina ï Liceo Porta 

S09 Short-term (Spot) Viale Libertà ï Istituto Mapelli 

S10 Short-term (Spot) Via Correggio Allegri 

 

The next figure shows the planimetric location of the phonometric monitoring stations, traffic flows  

(contextual to the phonometric ones), of the traffic counter radar units for the monitoring of noise 

pollution in the pilot area. 
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Figure 1 ï Monitoring positions 

 

ü Measurement systems 
For the measurements the following measurement systems were used: 

 

SYSTEM NO.1 

¶ PRECISION INTEGRATOR PHONOMETER 01dB type FUSION S.N. 11215 complying 

with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 

¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER G.R.A.S. model 40 

C.E. S.N. 233339 complying with the regulations EN61094-1/94 EN61094-2/93 EN61094-

3/93 EN61094-4/95. 

 

SYSTEM NO.2 

¶ PRECISION INTEGRATOR PHONOMETER 01dB type BLUE SOLO S.N. 60982, 

complying with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 

¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER 01dB type PRE21 

S.N. 13936, complying with the regulations EN61094-1/94 EN61094-2/93 EN61094-3/93 

EN61094-4/95 IEC 651 class 1 (imp.) e IEC 804. 

 

SYSTEM NO.3 
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¶ PRECISION INTEGRATOR PHONOMETER BRUEL & KJÆR type 2250 S.N. 3004064, 

complying with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 

¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER BRUEL & KJÆR 

type 4189 S.N. 2877086, complying with the regulations EN61094-1/94 EN61094-2/93 

EN61094-3/93 EN61094-4/95 IEC 651 class 1 (imp.) and IEC 804. 

 

ACOUSTIC CALIBRATOR 

¶ BRUEL & KJÆR type 4231 S.N. 2713443, class 1 according to the standard IEC 942:1988, 

sound power level produced: 94 dB a 1000Hz. 

 

For the memorization and the processing of the data was made use of the dedicated Software: 

¶ Basic sound analysis software BRUEL & KJÆR BZ 5503; 

¶ Noise Evaluator BRUEL & KJÆR 7820 v. 4.16.3; 

¶ dB Trait 5.5. 

 

The technical data of automatic traffic flow detection systems (radar systems) are reported below: 

¶ Traffic monitoring device VIACOUNT II ï VIA Traffic Controlling GmbH s.n. 

13VZZ0257. 

¶ Traffic monitoring device VIACOUNT II ï VIA Traff ic Controlling GmbH s.n. 

11VZZ0018. 

 

For the memorization and the processing of the data was made use of the dedicated Software: 

ViaGraph vers. 4.00.09. 
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ü Measurement positions (phonometric monitoring) 
The main information and the photographic contributes of the measurement positions used for the 

phonometric monitoring are shown below. 

 

Table 2 ï Positions of phonometric monitoring  

Measurement 

station 
Description Photo 

P01 

Address: Civic center in Viale Libertà 

Height from the ground level: 6.00 m 

Distance from the road axis: 38 m 

Measurement system used: no. 1 

Acoustic class: IV  

Limit  values: 65 - 55 dB(A) 

 

P02 

Address: Nursery School ñA. Modiglianiò 

Height from the ground level: 6.00 m 

Distance from the road axis: 15 m 

Measurement system used: no. 2 

Acoustic class: School building in class I. External 

relevance area in class II. 

Limit values: 50 dB(A) class I (for schools only 

daytime TR is valid). 

 

S01 

Address: Civic center in Viale Libertà 

Height from the ground level: 4.00 m 

Distance from the road axis: 8 m 

Measurement system used: no. 3 

Acoustic class: IV  

Limit  values: 65 - 55 dB(A) 
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Measurement 

station 
Description Photo 

S02 

Address: Viale Libertà no. 93 

Height from the ground level: 4.00 m 

Distance from the road axis: 6 m 

Measurement system used: no. 3 

Acoustic class: IV  

Limit  values: 65 - 55 dB(A) 

 

S03 

Address: Via Gallarana 

Height from the ground level: 4.00 m 

Distance from the road axis: 5 m 

Measurement system used: no. 3 

Acoustic class: II  

Limit  values: 55 - 45 dB(A) 

 

S04 

Address: Via della Guerrina no. 31 

Height from the ground level: 4.00 m 

Distance from the road axis: 7.50 m 

Measurement system used: no. 3 

Acoustic class: II  

Limit  values: 55 - 45 dB(A) 
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Measurement 

station 
Description Photo 

S05 

Address: Nursery School Modigliani entryway 

Height from the ground level: 4.00 m 

Distance from the road axis: 6.50 m 

Measurement system used: no. 3 

Acoustic class: School building in class I. Area of 

external relevance in class II. 

Limit values:  50 dB(A) class I (for schools only 

daytime TR is valid). 

 

S06 

Address: Via Parmenide, at Private Nursery 

ñCuore Immacolato di Mariaò 

Height from the ground level: 4.00 m 

Distance from the road axis: 6.50 m 

Measurement system used: no. 3 

Acoustic class: School building in class I. External 

relevance area in class II. 

Limit values: 50 dB(A) class I (for schools only 

daytime TR is valid). 

 

S07 

Address: Via Giuseppe Impastato 

Height from the ground level: 4.00 m 

Distance from the road axis: 4 m 

Measurement system used: no. 3 

Acoustic class: II  

Limit values: 55 - 45 dB(A) 

 

S08 

Address: Via della Guerrina, next to Liceo ñPortaò  

Height from the ground level: 4.00 m 

Distance from the road axis: 6 m 

Measurement system used: no. 3 

Acoustic class: II  

Limit  values: 55 - 45 dB(A) 

n.a. 

S09 

Address: Viale Libertà, next to ITGC ñMapelliò 

Height from the ground level: 4.00 m 

Distance from the road axis: 12 m 

Measurement system used: no. 3 

Acoustic class: School building in class I. External 

relevance area in class II. 

n.a. 
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Measurement 

station 
Description Photo 

Limit values: 50 dB(A) class I (for schools only 

daytime TR is valid). 

S10 

Address: Via Correggio Allegri 

Height from the ground level: 4.00 m 

Distance from the road axis: 12 m 

Measurement system used: no. 3 

Acoustic class: III.  

Limit values: 60-50 dB(A) 

 

 

ü Measurement positions (detection of traffic flows) 
The main information and photo contributions of the measurement stations used to detect traffic 

flows automatically using a traffic device with radar system are shown below. 

 

Table 3 ï Traffic flows detection stations 

Measurement 

station 
Description Photo 

CT01 

Monitoring date: 15-23/05/2017 

Reference road: Viale Libertà 

Measurement system used: no. 1 

 

CT02 

Monitoring date: 15-23/05/2017 

Reference road: Via A. Modigliani 

Measurement system used: no. 2 

 

 

 

ü Monitoring results  
The monitoring results are fully shown in specific summary sheets attached to this technical report. 
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Á Phonometric monitoring 

Regarding the phonometric monitoring, the sheets are divided as follows: 

¶ General data of the measurement station (coding, description, height of the microphone from 

the campaign plan, distance from the microphone to the road axis, measurement system used, 

noise class according to the Noise Zoning Plan of the Municipality of Monza, input limit 

values defined according to Italian D.P.C.M. 14/11/1997). 

¶ Territorial framework for the planimetric measurement identification and photographic 

documentation. 

¶ For long-term monitoring : date and time of start and end of the measure, time history, 

equivalent LAeq levels referred, for all measurement days and as a weekly average level, to 

the day reference period (6.00 - 22.00) and to the night reference period (22.00 - 6.00), 

comparison of the levels measured with the input limit values defined under the Italian 

D.P.C.M. 14/11/1997. 

 

¶ For short-term monitoring (SPOT):  

o Results of phonometric monitoring: date and time of start and end of measurement, 

time history and frequency composition by third-band octave, equivalent levels LAeq. 

o Results of short-term manual count (1 hour) of traffic flows: date and time of start 

and end of the count, traffic flows (vehic/h) divided by direction of travel and 

between light and heavy vehicles. 

 

During post-processing of the measured data, it was found that in some time slots the presence of 

events not attributable in terms of frequency and intensity to road traffic noise produce a significant 

and certainly not negligible contribution to the acoustic climate of the area. Periods affected by these 

events were excluded from the calculation of the daily and weekly average levels. 

A tabular and graphical summary of the results of the phonometric monitoring is shown below. 

 

Table 4 - Summary of short-term monitoring results 

Postazione Descrizione  Data e ora di inizio Data e ora di fine 
LAeq 

[dB(A)]  

S01 
A bordo strada nei pressi del Centro 

Civico di V.le Libertà 
17/05/2017   8:07:16 17/05/2017   9:07:16 67.7 

S02 Viale Libertà, n. 93 17/05/2017   11:14:14 17/05/2017   12:14:14 69.6 

S03 Via della Gallarana 17/05/2017   13:41:01 17/05/2017   14:41:01 61.4 

S04 Via della Guerrina, n. 31 17/05/2017   15:54:58 17/05/2017   16:54:08 60.6 

S05 Via Modigliani, all'ingresso della 

Scuola dell'infanzia 
17/05/2017   17:15:29 17/05/2017   18:15:29 62.7 

S06 
Via Parmenide, in facciata alla Scuola 

dell'infanzia privata "Cuore 

Immacolato di Maria" 

17/05/2017   18:52:07 17/05/2017   19:52:07 56.6 

S07 Via Giuseppe Impastato 18/05/2017   10:05:51 18/05/2017   11:05:51 48.8 

S08 Via della Guerrina, nei pressi del 

Liceo Statale "Carlo Porta" 
19/05/2017   11:50:00 19/05/2017   12:50:00 62.5 

S09 Viale Libertà, nei pressi del ITCG 

"Achille Mapelli" 
19/05/2017   10:26:42 19/05/2017   11:26:42 65.8 

S10 Via Correggio Allegri 18/05/2017   11:21:41 18/05/2017   12:21:41 65.6 
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Table 5 - Results (measurement station P01) 

 

 

 

DATA 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 D E N

Lun 15 e Mar 

23/05/2017
55.0 51.5 50.0 49.3 51.7 57.6 59.5 59.6 58.0 58.7 59.1 59.0 59.4 59.3 59.5 59.3 59.0 59.4 57.9 58.9 58.6 57.6 57.3 55.8 59.1 58.1 54.6

Martedì    

16/05/2017
55.4 52.3 50.1 49.7 52.3 58.4 58.9 59.1 57.8 59.3 59.2 58.9 59.5 58.6 59.0 58.6 59.1 58.5 59.8 59.0 59.7 58.4 56.9 57.8 59.0 59.1 55.2

Mercoledì 

17/05/2017
56.8 52.6 52.0 48.9 50.8 59.0 59.6 59.3 58.9 58.9 59.1 58.6 59.0 59.0 59.5 58.9 58.4 59.0 58.6 58.9 58.7 57.9 58.3 57.5 59.0 58.3 55.8

Giovedì   

18/05/2017
56.7 53.1 51.3 47.8 52.2 57.6 59.2 59.3 59.1 58.8 59.5 59.5 59.4 59.8 59.1 59.6 59.2 58.6 59.2 59.2 59.7 58.5 57.3 57.6 59.3 59.1 55.3

Venerdì   

19/05/2017
56.9 54.8 52.2 51.0 52.6 57.4 58.7 58.7 58.3 59.6 59.5 60.0 62.1 59.7 59.8 59.7 58.9 58.5 58.9 59.9 59.4 58.8 58.3 58.5 59.6 59.1 56.0

Sabato   

20/05/2017
58.7 57.0 55.7 52.9 52.8 57.1 57.9 59.0 59.7 59.8 59.6 58.9 58.6 59.1 59.9 60.0 60.0 61.0 58.9 59.9 59.4 58.1 58.0 58.5 59.5 58.8 56.8

Domenica 

21/05/2017
59.8 58.4 56.1 54.8 53.0 54.8 54.8 56.7 57.3 59.7 60.3 59.5 60.1 59.5 58.8 60.0 59.9 59.9 58.7 59.2 57.9 57.4 57.5 56.9 59.1 57.7 56.9

Lunedì    

22/05/2017
56.4 52.6 50.0 49.3 51.9 57.8 59.5 59.9 58.1 59.3 58.9 58.5 58.6 58.7 60.4 60.9 60.0 59.2 58.8 58.4 58.0 57.1 56.9 56.7 59.3 57.6 55.0

59.2 58.5 55.8MEDIA SETTIMANALE

Postazione P01 
LAeq misurato (dB(A)) Descrittore 

acusticoOrario
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Table 6 - Results (measurement station P02) 

 
 

 

Á Traffic flows detection 

Regarding the traffic flows detection, the sheets are structured as follows: 

¶ General data of the measurement position (coding, description, reference road, system of 

measurement used). 

¶ Territorial framework for the planimetric measurement identification and photographic 

documentation. 

¶ Results of the automatic detection of traffic flows: date and time of start and end of the count, 

traffic flows (vehic/h) and speed values (km/h) of vehicles divided by direction of travel and 

between light and heavy vehicles and referred, for all measurement days and as a weekly 

average level, to the Day/Evening/Night period.  

 

A tabular and graphical summary of the results of the detection of traffic flows is shown below. 

 

DATA 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 D E N

Lunedì 15 e 

22/05/2017
50.0 49.0 47.1 47.2 50.6 53.2 54.5 58.0 56.8 59.5 56.2 57.4 58.4 58.0 57.5 56.8 55.0 53.0 52.2 50.4 57.1 54.1 50.4

Martedì      

16/05/2017
49.4 46.7 46.0 47.0 49.8 53.0 53.2 58.6 58.3 57.6 57.1 59.1 56.6 60.8 57.0 57.2 57.3 57.8 58.1 56.4 54.4 51.7 51.1 48.7 57.4 53.3 49.6

Mercoledì 

17/05/2017
46.0 46.5 41.8 44.5 47.2 51.6 53.3 58.4 59.0 58.4 61.1 59.8 56.8 59.0 56.7 56.9 57.5 57.3 57.5 56.2 54.7 52.4 51.9 51.7 57.7 53.7 48.9

Giovedì      

18/05/2017
49.0 48.0 47.9 46.3 49.4 51.7 53.4 58.4 60.3 58.4 58.0 59.3 55.9 58.2 59.4 57.0 58.8 57.8 57.3 55.7 54.0 51.9 49.6 49.0 57.6 53.1 49.1

Venerdì      

19/05/2017
48.0 43.6 43.2 39.0 45.3 51.7 52.3 57.4 59.5 58.9 58.0 58.2 59.4 59.2 57.1 58.6 57.7 58.1 60.3 57.4 55.0 53.0 52.2 52.6 58.0 54.1 49.1

Sabato           

20/05/2017
51.7 48.1 48.5 47.2 49.4 51.9 53.9 55.3 56.7 56.9 56.5 56.6 56.5 55.6 54.6 54.8 55.4 57.3 56.4 55.2 54.7 53.0 51.5 51.6 55.7 53.9 50.3

Domenica   

21/05/2017
51.5 50.6 50.0 48.6 49.3 51.1 50.0 50.4 52.4 53.9 54.4 55.3 54.9 52.0 52.1 52.2 53.2 54.2 55.3 55.2 53.2 52.6 51.3 50.5 53.5 52.9 50.5

56.9 53.6 49.7MEDIA SETTIMANALE

Postazione P02 
Descrittore 

acustico

LAeq misurato (dB(A))

Orario
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Table 7 - Results referred to the acoustic descriptors Day/Evening/Night (position CT01) 

Date 
Acoustic 

Descriptor 

Direction 1 - Center Direction 2 - Periphery 

LI GHT  HEAVY  TOTAL  LI GHT  HEAVY  TOTAL  

Monday 15 & 

Tuesday 

23/05/2017 

Day 7009 187 7196 5885 80 5965 

Evening 651 11 662 439 1 440 

Night 564 13 577 694 4 698 

Tuesday 

16/05/2017 

Day 6773 160 6933 5356 78 5434 

Evening 697 9 706 462 1 463 

Night 646 15 661 648 6 654 

Wednesday 

17/05/2017 

Day 6884 169 7053 4964 90 5054 

Evening 651 8 659 400 4 404 

Night 798 5 803 632 5 637 

Thursday 

18/05/2017 

Day 7014 167 7181 5010 85 5095 

Evening 728 6 734 441 2 443 

Night 757 8 765 569 4 573 

Friday 

19/05/2017 

Day 6872 156 7028 6122 70 6192 

Evening 804 13 817 701 2 703 

Night 858 14 872 803 8 811 

Saturday 

20/05/2017 

Day 7257 133 7390 5997 40 6037 

Evening 839 11 850 781 2 783 

Night 1083 8 1091 1090 3 1093 

Sunday 

21/05/2017 

Day 6122 48 6170 6431 15 6446 

Evening 668 4 672 616 1 617 

Night 1114 7 1121 1057 2 1059 

Monday 

22/05/2017 

Day 6831 189 7020 5985 65 6050 

Evening 660 8 668 551 2 553 

Night 590 5 595 843 4 847 

Weekly 

Average 

Day 6845 151 6996 5719 65 5784 

Evening 712 9 721 549 2 551 

Night 801 9 811 792 5 797 
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Table 8 - Results referred to the time data (position CT01) 

Date 
Acoustic 

Descriptor 

Direction 1 - Center Direction 2 - Periphery 

LI GHT 

vehic/h 

HEAVY  

vehic/h 

TOTAL 

vehic/h 

LI GHT 

vehic/h 

HEAVY 

vehic/h 

TOTAL 

vehic/h 

Monday 15 

& Tuesday 

23/05/2017 

Day 501 13 514 420 6 426 

Evening 326 6 331 220 1 220 

Night 71 2 72 87 1 87 

Tuesday 

16/05/2017 

Day 484 11 495 383 6 388 

Evening 349 5 353 231 1 232 

Night 81 2 83 81 1 82 

Wednesday 

17/05/2017 

Day 492 12 504 355 6 361 

Evening 326 4 330 200 2 202 

Night 100 1 100 79 1 80 

Thursday 

18/05/2017 

Day 501 12 513 358 6 364 

Evening 364 3 367 221 1 222 

Night 95 1 96 71 1 72 

Friday 

19/05/2017 

Day 491 11 502 437 5 442 

Evening 402 7 409 351 1 352 

Night 107 2 109 100 1 101 

Saturday 

20/05/2017 

Day 518 10 528 428 3 431 

Evening 420 6 425 391 1 392 

Night 135 1 136 136 0 137 

Sunday 

21/05/2017 

Day 437 3 441 459 1 460 

Evening 334 2 336 308 1 309 

Night 139 1 140 132 0 132 

Monday 

22/05/2017 

Day 488 14 501 428 5 432 

Evening 330 4 334 276 1 277 

Night 74 1 74 105 1 106 

Weekly 

Average 

Day 489 11 500 408 5 413 

Evening 356 4 361 274 1 275 

Night 100 1 101 99 1 100 
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Table 9 - Results referred to the acoustic descriptors Day/Evening/Night (position CT02) 

Data 
Acoustic 

Descriptor 

Direction 1 ï Via Bertacchi Direction 2 ï Via Guerrina  

LI GHT  HEAVY  TOTAL  LI GHT  HEAVY  TOTAL  

Monday 15 

& 

22/05/2017 

Day 2690 69 2759 2335 94 2429 

Evening 214 3 217 153 2 155 

Night 130 0 130 95 0 95 

Tuesday 

16/05/2017 

Day 2671 58 2729 2421 51 2472 

Evening 184 6 190 150 2 152 

Night 141 1 142 117 0 117 

Wednesday 

17/05/2017 

Day 2843 56 2899 2436 66 2502 

Evening 204 4 208 141 3 144 

Night 127 0 127 127 0 127 

Thursday 

18/05/2017 

Day 2738 60 2798 2347 86 2433 

Evening 195 0 195 149 1 150 

Night 136 0 136 137 0 137 

Friday 

19/05/2017 

Day 2699 62 2761 2440 70 2510 

Evening 182 2 184 131 3 134 

Night 158 0 158 163 1 164 

Saturday 

20/05/2017 

Day 2120 48 2168 1681 60 1741 

Evening 192 3 195 135 4 139 

Night 177 0 177 154 1 155 

Sunday 

21/05/2017 

Day 1340 7 1347 1110 29 1139 

Evening 149 2 151 132 3 135 

Night 205 0 205 174 1 175 

Weekly 

Average 

Day 2443 51 2494 2110 65 2175 

Evening 189 3 191 142 3 144 

Night 153 0 154 138 0 139 
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Table 10 - Results referred to the time data (position CT02) 

Date 
Acoustic 

Descriptor 

Direction 1 ï Via Bertacchi Direction 2 ï Via Guerrina  

LI GHT 

vehic/h 

HEAVY  

vehic/h 

TOTAL  

vehic/h 

LI GHT 

vehic/h 

HEAVY  

vehic/h 

TOTAL  

vehic/h 

Monday 15 

& 

22/05/2017 

Day 192 5 197 167 7 174 

Evening 107 2 109 77 1 78 

Night 16 0 16 12 0 12 

Tuesday 

16/05/2017 

Day 191 4 195 173 4 177 

Evening 92 3 95 75 1 76 

Night 18 0 18 15 0 15 

Wednesday 

17/05/2017 

Day 203 4 207 174 5 179 

Evening 102 2 104 71 2 72 

Night 16 0 16 16 0 16 

Thursday 

18/05/2017 

Day 196 4 200 168 6 174 

Evening 98 0 98 75 1 75 

Night 17 0 17 17 0 17 

Friday 

19/05/2017 

Day 193 4 197 174 5 179 

Evening 91 1 92 66 2 67 

Night 20 0 20 20 0 21 

Saturday 

20/05/2017 

Day 151 3 155 120 4 124 

Evening 96 2 98 68 2 70 

Night 22 0 22 19 0 19 

Sunday 

21/05/2017 

Day 96 1 96 79 2 81 

Evening 75 1 76 66 2 68 

Night 26 0 26 22 0 22 

Weekly 

Average 

Day 175 4 178 151 5 155 

Evening 94 1 96 71 1 72 

Night 19 0 19 17 0 17 

 

Concerning the traffic flows detected by the traffic counter on Viale Libertà (CT01), it should be noted 

that, due to the parking of some vehicles in front of the radar detection sensor during the monitoring 

campaign, some periods were not correctly detected by the system in direction 1 (city centre). These 

periods were subject to post-processing with subsequent reconstruction of the missing data. The 

reconstruction was performed with reference to the data collected during the following Ante Operam 

campaign in November 2017. 

The data contained in this report are already correct with the post-processing described.  

 

 

List of Annexes of sub-action B5.2 (ante-operam monitoring - May 2017): 

 

- Annex 8 ï Calibration certificates for the measurement systems used 

- Annex 9 ï Monitoring sheets 
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2.2.2 Second monitoring campaign ï November 2017 

 

In this chapter is presented the analysis of the ante-operam sound level monitoring campaign that 

had held in November 2017 (exactly from Monday 20th to Monday 27th November). 

 

In particular, this note reports the results of the phonometric monitoring campaign and the traffic flows 

collected in some road axis falling within the pilot area. 

 

Have been taking into consideration: 

 

- the data collected with a long-term monitoring campaign and, specifically, by counting weekly 

traffic flows in 2 positions with control unit with automatic radar traffic counting system showing 

the division into light and heavy vehicles;  

- the data collected with a short-term SPOT monitoring campaign, and specifically, by time -

based counting of short-term traffic flows (1 hours) in 10 positions. 

 

Monitoring has carried out in correspondence with the receivers defined in the table 1. 

 

Table 11- Monitoring scenarios November 2017 

ID position  Type of monitori ng Toponym 

P01 Long-term (weekly) Viale Libertà ï Centro Civico 

P02 Long-term (weekly) Via A. Modigliani - Scuola 

S01 Short-term (Spot) Viale Libertà ï Centro Civico 

S02 Short-term (Spot) Viale Libertà n. 93 

S03 Short-term (Spot) Via della Gallarana 

S04 Short-term (Spot) Via della Guerrina n. 31 

S05 Short-term (Spot) Via A. Modigliani - Scuola 

S06 Short-term (Spot) Via Parmenide ï Asilo nido 

S07 Short-term (Spot) Via Giuseppe Impastato 

S08 Short-term (Spot) Via della Guerrina ï Liceo Porta 

S09 Short-term (Spot) Viale Libertà ï Istituto Mapelli 

S10 Short-term (Spot) Via Correggio Allegri 

 

The next figure shows the planimetric location of the phonometric monitoring stations, traffic flows  

(contextual to the phonometric ones), of the traffic counter radar units for the monitoring of noise 

pollution in the pilot area. 
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Figure 2 ï Monitoring positions 

 

ü Measurement systems 

For the measurements the following measurement systems were used: 

 

SYSTEM NO.1 

¶ PRECISION INTEGRATOR PHONOMETER 01dB type FUSION S.N. 11215 complying 

with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 

¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER G.R.A.S. model 40 

C.E. S.N. 233339 complying with the regulations EN61094-1/94 EN61094-2/93 EN61094-

3/93 EN61094-4/95. 

 

SYSTEM NO.2 

¶ PRECISION INTEGRATOR PHONOMETER 01dB type BLUE SOLO S.N. 60982, 

complying with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 

¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER 01dB type PRE21 

S.N. 13936, complying with the regulations EN61094-1/94 EN61094-2/93 EN61094-3/93 

EN61094-4/95 IEC 651 class 1 (imp.) e IEC 804. 

 

SYSTEM NO.3 
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¶ PRECISION INTEGRATOR PHONOMETER BRUEL & KJÆR type 2250 S.N. 3004064, 

complying with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 

¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER BRUEL & KJÆR 

type 4189 S.N. 2877086, complying with the regulations EN61094-1/94 EN61094-2/93 

EN61094-3/93 EN61094-4/95 IEC 651 class 1 (imp.) and IEC 804. 

 

ACOUSTIC CALIBRATOR 

¶ BRUEL & KJÆR type 4231 S.N. 2713443, class 1 according to the standard IEC 942:1988, 

sound power level produced: 94 dB a 1000Hz. 

 

For the memorization and the processing of the data was made use of the dedicated Software: 

¶ Basic sound analysis software BRUEL & KJÆR BZ 5503; 

¶ Noise Evaluator BRUEL & KJÆR 7820 v. 4.16.3; 

¶ dB Trait. 

 

The technical data of automatic traffic flow detection systems (radar systems) are reported below: 

 

¶ Traffic monitoring device VIACOUNT II ï VIA Traffic Controlling GmbH s.n. 

13VZZ0257. 

¶ Traffic monitoring device VIACOUNT II ï VIA Traffic Controlling GmbH s.n. 

14VZZ0067. 

 

For the memorization and the processing of the data was made use of the dedicated Software: 

ViaGraph vers. 4.00.09. 
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ü Measurement positions (phonometric monitoring)  

The main information and the photographic contributes of the measurement positions used for the 

phonometric monitoring are shown below. 

 

Table 12ï Positions of phonometric monitoring 

Measurement 

station 
Description Photo 

P01 

Address: Civic Center in Viale Libertà 

Height from the ground level: 6.00 m 

Distance from the road axis: 38 m 

Measurement system used: no. 1 

Acoustic class: IV  

Limit values: 65 - 55 dB(A) 

 

P02 

Address: Nursery School ñA. Modiglianiò 

Height from the ground level: 6.00 m 

Distance from the road axis: 15 m 

Measurement system used: no. 2 

Acoustic class: School building in class I. External 

relevance area in class II. 

Limit values: 50 dB(A) class I (for schools only 

daytime TR is valid).  

 

S01 

Address: Civic Center in Viale Libertà 

Height from the ground level: 4.00 m 

Distance from the road axis: 23 m 

Measurement system used: no. 3 

Acoustic class: IV  

Limit values: 65 - 55 dB(A) 
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Measurement 

station 
Description Photo 

S02 

Address: Viale Libertà no. 93 

Height from the ground level: 4.50 m 

Distance from the road axis: 6 m 

Measurement system used: no. 3 

Acoustic class: IV  

Limit values: 65 - 55 dB(A) 

 

S03 

Address: Via della Gallarana 

Height from the ground level: 4.00 m 

Distance from the road axis: 5 m 

Measurement system used: no. 3 

Acoustic class: II  

Limit values: 55 - 45 dB(A) 

 

S04 

Address: Via della Guerrina no. 31 

Height from the ground level: 4.00 m 

Distance from the road axis: 7.50 m 

Measurement system used: no. 3 

Acoustic class: II  

Limit values: 55 - 45 dB(A) 
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Measurement 

station 
Description Photo 

S05 

Address: Nursery School Modigliani entryway 

Height from the ground level: 4.00 m 

Distance from the road axis: 15 m 

Measurement system used: no. 3 

Acoustic class School building in class I. External 

relevance area in class II. 

Limit values: 50 dB(A) class I (for schools only 

daytime TR is valid). 

 

S06 

Address: Via Parmenide, at Private Nursery 

ñCuore Immacolato di Mariaò 

Height from the ground level: 4.00 m 

Distance from the road axis: 6.50 m 

Measurement system used: no. 3 

Acoustic class: School building in class I. External 

relevance area in class II. 

Limit values: 50 dB(A) class I (for schools only 

daytime TR is valid). 

 

S07 

Address: Via Giuseppe Impastato 

Height from the ground level: 4.00 m 

Distance from the road axis: 4 m 

Measurement system used: no. 3 

Acoustic class: II  

Limit values: 55 - 45 dB(A) 
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Measurement 

station 
Description Photo 

S08 

Address: Via della Guerrina, next to Liceo ñPortaò 

Height from the ground level: 4.00 m 

Distance from the road axis: 28 m 

Measurement system used: no. 3 

Acoustic class: School building in class I. External 

relevance area in class II. 

Limit values: 50 dB(A) class I (for schools only 

daytime TR is valid). 

 

S09 

 

Address: Viale Libertà, next to ITGC ñMapelliò 

Height from the ground level: 4.00 m 

Distance from road axis: 43 m 

Measurement system used: no. 3 

Acoustic class: School building in class I. External 

relevance area in class II. 

Limit values: 50 dB(A) class I (for schools only 

daytime TR is valid). 

 

S10 

Address: Via Correggio Allegri 

Height from the ground level: 4.00 m 

Distance from road axis: 12 m 

Measurement system used: no. 3 

Acoustic class: III  

Limit values: 60 - 50 dB(A) 
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ü  Measurement positions (detection of traffic flows) 
The main information and photo contributions of the measurement stations used to detect traffic 

flows automatically using a traffic device with radar system are shown below. 

 

Table 13 - Traffic flows detection stations 

Measurement 

station 
Description Photo 

CT01 

Monitoring date: 20-27/11/2017 

Reference road: Viale Libertà 

Measurement system used: no. 1 

 

CT02 

Monitoring date: 20-27/11/2017 

Reference road: Via A. Modigliani 

Measurement system used: no. 2 

 

 

 

ü Monitoring results  

The monitoring results are fully shown in specific summary sheets attached to this technical report. 

Á Phonometric monitoring 

Regarding the phonometric monitoring, the sheets are divided as follows: 

¶ General data of the measurement station (coding, description, height of the microphone from 

the campaign plan, distance from the microphone to the road axis, measurement system used, 

noise class according to the Noise Zoning Plan of the Municipality of Monza, input limit 

values defined according to Italian D.P.C.M. 14/11/1997). 

¶ Territorial framework for the planimetric measurement identification and photographic 

documentation. 

¶ For long-term monitoring : date and time of start and end of the measure, time history, 

equivalent LAeq levels referred, for all measurement days and as a weekly average level, to 

the day reference period (6.00 - 22.00) and to the night reference period (22.00 - 6.00). 
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¶ For short-term monitoring (SPOT):  

o Results of phonometric monitoring: date and time of start and end of measurement, 

time history and frequency composition by third-band octave, equivalent levels LAeq. 

o Results of short-term manual count (1 hour) of traffic flows: date and time of start 

and end of the count, traffic flows (vehic/h) divided by direction of travel and 

between light and heavy vehicles. 

 

During post-processing of the measured data, it was found that in some time slots the presence of 

events not attributable in terms of frequency and intensity to road traffic noise produce a significant 

and certainly not negligible contribution to the acoustic climate of the area. Periods affected by these 

events were excluded from the calculation of the daily and weekly average levels. 

A tabular and graphical summary of the results of the phonometric monitoring is shown below. 

 

Table 14 - Summary of short-term monitoring results 

Postazione Descrizione Data e ora di inizio Data e ora di fine 
LAeq 

[dB(A)]  

S01 
In facciata al Centro Civico di Viale 

Libertà 
20/11/2017   19:20:51 20/11/2017   20:20:51 63.5 

S02 Viale Libertà, n. 93 20/11/2017   15:00:02 20/11/2017   16:00:02 70.3 

S03 Via della Gallarana 21/11/2017   9:00:04 21/11/2017   10:00:04 63.9 

S04 Via della Guerrina, n. 31 20/11/2017   17:50:11 20/11/2017   18:50:11 62.8 

S05 
Via Modigliani, in facciata della Scuola 

dell'infanzia 
20/11/2017   16:38:12 20/11/2017   17:38:12 61.1 

S06 

Via Parmenide, in facciata alla Scuola 

dell'infanzia privata "Cuore 

Immacolato di Maria" 

21/11/2017   14:40:41 21/11/2017   15:40:41 56.0 

S07 Via Giuseppe Impastato 21/11/2017   17:25:59 21/11/2017   18:25:59 54.5 

S08 
In facciata al Liceo Statale "Carlo 

Porta" 
21/11/2017   11:38:34 21/11/2017   12:38:34 56.7 

S09 
Viale Libertà, in facciata all'ITCG 

"Achille Mapelli" 
21/11/2017   16:00:00 21/11/2017   17:00:00 58.6 

S10 Via Correggio Allegri 21/11/2017   10:16:29 21/11/2017   11:16:29 67.3 
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Table 15 - Results (measurement station P01) 

 

DATA 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 D E N

Lunedì 20 - 

27/11/2017
57.0 53.2 50.4 48.9 52.9 57.6 59.5 60.4 60.4 59.9 59.3 59.0 59.3 59.4 59.8 59.3 59.0 59.1 58.8 59.6 59.1 58.7 58.0 58.2 59.4 58.9 55.7

Martedì 

21/11/2017
55.8 51.6 53.4 47.4 50.5 56.6 58.8 59.5 58.2 60.3 59.5 60.4 59.8 60.4 59.8 59.0 58.4 58.5 58.6 59.3 59.3 58.0 57.2 58.0 59.2 58.7 55.0

Mercoledì 

22/11/2017
57.2 53.3 50.2 47.9 51.4 57.7 58.9 59.5 59.7 60.7 60.0 59.8 59.6 60.1 59.5 59.6 59.1 57.9 58.3 59.1 58.7 58.3 58.2 58.1 59.4 58.5 55.6

Giovedì  

23/11/2017
56.3 53.6 50.2 49.0 49.4 57.1 59.4 60.1 59.0 60.3 60.0 59.9 59.6 59.6 60.0 59.5 58.6 58.1 58.3 59.7 59.1 58.7 58.2 58.8 59.4 58.9 55.5

Venerdì 

24/11/2017
57.4 54.3 52.0 49.5 51.5 57.8 60.1 60.6 59.6 60.3 60.1 59.5 59.9 61.5 60.6 59.7 57.9 57.9 57.2 58.4 58.9 58.8 58.2 61.1 59.6 58.9 56.7

Sabato 

25/11/2017
61.6 59.9 57.3 55.5 55.3 58.2 58.9 61.1 61.8 62.0 64.0 61.3 60.9 62.6 61.7 61.6 60.0 59.6 59.6 59.6 59.4 58.7 58.5 59.9 61.1 59.1 58.8

Domenica 

26/11/2017
60.2 58.4 58.4 54.9 51.5 52.0 53.4 54.8 56.6 57.3 57.7 57.2 57.2 57.5 58.6 59.3 58.3 58.2 58.2 59.1 59.0 58.5 58.1 57.6 57.4 58.8 57.3

59.5 58.8 56.5MEDIA SETTIMANALE

Descrittore 

acustico
Postazione P01

LAeq misurato (dB(A))

Orario
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Table 16 - Results (measurement station P02) 

 

DATA 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 D E N

Lunedì 20 e 

27/11/2017
48.7 46.7 43.3 43.2 47.3 52.6 55.5 59.6 61.3 59.5 57.4 56.0 56.9 61.9 57.2 58.8 60.6 60.6 59.1 57.4 55.4 54.4 54.4 51.4 59.1 54.9 50.1

Martedì 

21/11/2017
47.0 44.1 41.4 37.7 44.4 47.0 59.2 59.3 59.9 61.3 58.9 58.3 58.1 59.9 58.2 58.4 59.4 59.7 58.4 57.8 54.7 53.8 54.0 50.6 59.2 54.3 48.3

Mercoledì 

22/11/2017
48.7 46.7 42.6 41.4 44.8 49.6 53.9 59.7 59.7 59.5 57.4 58.4 57.5 58.8 58.5 59.3 59.0 58.3 57.3 56.5 59.1 58.5 56.1 53.8 58.4 58.8 50.6

Giovedì    

23/11/2017
47.0 46.2 45.0 40.1 44.3 48.8 53.8 59.4 59.9 59.6 56.7 56.6 57.9 59.3 57.2 58.7 58.3 58.6 57.6 57.2 55.2 52.1 52.8 50.3 58.1 53.9 48.2

Venerdì 

24/11/2017
52.1 56.1 41.9 41.9 46.2 51.0 55.0 60.2 60.5 61.6 57.5 59.1 58.7 64.0 59.6 58.5 59.8 58.7 58.7 57.1 57.0 52.3 52.7 52.4 59.7 55.3 51.5

Sabato 

25/11/2017
52.1 51.3 48.2 45.9 46.5 52.1 51.9 58.2 58.8 59.8 59.7 60.4 61.5 60.6 58.8 59.2 57.0 57.2 57.4 56.3 54.4 51.8 53.2 51.9 58.8 53.3 50.8

Domenica 

26/11/2017
51.5 48.6 50.6 48.7 46.7 45.1 46.1 48.2 51.7 53.6 54.3 53.2 53.8 52.0 53.5 53.5 55.5 55.8 54.9 55.5 53.6 53.0 50.5 50.7 53.6 53.3 49.5

58.5 55.3 50.0MEDIA SETTIMANALE

LAeq misurato (dB(A))

Orario

Descrittore 

acustico
Postazione P02
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Á  Traffic flows detection 

Regarding the traffic flows detection, the sheets are structured as follows: 

¶ General data of the measurement position (coding, description, reference road, system of 

measurement used). 

¶ Territorial framework for the planimetric measurement identification and photographic 

documentation. 

¶ Results of the automatic detection of traffic flows: date and time of start and end of the count, 

traffic flows (vehic/h) and speed values (km/h) of vehicles divided by direction of travel and 

between light and heavy vehicles and referred, for all measurement days and as a weekly 

average level, to the Day/Evening/Night period. 

 

A tabular and graphical summary of the results of the detection of traffic flows is shown below. 

 

Table 17 - Results referred to the acoustic descriptors Day/Evening/Night (position CT01) 

Date 
Acoustic 

Descriptor 

Direction 1 - Center Direction 2 - Periphery 

LIGHT  HEAVY  TOTAL  LIGHT  HEAVY  TOTAL  

Monday 20 & 

27/11/2017 

Day 7301 159 7460 6850 96 6946 

Evening 767 7 774 686 3 689 

Night 705 3 708 746 3 749 

Tuesday 

21/11/2017 

Day 7408 147 7555 6876 89 6965 

Evening 812 6 818 739 1 740 

Night 685 4 689 766 1 767 

Wednesday 

22/11/2017 

Day 7410 147 7557 6600 80 6680 

Evening 836 7 843 711 4 715 

Night 816 10 826 762 5 767 

Thursday 

23/11/2017 

Day 7212 145 7357 6295 86 6381 

Evening 926 8 934 732 5 737 

Night 815 6 821 848 2 850 
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Date 
Acoustic 

Descriptor 

Direction 1 - Center Direction 2 - Periphery 

LIGHT  HEAVY  TOTAL  LIGHT  HEAVY  TOTAL  

Friday 

24/11/2017 

Day 7368 125 7493 6450 81 6531 

Evening 1044 7 1051 745 2 747 

Night 1020 7 1027 823 2 825 

Saturday 

25/11/2017 

Day 7525 65 7590 3526 15 3541 

Evening 868 5 873 563 1 564 

Night 1357 3 1360 634 15 649 

Sunday 

26/11/2017 

Day 6523 23 6546 6025 3 6028 

Evening 680 2 682 591 2 593 

Night 1176 2 1178 1082 1 1083 

Weekly  

Average 

Day 7250 116 7365 6089 64 6153 

Evening 848 6 854 681 3 684 

Night 939 5 944 809 4 813 
 

Table 18 - Results referred to the time data (position CT01) 

Date 
Acoustic 

Descriptor 

Direction 1 - Center Direction 2 - Periphery 

LIGHT 

vehic/h 

HEAVY 

vehic/h 

TOTAL 

vehic/h 

LIGHT 

vehic/h 

HEAVY 

vehic/h 

TOTAL 

vehic/h 

Monday 20 & 

27/11/2017 

Day 522 11 533 489 7 496 

Evening 384 4 387 343 2 345 

Night 88 0 89 93 0 94 

Tuesday 

21/11/2017 

Day 529 11 540 491 6 498 

Evening 406 3 409 370 1 370 

Night 86 1 86 96 0 96 

Wednesday 

22/11/2017 

Day 529 11 540 471 6 477 

Evening 418 4 422 356 2 358 

Night 102 1 103 95 1 96 

Thursday 

23/11/2017 

Day 515 10 526 450 6 456 

Evening 463 4 467 366 3 369 

Night 102 1 103 106 0 106 

Friday 

24/11/2017 

Day 526 9 535 461 6 467 

Evening 522 4 526 373 1 374 

Night 128 1 128 103 0 103 

Saturday 

25/11/2017 

Day 538 5 542 252 1 253 

Evening 434 3 437 282 1 282 

Night 170 0 170 79 2 81 

Sunday 

26/11/2017 

Day 466 2 468 430 0 431 

Evening 340 1 341 296 1 297 

Night 147 0 147 135 0 135 

Weekly  

Average 

Day 518 8 526 435 5 440 

Evening 424 3 427 341 1 342 

Night 117 1 118 101 1 102 
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Table 19 - Results referred to the acoustic descriptors Day/Evening/Night (position CT02) 

Date 
Acoustic 

Descriptor 

Direction 1 ï Via Bertacchi Direction 2 ï Via Guerrina  

LIGHT  HEAVY  TOTAL  LIGHT  HEAVY  TOTAL  

Monday 20 & 

27/11/2017 

Day 2732 73 2805 2324 70 2394 

Evening 154 1 155 108 4 112 

Night 98 1 99 98 0 98 

Tuesday 

21/11/2017 

Day 2855 80 2935 2329 62 2391 

Evening 180 4 184 118 3 121 

Night 111 4 115 121 1 122 

Wednesday 

22/11/2017 

Day 2816 71 2887 2317 70 2387 

Evening 198 3 201 113 3 116 

Night 105 2 107 113 1 114 

Thursday 

23/11/2017 

Day 2848 71 2919 2346 83 2429 

Evening 179 2 181 104 2 106 

Night 125 2 127 100 1 101 

Friday 

24/11/2017 

Day 2913 70 2983 2405 59 2464 

Evening 185 3 188 118 2 120 

Night 155 1 156 114 0 114 

Saturday 

25/11/2017 

Day 2065 39 2104 1554 26 1580 

Evening 113 2 115 91 1 92 

Night 161 0 161 135 1 136 

Sunday 

26/11/2017 

Day 1385 9 1394 1057 10 1067 

Evening 117 0 117 84 0 84 

Night 144 0 144 116 0 116 

Weekly  

Average 

Day 2516 59 2575 2047 54 2102 

Evening 161 2 163 105 2 107 

Night 128 1 130 114 1 114 
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Table 20 - Results referred to the time data (position CT02) 

Date 
Acoustic 

Descriptor 

Direction 1 ï Via Bertacchi Direction 2 ï Via Guerrina  

LIGHT 

vehic/h 

HEAVY 

vehic/h 

TOTAL 

vehic/h 

LIGHT 

vehic/h 

HEAVY 

vehic/h 

TOTAL 

vehic/h 

Monday 20 & 

27/11/2017 

Day 195 5 200 166 5 171 

Evening 77 1 78 54 2 56 

Night 12 0 12 12 0 12 

Tuesday 

21/11/2017 

Day 204 6 210 166 4 171 

Evening 90 2 92 59 2 61 

Night 14 1 14 15 0 15 

Wednesday 

22/11/2017 

Day 201 5 206 166 5 171 

Evening 99 2 101 57 2 58 

Night 13 0 13 14 0 14 

Thursday 

23/11/2017 

Day 203 5 209 168 6 174 

Evening 90 1 91 52 1 53 

Night 16 0 16 13 0 13 

Friday 

24/11/2017 

Day 208 5 213 172 4 176 

Evening 93 2 94 59 1 60 

Night 19 0 20 14 0 14 

Saturday 

25/11/2017 

Day 148 3 150 111 2 113 

Evening 57 1 58 46 1 46 

Night 20 0 20 17 0 17 

Sunday 

26/11/2017 

Day 99 1 100 76 1 76 

Evening 59 0 59 42 0 42 

Night 18 0 18 15 0 15 

Weekly  

Average 

Day 180 4 184 146 4 150 

Evening 80 1 82 53 1 54 

Night 16 0 16 14 0 14 

 

List of Annexes of sub-action B5.2 (ante-operam monitoring - novemb 2017): 

 

- Annex 10 ï Calibration certificates for the measurement systems used 

- Annex 11 ï Monitoring sheets 
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2.2.3 Analysis of ante-operam monitoring data and preparation of noise maps 

 

This paragraph reports the methodology used for the analysis of the traffic data collected during the 

monitoring campaign on some roadways and the definition of flows to the other stretches not counted 

but within the pilot area.  

The methodology used for the construction of the acoustic simulation model, for the creation of the 

noise maps and for the calculation of the exposed population (indicators) is also described. 

 

As described in the previous chapters, during the monitoring campaigns the following data have been 

collected: 

 

¶ long-term (weekly) traffic data on two stations by counting with automatic radar traffic counting 

system;  

¶ short-term SPOT traffic data (1 hour) on ten stations by manual counting. 

 

The following table summarizes the survey stations and the type of monitoring carried out: 

 

Table 1 - Monitoring scenarios 

Position ID  Tipology Toponym 

P01 Weekly Viale Libertà 

P02 Weekly Via A. Modigliani  

Mis001 Spot Viale Libertà ï Centro Civico 

Mis002 Spot Viale Libertà n. 93 

Mis003 Spot Via Gallarana 

Mis004 Spot Via della Guerrina n. 31 

Mis005 Spot Kindergarten ñModiglianiò - Via Modigliani 

Mis006 Spot Kindergarten ñCuore Immacolato di Mariaò - Via Parmenide 

Mis007 Spot Via Giuseppe Impastato 

Mis008 Spot Via Correggio Allegri 

Mis009 Spot Viale Libertà ï Technical institute ITCG ñMapelliò 

Mis010 Spot Via della Guerrina ï High school ñPortaò 

 

 

The following figure shows the roadways, which have been coloured for a better definition: 

¶ the stretches subject to weekly traffic counts are in violet; 

¶ the stretches subject to spot traffic counting are in red;  

¶ the stretches within the pilot area, which are not subject to monitoring and for which flows have 

been estimated are in light blue; 

¶ all stretches outside the pilot area in grey. 
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Figure 2 ï Stretches under monitoring 

 

Reconstruction of daily traffic flows and definition of stretches 

 

For the construction and the definition of the average daily traffic flows, the following steps were 

considered: 

 

¶ Viale Libertà: from the measures carried out during the monitoring campaigns on Viale della 

Libertà (both in the weekly and in the spots) it has been noted that this road axis has a similar 

trend, both in terms of total daily traffic flow and percentage of heavy vehicles, along its entire 

length, but very different from the other routes within the pilot area. For this reason, it was 

decided to assign the traffic flows detected by the radar system in the Viale Libertà Civic Centre 

(weekly) to all the sections of Viale Libertà within the pilot area. 

 

¶ Via Modigliani: to the entire stretch of the street, the flows detected on the CT02 traffic counter, 

installed on this road axis, have been assigned.  

 

¶ Other monitored roads: for the other roadways, reference was made to the weekly flow 

measurements obtained at the Via Modigliani station. In particular, for this station, the hourly 

volumes of traffic were extracted per day (separate for light and heavy vehicles) and the weekly 

average was calculated. Subsequently, the daily average weekly traffic diagram was constructed. 

Considering that, as mentioned, the other monitored roadways have similar characteristics to 

Via Modigliani, this diagram was used to reconstruct the daily flow of all the other roadways 

monitored spot, starting from the hourly traffic data contextual to the phonometric measurement. 
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The following figure shows an example of reconstruction of the average daily flow on Via Gallarana, 

using the hourly distribution of Via Modigliani (referring to the ante operam campaign of May 2017). 

 

Figure 2 ï Example of Via della Gallarana ï May 2017 

  
                
Traffic trend on via Modigliani 

Average hourly traffic flow measured 

during weekly monitoring 
 

 

 
                     Traffic trend on via della Gallarana 

                Reconstructed average hourly traffic flow  

 

 

 

When the average daily traffic flows for all the monitored stretches were reconstructed, a definition of 

the flows to the other roads within the pilot area, that were not monitored, was carried out. The definition 

was made on the basis of similar characteristics of the road network determined in close collaboration 

with the technical offices of the Municipality of Monza. 

 

 

 

Acoustic model, calibration and noise maps 

 

The construction of the noise maps and the definition of the exposed receivers (indicators) has been 

obtained through the construction of a sound model calibrated with reference to the phonometric surveys 

and traffic flows carried out in the different stations.  

 

 

 

 

 

Data Direz. LEGGERI PESANTI TOTALE

17/05/2017 Dir.1 67 1 68

ora 14-15 Dir.2 228 0 228

Leg Pes Leg Pes TOTALE

0-1 50 0 50

1-2 27 0 27

2-3 16 0 16

3-4 9 0 9

4-5 8 0 8

5-6 25 0 25

6-7 74 1 75

7-8 341 2 343

8-9 529 2 530

9-10 402 1 403

10-11 331 1 332

11-12 334 1 335

12-13 331 1 332

13-14 318 1 319

14-15 296 1 295 1 296

15-16 331 1 332

16-17 412 2 413

17-18 458 1 459

18-19 494 1 496

19-20 371 1 372

20-21 227 1 227

21-22 139 0 139

22-23 100 0 101

23-24 86 0 86

Monitoraggio MAGGIO 2017

Via della Gallarana

Flussi di traffico (veic/h)

direzione 1

Orario

Spot Calcolo

conteggio manuale Distribuzione flusso
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Construction of the acoustic model 

 

The evaluation of the sound levels was conducted using the SoundPlan calculation software, developed 

by GmbH. The software uses a ray-tracing calculation algorithm with ray tracing from the receiver 

points.  

As a calculation method, the software implements numerous standards. In this study, the French NMPB 

standard indicated by 2019 by Directive 2002/49/EC (implemented at Italian national level by 

Legislative Decree 194/2005) was used for the calculation of road traffic noise. 

The following specifications have been adopted with regard to noise and calculation settings: 

 

¶ order of reflection equal to 2; 

¶ maximum study range 2000 m; 

¶ study distance around each receiving point considered in the calculation equal to 500 m; 

¶ maximum distance of reflections from the receiver equal to 500 m; 

¶ maximum reflection distance from the source equal to 200 m; 

¶ ground factor G: 

¶ equal to 0.5 for all areas within urban and/or industrial areas; 

¶ equal to 0.8 for all other areas (fields, rural areas, river areas, forests, etc.); 

¶ facade reflection coefficient equal to 0,8  

 

Simulations were performed for the following parameters: 

 

¶ LDEN level in dB(A) in the day-evening-night period. 

¶ LNIGHT level in dB(A) in the nighttime (10.00 pm ï 6.00 am). 

¶ LAeq,daily level in dB(A), in the daytime (6.00 am ï 10.00 pm). 

¶ LAeq,night level in dB(A), in the nighttime (10.00 pm ï 6.00 am). 

 

 

For the definition of the propagation model, the territorial data contained in the designated website of 

Lombardia Region and those contained in the territorial database provided by the Urban Planning Office 

of the Municipality of Monza were used. In particular, from these databases, all the data necessary for 

the definition of the morphology of the territory, for the definition of the type of the building (residential, 

school, health, industrial buildings) and for the construction of a map of the road infrastructure have 

been extracted.  

Concerning the population data, the shapefile, made available on the ISTAT webpage, was used. It 

contains the 2011 census data relating to the entire territory of the Lombardia Region. The population 

data were distributed over all the residential buildings present in each census section, taking into account 

the volumetric dimensions of the buildings. 

 

 

Calibration and validation of the calculation model 

 

The calibration phase of the calculation model was obtained by determining appropriate K correction 

coefficients, defined from the difference between the measured and simulated acoustic value at the 

SPOT measuring stations. The K coefficient represents the actual difference with respect to the emission 

conditions of the road and the fleet used by the software as well as the difference in the actual driving 

conditions compared to those assumed in the calculation. 

The correction was made with the objective of introducing minimum corrections such as to reduce the 

differences between the measured value and the simulated value within ±0.5 dB(A). 
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The procedure included the following steps: 

 

¶ calculation of the generated noise level (LAeq, expressed in dB(A)), at the measurement points, 

by implementing the hourly flow of vehicles counted by the operator during the measurements 

in the reference sound source and setting a transit speed of all types of vehicles at 50 km/h; 

¶ comparison of measured levels with similar simulated levels; 

¶ determination of the value of the correction coefficient K, according to the abovementioned 

selection criteria. 

The K correction, expressed in dB(A), has been implemented in the acoustic model correcting the sound 

emission and setting the same other input parameters.  

 

The validation phase involved an experimental numerical comparison with reference to the weekly level 

determined in the two long-term stations. In this case, deviations of up to 2 dB(A) between the measured 

and simulated level were considered suitable.  

 

Acoustic maps and calculation of exposed receivers 

 

The following calculation methods were used for the construction of the noise maps and for the 

definition of the exposed receivers (see indicators): 

 

¶ CALCULATION OF THE ACOUSTIC VALUES ON THE FACADE: sound levels were 

assessed as maximum levels on the most exposed façade of each residential building. The 

simulations were carried out at a height of 4 m, excluding the reflection of the building façade, 

behind the calculation point, at a distance of 1 m from the receiverôs façade. 

 

¶ ACOUSTIC MAP CALCULATION: a grid of points has been defined with a pitch of 10 m, 

positioned at a height of 4 m above the ground.  

 

 

The input data for road sources are: 

 

¶ Viale Libertà and Via Modigliani: the average weekly traffic flows recorded during the 

monitoring campaigns (divided by day, evening and night) were included in the acoustic model. 

¶ Other monitored roads: the average traffic flows reconstructed on the basis of spot surveys 

(divided by day, evening and night) have been included in the acoustic model. 

¶ Non-monitored roads: the average traffic flows assigned by the abovementioned procedure have 

been included in the acoustic model. 

 

 

The noise maps, for the May 2017 and November 2017 monitoring (Annex 29) were produced as 

isophonic curves included in the defined calculation area (Pilot area) with reference to the LDEN and 

LNIGHT noise indicators respectively (in the range between 45 dB(A) and 75 dB(A)).  

The values of the noise levels, measured by the receivers on the façade, were used to calculate the 

exposed population and to update the indicators. 

The calculation was performed both in reference to the entire Lez area and to the area contained in a 

buffer of 30m from Viale della Libertà. 
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INTRODUCTION 

 

The continuous economic growth, the increase in industrial production, the growing urbanization and 

the related transport needs will continue to increase the levels of noise pollution in European 

countries, with consequences for the health of all citizens. It therefore becomes essential to encourage 

the collection of data on exposure to noise, encourage various countries to develop their action plans 

and focus on reducing sources. 

Recent statistics estimate that as many as 125 million European citizens are exposed to road traffic 

noise levels above average annual levels of 55 dB but these figures could actually be significantly 

higher. 

This exposure leads to the perception of discomfort for 20 million inhabitants, the appearance of sleep 

disturbances for 8 million and itôs responsible for over 40 thousand hospitalizations. In addition, some 

8000 children in Europe have difficulty  reading and concentrating in areas where air traffic noise is 

near to school buildings (3). 

With these purposes, the LIFE MONZA project was born, which aims to develop the management of 

a "Noise Low Emission Zone" (Noise LEZ), that it is an urban area with low noise emissions subject 

to road traffic limitations and improvements regarding the quality of the life of the residents of a 

district of Monza. The project envisaged several strategies to reduce noise in the neighborhood, 

including the creation of a limited traffic area for trucks and interventions on the road system and 

public buildings. In addition, the effects on air quality and well-being conditions of residents in the 

neighborhood were analyzed. 

The main objective of the LIFE MONZA (Methodologies for Noise low emission Zones introduction 

and management) project is to develop a methodology replicable in different contexts, for the 

identification and management of the "Noise Low Emission Zone" (the urban area under 

consideration traffic limitations); the impacts and benefits of which on noise pollution will be 

analyzed and tested in the pilot area of the Municipality of Monza. 

Further objectives of the project concern the analysis of the effects of the Noise Low Emission Zone 

on air quality and people's well-being conditions, the definition of the type of interventions capable 

of inducing beneficial and synergistic effects, such as those concerning the planning of the flows of 

traffic and adoption of low-noise floors, and, finally, the active involvement of the population in 

different and more sustainable lifestyle. 

In order to establish an active dialogue between institutions and citizens, questionnaires were 

administered regarding the various environmental issues, the development of a system for sharing 

good practices, through meetings with primary and secondary school students and activities for their 
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involvement (for example, the competition of ideas dedicated to the creation of the logo of the "Noise 

Low Emission Zone" of the pilot area).  

THE DETECTION TOOL 

The sample survey, of a diachronic type, provided for the realization of two surveys: the first (pretest) 

defined the situation ex ante, the second (post-test) recorded the conditions found after the 

implementation of the infrastructure interventions and other measures envisaged by the project, in 

order to evaluate the changes that have occurred. The data was collected in both phases by 

administering semi-structured questionnaires to samples of the population residing in the "Liberty 

districtò separated for the two time phases. The pre and post-test questionnaires share almost all the 

questions in common, to allow a satisfactory comparison between the ex ante and ex post situations. 

The area affected by the "Life MONZA" Project is the Liberty District, located in the north-east 

quadrant of the city, near the city park area, which represents the green lung of the city. Monza, with 

its resident population of 124,693 inhabitants in 2017, is the third most populous municipality in 

Lombardy. 

 
 

The questionnaire consists of two main sections. This report refers to the contents of the second 

section. 

 The 30 questions that make up the second part of the questionnaire refer to: 

Ɇ Information on the respondent's health status (physical, psychological problems, possible 

therapies); 

Ɇ Home information (proximity to public services and health care); 

Ɇ Quality of personal life (level of satisfaction, enjoying life); 
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Ɇ Perception of sleep quality and daily concentration; 

Ɇ Perception of the environmentôsafety, for personal health purposes (noise, pollution); 

Ɇ Level of satisfaction of social networks (friends, social relationships, leisure); 

Ɇ Presence of negative feelings (annoyance, decreased mood, anxiety, depression). 

 

In the first section, the ISPRA group, in collaboration with the Sapienza University of Rome, also 

collected information on housing, quality of life, mobility and the perception of air pollution and 

noise, in addition to socio-demographic data. 

 

THE SAMPLING 

 
 
The selection of the sample provided for a stratified random strategy, considering as the reference 

population the set of citizens residing in the study area aged between 18 and 80 and three stratification 

variables: (gender, 3 ageôgroups and spatial location). To establish the sample size, given that the 

reference population was equal to 6.150 units, a calculation formula was used that took into account 

the correction factor for finite populations. The outcome of the choices made led to the selection of a 

sample of 570 units. In addition to the list of sampled population, two lists of names and addresses 

have been prepared for replacements, to be used if it was not possible to find the sampled subject. 

The same procedure was replicated in 2019, on the occasion of the second survey (post-test). 

 

THE DETECTION METHODS 

 
 
ISPRA, in collaboration with the Municipality of Monza, the University of Florence, Vie en.ro.se 

Engineering and the "Carlo Porta High School", identified the best solution in the postal dispatch of 

the questionnaires. For the pretest phase, the submission began in the first days of February 2018, for 

both sections of the questionnaire, with an institutional letter of accompaniment from the 

Municipality, containing the indications for hand delivery to two locations and for the access to the 

alternative method of filling in electronically. After the first two weeks of collection, the first 

reminder was made indirectly through online notices and through local media, while the direct 

reminder to the sample (letter with questionnaire) was made only once in May 2018. With this 

strategy, the role of the detectors, tutors and students of the "Carlo Porta High Schoolò was therefore 

mainly expressed in the with drawal of the completed questionnaire and the clarification of any doubts 

by citizens. 
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There were two locations identified for the manual delivery of the paper questionnaires: 

Ɇ the "Carlo Porta High Schoolò (Via della Guerrina, 15), which guaranteed a space also dedicated 

to filling in the questionnaire at the headquarters; 

Ɇ the ñLiberty Civic Centerò (Viale Libertà, 144), which for a few days made the coworking room 

available with tables and places for up to twenty people. 

 
The questionnaire was also administered electronically online (always in self-administration mode, 

with the direct access of each respondent to the Limesurvey). 

 

RESPONDERS 

 
In the pretest phase, a total of 177 subjects were involved, therefore approximately 31% of the 

cases envisaged by the sample design (Fig.1). 

 

 'ÅÎÄÅÒȟ ÈÏÕÓÅȭÌÏÃÁÔÉÏÎȟ ÁÇÅ 
 

Fig.1 Socio-demographic data in the pretest phase 
 

For gender, there is a similar distribution (87 women and 77 men in the pretest phase); about 

homeôlocation, residents were more than 30 meters from Liberty Avenue in both phases (120 subjects 

in the first phase). Finally, as regards age, most of the responders are between 36 and 60 years 

(average 55 ys). 
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Citizenship 

In the pretest phase, almost all the interviewees have Italian citizenship (176 cases; one case preferred 

not to answer the question). The respondents were born in Lombardy principally (74.6%) and over 

44% in the province of Monza and Brianza. The sample also includes subjects born in other regions 

(44), especially in South Italy (in particular Campania, Sicily, Puglia and Calabria). Three 

respondents (1.7% of the total) were born abroad. 

 
 

Education title and occupation 

In the first phase, the sample has a significant incidence of diplomates (48.3%) and graduates (30.1%); 

about occupation, it mainly includes employed people (48.6%) and retired people (34.9%). 

Furthermore, over 40% of respondents work in commerce and services, while 24% are or have been 

employed in industry; most of them as employees (more than 87% overall). 

 
Home 

In first phase, about a fifth of respondents (25.6%) live in houses that directly overlook Liberty 

Avenue and 68.4% live within a distance of 100 meters from the avenue.  

 

 

LIFEôQUALITY- RESULTS 

 
 

Here are some of the main data that emerged in the PRETEST PHASE. 
 

 

Stress, sleep disorders, irritability attributable to noise pollution are reported by about 17% of 

respondents (11% report recurrent headache episodes). In 36 cases (20.3%) declare that they never 

accuse any of the disorders indicated. Only 3.4% say they can concentrate little on what they do, 

5.7% are very dissatisfied with sleep quality and 10.9% are not very satisfied (Fig. 2). 
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Fig.2 Frequencies (% values) of some disturbances that emerged in the pre-test phase 
 

Their quality of life is mostly assessed in a neutral way ("neither good nor bad", 55.9%), although 

there is no shortage of respondents who express a negative evaluation ("bad", "very bad", 19.8%) 

(Fig 3). Regarding some characteristics overall, over half ōŜƭƛŜǾŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ƛǎ ǎŀŦŜ άŜƴƻǳƎƘέ 

(57.6%) and a part of them say they find it "very" safe (26%); residents manage to carve out moments 

for hobbies ("much" in 55.4%) but nevertheless feel they do not enjoy life enough ("a little" - "for 

nothing" in 39%) (Fig. 4). 

 

Fig.3 [ŜǾŜƭ ƻŦ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜΩǎŀǘƛǎŦŀŎǘƛƻƴ ό҈ ǾŀƭǳŜǎύ ƛƴ ǘƘŜ ǇǊŜ-test phase 

Never Sometimes Often 

70 60 50 40 30 20 10  

Stress 

Sleep disorders 

Irritability  

Headache 

Have you ever suffered from these disorders? 

How do you feel about your quality of life? 

60 

 
50 

 
40 

 
30 

 
20 

 
10 

 
 

Very bad Bad Neither good 
nor bad 

Good Very good Not know 
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Fig.4 Frequencies (% values) of some variables in the pre-test phase 
 

From a physical status, the residents show sufficient but not optimal levels, with low daily energy 

("enough" in 42.9% and "little" in 24.9%) and they need therapies or treatments often ("enough" - 

"very "In 75.7%) (Fig. 5); despite some difficulties, there is appreciation for one's existence ("much" 

in 36.2% and "enough" in 47.5%) (Fig. 6). 

 

Fig.5 Frequencies (% values) of some variables in the pre-test phase 

Very much Much Enough Little For nothing 

70 60 50 40 30 20 10  

Enjoy life 

Concentration 

Safe environment 

Hobbies 

Moviments 

Energy 

Therapies and treatments 

Physicals disorders 

 10 20 30 40 50 60 70 

Very much Much Enough Little For nothing 
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Fig.6 Frequencies (% values) of some variables in the pre-test phase 
 

There are discrete levels of satisfaction with one's own person and daily activities, also in 

consideration of the commitment and perseverance made available for one's personal obligations 

(53.1% "satisfied", 41.8% and 49.7% respectively). On the other hand, there are poor levels of 

ǎŀǘƛǎŦŀŎǘƛƻƴ ƛƴ ǎƻŎƛŀƭ ǊŜƭŀǘƛƻƴǎΩǎǇƘŜǊŜ ŀƴŘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ όϦƴƻǘ ǎŀǘƛǎŦƛŜŘϦ ƛƴ тоΦп҈ύ όCƛƎ 7,8). 

 
 
 

Fig.7 Satisfaction (% values) of some variables in the pre-test phase 

Very much Much Enough Little For nothing 

70 60 50 40 30 20 10  

Meaning of life 

Safety 

Aesthetic aspect 

Economic resources 

Relationship 

Sleep 

Oneself 

 10 20 30 40 50 60 70 

Very satisfied Satisfied Neither dissatisfied nor satisfied Dissatisfied 
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Fig. 8 Satisfaction (% values) of some variables in the pre-test phase 
 
 
 

 
/hb¢LbD9b/¸ ¢!.[9{ Lb w9[!¢Lhb ¢h Iha9Ωth{L¢Lhb 

 

 
Proceeding with contingency tables between 2 selected variables («Does your home overlook Liberty 

Avenue?» and «Distance from Liberty Avenue») and each questions, we have found an significant 

association (P< 0.05) only for 2 variables: 

 
1) ñCan you concentrate on things you do?ñ/ ñDoes your home overlook Liberty Avenue?ò (P 

0.021), highlighting on one hand a greater concentration for those who not overlook the 

avenue and on the other hand a greater disturbance perceived by the inhabitants overlooking 

the avenue (area subject to improvements) (Tab.1); 

2)  ñAre you satisfied with how you sleep?ò/ ñDoes your home overlook Liberty Avenue?ò (P 

0.002), highlighting on one hand a greater sleepôsatisfaction for those who not overlook the 

avenue and on the other hand a greater perceived disorder by inhabitants overlooking the 

avenue (area subject to improvements) (Tab.2). 

 

 

 

 

Dissatisfied Neither dissatisfied nor satisfied Satisfied Very satisfied 

80 70 60 50 40 30 20 10  

Carrying out activities 

Ability to engage 

Support from friends 
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Does your home 
overlook Liberty 
Avenue? 

Are you satisfied with how you sleep? 

 
Disatisfied 

Neither 
disatisfied nor 
satisfied 

 

Satisfied- Very 
satisfied 

No 66,7% 60% 81,4% 

Yes 25% 40% 17,5% 

Chi-Square Value gl P value 
 16.679a 4 0.002 

 

Tab.1 /ƻƴǘƛƴƎŜƴŎȅ ǘŀōƭŜ ōŜǘǿŜŜƴ ƘƻƳŜΩǇƻǎƛǘƛƻƴ ŀƴŘ ǎƭŜŜǇ όtǊŜ-test) 
 

Does your home overlook 
Liberty Avenue? 

Can you concentrate on things you do? 

 

For nothing-A bit 
 

Enough 
 

Much-Very much 

No 83,5% 73,9% 69,1% 

Yes 0% 26,1% 28,4% 

Not know 16,7% 0% 2,5% 

Chi-Square Value gl P value 

 11.560a 4 0.021 

 

¢ŀōΦн /ƻƴǘƛƴƎŜƴŎȅ ǘŀōƭŜ ōŜǘǿŜŜƴ ƘƻƳŜΩǇƻǎƛǘƛƻƴ ŀƴŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ όtǊŜ-test) 
 
 
 



77 

 
 
LIFE15 ENV/IT/000586-LIFE MONZA                                                                                                                   Deliverable Action B5 ï sub-action B5.4 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



78 

 
 
LIFE15 ENV/IT/000586-LIFE MONZA                                                                                                                 Deliverable Action B5 ï sub-action B5.5 
 

 

 

 

 

 

Bottom-up actions ï MONZA  



79 

 
 
LIFE15 ENV/IT/000586-LIFE MONZA                                                                                                                 Deliverable Action B5 ï sub-action B5.5 
 

 

 

 

 

LIFE15 ENV/IT/000586  

LIFE MONZA   
Methodologies fOr Noise low emission Zones introduction  

 And management  

  

 

 

Deliverable  Report on Ante and Post operam data collection 

Action/Sub-action  B5.5 ñBottom up actions: ex ante/ex post people participationò 

Authors  Jonathan Monti 

Status - date  Final Version- 03-05-2020  

 
  

Beneficiary:  Comune di Monza 

Contact person:  Jonathan Monti 

E-mail:  jmonti@comune.monza.it 

Project Website:  www.lifemonza.eu  

  

  

  

  

 

 

  

  

  

  

  
  

mailto:jmonti@comune.monza.it


80 

 
 
LIFE15 ENV/IT/000586-LIFE MONZA                                                                                                                 Deliverable Action B5 ï sub-action B5.5 
 

 

 

1. Introduction and objectives 

 

The LIFE MONZA project focuses on the Libertà district in the city of Monza, a densely populated area 

with about 10,000 inhabitants, located in the north-eastern part of the city. The neighbourhood is crossed 

by a main road with about 30,000 vehicles per day, which is one of the main access roads to Monza and 

is currently the city's main west-east transit road.  

Within this area, on the basis of the Municipality's Acoustic Mapping (the so-called ñMappatura 

Acusticaò), all buildings included in the 30 m road strip are exposed to noise levels above 65 dB(A) 

during the day and 55 dB(A) at night. For this reason, this is a critical area in the Monza Action Plan. 

The fields of intervention of the project are: 

¶ state of the art review 

¶ implementation of top-down measures, consisting of infrastructures and traffic management 

along Viale Libertà; 

¶ implementation of bottom-up measures, through the active involvement of residents and the 

spread of habits for noise reduction and improvement of air quality and health in life and the 

working environment. 

 

2. Involvement of people: organization of meetings, a competition of ideas, 

questionnaires  

 

Concerning the organization of meetings, the Municipality of Monza has been active in the definition 

of school events for the dissemination of the project. Two initiatives have been organized: 

- On 26th April 2017: ñNoise Awareness Day", which concerns noise awareness activities for the 

ñMapelliò School in the Libert¨ district and the organization of a day of training on acoustics (simple 

theoretical notions on noise, followed by practical measurements with technical instruments). The 

Municipality of Monza (with Nicola Sgaramella) in collaboration with UNIFI and Vie en.ro.se. 

Ingegneria participated in the meeting. 

- On 3rd May 2017: Training day on acoustics, in which short theoretical notions on noise have been 

explained, followed by practical measurements with technical instrumentation. Noise education 

activities were carried out by ñRodariò Primary School (based on learning by playing). Nicola 

Sgaramella participated for the Municipality of Monza. 

 

With regards to the competition of ideas, a contest has been set up to create a logo and a slogan for the 

communication and promotion of the project in the Libertà district. The aim was to represent the 

fundamental elements to identify the neighbourhood in terms of noise pollution and to support the 

various activities to improve environmental quality. Students were involved directly for raising their 

awareness of the project's objectives. The competition was addressed to the students of the ñMapelliò 

Institute. The works were evaluated based on originality, simplicity, suitability, memorability, ductility. 

The members of the first three winning groups were rewarded with one bicycle each, in the presence of 

the mayor of the city. T-shirts and pencils with the chosen logo were distributed to all participants in 

the competition. 

 

Questionnaires have been written by Unifi, Ispra and Vie en.ro.se. and, then, distributed by the 

Municipality of Monza. They constitute a sample survey in the analysis of the effects of actions through 

the detection and evaluation of perceptions and behaviours of the population. 

In particular, people were interested in the project concerning aspects related to the liveability of the 

neighbourhood and the environmental, social and welfare conditions for the community. 
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Questionnaires were sent by post, between 15th and 16th February 2018, together with an official letter 

from the Municipality, explaining the instructions for the delivery of the survey. 

After the first two weeks, an indirect reminder was made via web and local media. 

For the manual delivery of the questionnaires, the identified places were: 

- the "Carlo Porta" High School (Via della Guerrina, 15), where a dedicated space was granted, with the 

possibility of filling in on site; 

- the Civic Center of Libertà DIstrict (Viale Libertà, 144), where the coworking room was used for a 

few days. 

The paper questionnaires, delivered to the Civic Center of Viale Libertà, were processed to begin with 

the evaluation work.  

In the institutional site of the Municipality of Monza, a specific section for the Life Monza project has 

been realized. This section contains the objectives and actions that have been carried out during the 

whole life of the project. The project has also been promoted on social media. 

 

3. Pedibus 

 

The bottom-up action of the Pedibus, which characterizes the Life Monza project, aims at the active 

involvement of the community. The Pedibus, according to the "Regolamento del Pedibus Monza-

Libertà" (municipal regulations), is defined as a school bus on foot and a participatory action that 

promotes mobility on foot in the home-school journey. Children enrolled in the Pedibus, organized in 

small groups, are accompanied by volunteers (parents and/or grandparents) and go from home to school 

following the Pedibus lines. The Pedibus is an active educational experience that can be carried out with 

the support of both the school and the local community.  

The Municipality of Monza considers the Pedibus, an action proposed by ABCittà, as a real "common 

good for the city". In this perspective, the experience realized within the LIFE project in the period 

November 2018 - June 2020, has allowed the definition of a "Neighbourhood Pedibus", where, to take 

care of the accompaniment of children, are not only the parents directly concerned, but also volunteers 

who have recognized a concrete commitment to improve the quality of life in the neighbourhood. 

 

Several meetings took place with ABCitt¨ at the ñRodariò Primary School for checking the availability 

of the accompanying service, starting from the parents of the pupils. In the phases of promotion and 

subsequent start of the action, the Consulta of Viale Libertà - a group formed by citizens committed to 

collaborating with the Administration -, was the reference point for all citizens who found in the Pedibus 

an opportunity to relaunch local relations. On 29th November 2018, the first meeting took place at the 

district council with representatives of the Municipality of Monza and ABCittà, together with 

stakeholders from different local associations. The meeting brought positive effects by collecting the 

first applications of volunteers and interest and willingness to reach other residents.  

The poster of the above-mentioned event, which was the starting point for the Pedibus, is shown below. 
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This chapter provides an overview of the data collected in the ante-operam phase of the project (see the 

attached documents), partly referred to in the previous chapters of this report, containing data from the 

monitoring of environmental components, linked to top-down actions, and data related to bottom-up 

activities. The attached documents are an integral part of the study carried out within the Life Monza 

project for the specific action B5 "Monitoring and data collection for impact assessment". 

 

1. Systematisation of Top-down action data 

The following table shows a scheme of the data collected in the top-down actions, in the ante operam 

phase of the project. For each activity carried out (column 1), the survey periods (column 2), any 

problems encountered or relevant notes (column 3), the reference to the corresponding annex (column 

4) and the verification according to the planned activities (column 5) have been reported.  

 

Table 1 ï Systematisation of data collected in the ante operam phase with regard to top-down actions 

 

ACTIVITY  PERIOD CHECK NOTES ATTACHED 

DOCUMENTS 

CHECK 

Smart Noise 

Monitoring 

System- Data per 

hour 

20/06/2017- 

30/06/2018 

On August 6, 2017 the 

microphone of the 

control unit installed 

on Viale della Libertà 

broke down after 

heavy rain. 

On September 13, 

2017 the broken 

microphone was 

substituted, and 5 

windproof headphones 

were replaced. 

By the year 2017 the 

moving of the data of 

the prototype system 

to servers owned by 

the municipal 

administration has 

been scheduled, with 

the possibility of 

management by 

UNIFI. 

Attached 

document n.1 
Ṋ 

Smart Noise 

Monitoring 

System- Data per 

day 

20/06/2017- 

30/06/2018 

Attached 

document n.2 
Ṋ 

Smart Noise 

Monitoring 

System- Data per 

week 

20/06/2017- 

30/06/2018 

Attached 

document n.3 
Ṋ 

Smart Noise 

Monitoring 

System- 

Harmonica Index 

20/06/2017- 

30/06/2018 

Attached 

document n.4 
Ṋ 

Smart Noise 

Monitoring 

System- Sensor 

calibration  

20/06/2017- 

30/06/2018 

Attached 

document n.5 
Ṋ 

Smart Noise 

Monitoring 

System- 

Broadband 

control 

20/06/2017- 

30/06/2018 

Attached 

document n.6 
Ṋ 

Smart Noise 

Monitoring 

System- Position 

correction 

20/06/2017- 

30/06/2018 

Free field correction in 

the ante-operam phase 

was only made on the 

6 sensors. 

Attached 

document n.7 
Ṋ 

1st noise/traffic 

monitoring 

campaign - 

15/05/2017-

23/05/2017 

 Attached 

document n.8 
Ṋ 
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Instrument 

calibration 

certificates 

1st noise/traffic 

monitoring 

campaign - 

Monitoring 

boards 

15/05/2017-

23/05/2017 

 Attached 

document n.9 
Ṋ 

2nd noise/traffic 

monitoring 

campaign - 

Instrument 

calibration 

certificates 

20/11/2017- 

27/11/2017 

 Attached 

document n.10 
Ṋ 

2nd noise/traffic 

monitoring 

campaign - 

Monitoring 

boards 

20/11/2017- 

27/11/2017 

 Attached 

document n.11 
Ṋ 

Ex ante air 

quality 

monitoring 

campaign 

2017/2018  Attached 

document n.12 
Ṋ 

 

 

2. Systematisation of Bottom-up actions data 

This section shows the data related to Bottom-up actions, summarized in the following table. 

 

Table 2 ï Systematisation of data collected in the ante operam phase with regard to bottom-up actions  

 

ACTIVITY  PERIOD CHECK NOTES ATTACHED 

DOCUMENTS 

CHECK 

Sample survey 

questionnaire 

February-May 

2018 

 Attached 

document n.13 
Ṋ 

Sample survey 

questionnaires - 

Sampling 

February-May 

2018 

Unsatisfactory 

trend in the 

collection of 

questionnaires 

due to problems 

related to the use 

of the postal 

service. Initiatives 

were 

implemented to 

extend the 

collection, aimed 

at receiving the 

response from the 

Attached 

document n.14 
Ṋ 
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subjects 

belonging to the 

considered 

sample. 

International 

Noise Awareness 

Day 2017-2018 

2017/2018  Attached 

document n.15 
Ṋ 

Meetings held for 

the involvement 

of the population 

19/07/2016-  

30/11/2018 

 Attached 

document n.16 
Ṋ 
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1. Introduction and objectives  
Action B5 of the LIFE MONZA project, titled ñMonitoring and data collection for impact 

assessmentò, aims at collecting data in the ante and post-operam scenarios and to perform the impact 

assessment referring to environmental parameters and road traffic. 

In particular, sub-action B5.1 regards the collection of noise data to be carried out through a smart 

noise monitoring system to be used continuously. The smart noise monitoring system is a prototype 

based on a network of 10 low cost microphones, designed and defined in detail in Action B3. At the 

end of the project, the prototype will be given free of charge to the city of Monza which will use it 

for monitoring activities in the three years following the LIFE period. 

The present report is structured as follows: in Paragraph 2 the migration procedure of the data 

collected by the smart sensor system to the new platform is described, in Paragraph 3 the data 

download and post-processing procedures are presented, in Paragraph 4 the procedures applied to 

check the low-cost sensorsô network are explained, in Paragraph 5 main obtained results from the 

carried out analysis are reported, in Paragraph 6 analysis of data collected in the period January-

March 2020 is reported, in Paragraph 7 general considerations are made about smart sensors and in 

Paragraph 8 the list of Annexes is reported. 

2. Data migration to the new server 
In October 2017 the data download and pre-analysis of the data began from the web platform  

http://influxserver.noisemote.com/grafana/?orgId=8. The methods of download and the problems that 

occurred in the first months were shared at the project meeting held on 13 October 2017 in the 

municipality of Monza. 

In addition, during the project meeting, attention was drawn to the need, within the current year, to 

migrate the data of the prototype system to servers owned by the municipal administration with the 

possibility of management by UNIFI for the duration of the project.  

Finally, on 28th March 2018 a meeting was held with the Municipality of Monza to evaluate the 

migration of the data downloaded from the Amazon servers to the servers of the Municipality of Monza. 

In the month of April/December 2018 data download and post-processing of the validation measures 

and the evaluation of the possibility of data migration to the server of the Municipality of Monza 

continued. Meetings were held both on July 9 at the municipality of Monza and via skype with the 

technicians of the Municipality. A meeting was held on 9th January 2019 at the municipality of Monza 

in which the migration of sensor data was discussed: the municipality confirmed the rental contract (to 

be finalized by January 2019) of an Amazon server compatible with the one currently used provisionally. 

With regard to data migration, at the meeting of 22nd March in Rome, the Municipality of Monza 

announced that everything was ready for the purchase of the Amazon server, but that it had not yet 

proceeded. In the meeting of 14th May, data migration to a new server rented by the Municipality of 

Monza was also discussed with the Municipality of Monza. UNIFI continued to use the original server. 

Although the delay in the migration has led to additional server and backup work for UNIFI, it was 

considered appropriate to leave things unchanged until the end of 2019, the end of the post-operam 

monitoring period. The migration was therefore planned between December 2019 and January 2020, 

followed by training and education of the Municipality's staff to back up the data in the period 

immediately following. Finally, due to the health emergency, it was considered appropriate to continue 

monitoring until March 2020. Data migration to the new server was finally completed between April 

and May 2020. 

 

http://influxserver.noisemote.com/grafana/?orgId=8
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3. Procedures applied to check the calibration procedures  

Concerning the verification procedures, the low-cost sensors challenge consists in maintaining network 

performance during long term periods of outdoor operation. 

The periodic check of the system is designed and performed to understand if the measurement accuracy 

is maintained in time or if sensors need to be repaired or replaced. After the preliminary check 

procedures was applied (see Report on B5.1 ï ante operam phase), an on-site, long-term site verification 

procedure have been applied both in the ante and in the post-operam periods to verify the noise 

monitoring system performances. 

The long-term, on-site verifications are planned to be performed every four months at least for two years 

during the noise monitoring period in the pilot area (1 year in the ante-operam scenario and 1 year in 

the post-operam scenario). As on-site check activities, the following time-stability verifications, four-

months based, have been performed: 

1 ï 1 kHz calibration check: a calibration check at the frequency 1 kHz (by using a sound pressure 

class I calibrator), assuming as requirements for long term check that the sound pressure level does not 

deviate more than 1.0 dB from the calibration one. Calibration is performed by the operator by inserting 

the microphone into the calibrator. Given the position of the sensors at a height of 4 m from the ground, 

the activity requires an elevated platform or a ladder. 

2 ï Broad band check: a comparison between the LAeq,30s* obtained from the low-cost sensors and 

a class I equipment both subjected to the same broad band noise signal (e.g. pink noise produced by an 

electroacoustic equipment **) in the range 45/105 dBA by, assuming as requirements for long term 

check a difference between the two systems within 2.0 dB(A).  

* This analysis also permits a check of low-cost equipment in different one-third octave band.   

** For this analysis also road traffic noise is usable. In this case measurement time period should be 

extended up to 5-10 minutes to be significant.  

In the configuration with electroacoustic source, the control is carried out from the ground. Various 

configurations have been studied that work for the positioning of the electroacoustic speaker on the 

ground but presenting a problem of interference with the noise produced by road traffic (especially along 

high traffic roads). An ad-hoc system has been designed to raise the speaker together with the class I 

microphone to the height of the low-cost microphone. This setup has envisaged the study of a special 

support on which are placed both the playback electroacoustic system and the class I microphone. 

3 ï Measurements to determine free field correction in order to evaluate the correction necessary to 

move from the sensor position to a similar free field position, in the initial phase of the monitoring, one-

hour measurements were carried out in which the low-cost sensor measurement was matched to the one 

with class I instrumentation by placing the microphone near the sensor but in free field conditions, i.e. 

at least 1m from the pole for pole installations and 1m from the façade surface for façade installations.    

At the current time, six on site verifications were performed: in July and November 2017, in March and 

July 2018 and in January and May 2019. 

4. Results 
In the current Paragraph results obtained according to the application of the procedures described in 

Paragraph 4 are reported and updated until December 2019. 
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4.1 Current results of 1 kHz calibration check 

For each SNMS a check procedure by using a class I, mono-frequency (1000 Hz) calibrator has been 

carried out during the on-site verifications, also in order to understand if some variations in time could 

be highlighted. 

Regarding the sensors placed on poles it could be noted a reduction up to 3 dB of the calibration noise 

levels from the first to the second survey and, subsequently, a stabilization of the calibration values 

(Figure 1).  

 

Figure 1: 1 kHz calibration check ï MEMs sensors placed on poles. 

 

Regarding the sensors placed on buildingôs façades, such trend is not evident and calibration noise levels 

turn out to be more constant and generally between 93 dB and 94 dB. 

It should be noted that the microphone of the smart sensor T0011 has been replaced in January 2019 

before the calibration check and this could have led to an increase in the calibration noise level. 

Similarly, a microphone substitution has taken place in July 2018 for the smart sensor T0015. 

Overall data are reported in Annex 21. 
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Figure 2: 1 kHz calibration check ï Electret sensors placed on buildingôs fa­ades. 

 

4.2 Current results of broad band check 

Concerning noise measurements carried out by using road traffic noise as noise source and a 

measurement time period extended up to 5-10 minutes, a difference of 1.5 dB(A) between the class I 

noise level meter and the smart system in terms of average LAeq has been found by considering all the 

checked sensors. Higher differences, of about 2-2.5 dB have been encountered with smart sensors placed 

on poles, while smaller differences, of about 0.5-1 dB have been encountered with smart sensors placed 

on the façade. An example is shown in Figure 3. 

 

 
Figure 3: Broad band check (by using road traffic noise), considering 7 minutes as measurement time 

period ï Time history of sound pressure levels, in terms of LAeq,1s [dB(A)]. 
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Also a comparison in terms of sound spectrum has been made for all sensors, an example is reported in 

Figure 4. 

 

 
Figure 4: Broad band check (by using road traffic noise), considering 7 minutes as measurement time 

period ï One third octave band sound pressure levels, in terms of Leq,10ô [dB]. 

 

Concerning noise measurements carried out with the electroacoustic speaker by using pink noise signal 

and a measurement time period extended up to 30 seconds, in general a difference of 0.5-1 dB(A) 

between the class I noise level meter and the smart system in terms of average LAeq,30s has been found 

by considering all the checked sensors. No significant differences have been encountered between 

sensors placed on poles and on the façades. 

An example is shown in Figure 5. 

 

 
Figure 5: Broad band check (by using an electroacoustic source and a pink noise signal), considering 30 

seconds as measurement time period ï Time history of sound pressure levels, in terms of LAeq,1s [dB(A)]. 

 

Also a comparison in terms of sound spectrum has been made for all sensors, an example is reported in 

Figure 6. 
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Figure 6: Broad band check (by using an electroacoustic source and a pink noise signal), considering 30 

seconds as measurement time period ï One third octave band sound pressure levels, in terms of Leq,30s 

[dB]. 

Full results are shown in Annex 22. 

 

 

4.3 Results about measurements to determine free field correction  

Concerning noise measurements to determine free field correction, they have been carried out by using 

road traffic noise as noise source and a measurement time period extended up to 1 hour. In Table 1 

results obtained in terms of average LAeq,1h to determine the free field correction are shown. 

 
 

Table 1: Free field correction obtained in terms of average LAeq,1h. 

 

 
*correction with respect of calibration signal is applied to noise levels determined for smart sensors. 

     

With the exception of sensor T0012, where difference of 4,5 dB occurred (due to the position of the 

smart sensor placed in a position where the traffic lines are partially masked by the pole) differences 

between 0 and 4 dB have been encountered. In particular, negative correction are expected and obtained 

at façade sensors due to the reflections of the wall. Full results are shown in Annex 23. 
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4.4 HARMONICA index calculation  

The HARMONICA index, developed in the frame of the Harmonica Project, has been evaluated also 

on the post-operam period (II semester 2018, I semester 2019, II semester 2019) according to the 

procedure made available at www.noiseineu.eu. In Tables 2-4 is possible to read the average hourly 

value of the HARMONICA index obtained for each sensor in each semester of the post-operam period. 

 
Table 2: Average hourly value of the HARMONICA index for each sensor ï II semester 2018. 

Day hour T0011 T0012 T0013 T0014 T0015 hb101 hb107 hb132 hb152 hb160 

1 2,2 3,1 3,0 5,4 7,9 4,6 5,6 2,5 4,9 2,8 

2 2,1 2,9 2,6 5,4 7,9 4,9 5,6 3,0 4,5 2,9 

3 2,1 3,0 2,5 6,2 7,9 5,6 5,6 3,9 4,3 3,3 

4 3,2 3,8 3,3 7,2 7,8 6,5 5,5 4,8 4,3 4,3 

5 3,7 4,8 4,7 7,8 7,6 6,8 5,5 5,3 4,5 5,4 

6 3,9 5,8 6,0 7,9 7,2 6,9 5,4 5,3 5,2 6,0 

7 4,0 6,1 6,6 7,8 6,9 6,9 5,2 5,3 5,7 6,1 

8 4,0 6,1 6,6 7,9 6,7 6,9 4,9 5,1 5,9 6,0 

9 3,9 6,1 6,5 7,8 6,3 6,9 4,4 5,3 5,9 6,1 

10 3,9 6,1 6,5 7,8 5,5 6,9 4,1 5,0 5,8 5,9 

11 3,7 6,0 6,4 7,8 4,7 6,9 4,1 5,1 5,8 5,9 

12 3,8 5,9 6,2 7,8 4,2 6,9 4,2 5,1 5,7 5,8 

13 3,8 5,9 6,2 7,8 4,4 6,9 4,2 5,1 5,7 5,9 

14 3,8 6,0 6,3 7,8 5,7 6,9 4,1 5,0 5,7 6,1 

15 3,7 6,2 6,4 7,8 6,9 6,8 3,9 5,0 5,7 6,2 

16 3,7 6,3 6,4 7,7 7,6 6,7 3,9 4,8 5,7 6,2 

17 3,8 6,3 6,5 7,7 7,9 6,7 4,4 4,6 5,7 6,1 

18 3,7 6,0 6,4 7,7 7,9 6,7 5,0 4,2 5,8 5,6 

19 3,6 5,4 5,9 7,7 7,9 6,6 5,4 3,9 5,8 5,0 

20 3,4 4,9 5,5 7,5 7,9 6,6 5,7 3,6 5,8 4,8 

21 3,4 4,7 5,0 7,2 8,0 6,5 5,7 3,1 5,7 4,6 

22 3,1 4,4 4,8 6,9 7,9 6,1 5,7 2,7 5,6 4,2 

23 2,8 3,9 4,3 6,5 7,7 5,6 5,6 2,4 5,5 3,7 

24 2,4 3,4 3,6 5,9 7,8 4,9 5,6 2,3 5,2 3,1 

 

Table 3: Average hourly value of the HARMONICA index for each sensor ï I semester 2019. 

Day hour T0011 T0012 T0013 T0014 T0015 hb101 hb107 hb132 hb152 hb160 

1 3,8 2,8 2,8 5,0 5,3 4,3 5,2 3,9 4,3 3,3 

2 3,8 2,7 2,7 4,5 6,2 4,3 5,1 4,3 4,3 3,2 

3 3,7 3,1 3,2 4,6 7,1 4,8 4,9 4,8 4,6 3,7 

4 3,6 3,6 4,0 5,4 7,7 5,4 4,8 4,9 4,9 4,3 

5 3,6 4,7 5,0 6,5 8,0 6,0 5,0 5,3 5,4 5,2 

6 3,6 5,6 6,0 7,0 8,2 6,3 5,1 5,2 5,8 5,7 

7 3,5 6,2 6,6 7,1 8,1 6,5 5,3 5,2 5,8 6,1 

8 3,4 6,2 6,6 7,1 8,2 6,5 5,4 5,4 5,7 6,2 

9 3,3 6,0 6,5 7,1 8,1 6,6 5,5 5,2 5,6 6,2 

10 3,2 6,0 6,5 7,1 8,1 6,6 5,4 5,2 5,6 6,2 

11 3,2 6,0 6,4 7,1 8,1 6,6 5,1 5,1 5,6 6,1 

12 3,3 6,0 6,3 7,1 8,2 6,5 4,9 5,0 5,6 6,1 

http://www.noiseineu.eu/
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13 3,2 5,9 6,3 7,2 8,2 6,6 4,7 5,1 5,6 6,1 

14 3,1 6,0 6,3 7,1 8,2 6,6 4,7 4,8 5,5 6,2 

15 3,1 6,1 6,4 7,1 8,2 6,6 5,0 4,5 5,5 6,3 

16 3,3 6,2 6,4 7,0 8,0 6,5 5,2 4,3 5,5 6,3 

17 3,4 6,2 6,3 7,0 7,8 6,6 5,3 3,9 5,6 6,2 

18 3,5 6,0 6,1 7,0 7,5 6,4 5,3 3,4 5,6 5,8 

19 3,7 5,6 5,7 7,0 7,2 6,4 5,0 3,0 5,5 5,4 

20 3,8 5,0 5,3 7,0 6,8 6,2 4,8 2,7 5,4 4,9 

21 3,8 4,7 4,8 6,8 6,2 6,1 4,8 2,8 5,2 4,6 

22 3,9 4,4 4,3 6,7 5,4 5,8 5,0 2,8 5,0 4,3 

23 3,8 3,9 3,8 6,4 4,6 5,4 5,1 3,2 4,7 3,8 

24 3,8 3,3 3,2 5,8 4,5 4,8 5,2 3,4 4,4 3,3 

 

Table 4: Average hourly value of the HARMONICA index for each sensor ï II semester 2019. 

Day hour T0011 T0012 T0013 T0014 T0015 hb101 hb107 hb132 hb152 hb160 

1 3,2 5,2 2,4 1,7 4,5 5,0 3,7 3,9 4,8 4,8 

2 3,2 5,3 2,2 1,7 4,3 5,6 4,2 4,3 4,9 5,3 

3 3,3 5,3 2,4 1,7 5,4 6,1 4,8 4,6 5,1 5,5 

4 3,3 5,4 3,5 1,8 6,8 6,4 5,3 5,1 5,4 5,7 

5 3,3 5,2 4,9 1,9 7,7 6,6 5,6 5,2 5,6 5,8 

6 3,4 5,0 6,0 1,9 8,1 6,7 5,7 5,2 5,7 5,9 

7 3,4 5,0 6,5 1,8 8,2 6,7 5,7 5,1 5,7 6,0 

8 3,4 4,8 6,4 1,7 8,2 6,8 5,6 5,3 5,7 5,8 

9 3,4 4,5 6,4 1,6 8,2 6,7 5,5 5,1 5,7 5,9 

10 3,4 4,0 6,3 1,6 8,2 6,8 5,4 5,0 5,7 6,0 

11 3,5 3,7 6,2 1,6 8,0 6,7 5,2 5,0 5,6 6,1 

12 3,6 3,6 6,1 1,6 8,0 6,6 5,3 5,0 5,6 6,2 

13 3,5 3,7 6,1 1,6 8,0 6,7 5,5 4,9 5,7 6,0 

14 3,4 4,4 6,1 1,6 8,1 6,6 5,5 4,6 5,6 5,6 

15 3,4 5,2 6,2 1,6 8,1 6,6 5,5 4,4 5,6 5,3 

16 3,3 6,0 6,1 1,6 8,2 6,6 5,5 4,2 5,6 5,0 

17 3,4 6,2 6,2 1,6 8,2 6,4 5,3 3,8 5,6 4,9 

18 3,4 6,1 5,9 1,5 8,0 6,4 5,1 3,5 5,4 4,7 

19 3,5 5,9 5,4 1,6 7,6 6,3 5,0 3,2 5,3 4,2 

20 3,5 5,7 5,0 1,7 7,2 6,0 4,9 2,8 5,0 3,6 

21 3,4 5,6 4,6 1,7 7,0 5,5 4,7 2,7 4,7 3,3 

22 3,4 5,5 4,4 1,7 6,7 4,9 4,3 2,7 4,5 3,1 

23 3,3 5,4 3,8 1,8 6,0 4,4 4,0 3,1 4,5 3,5 

24 3,3 5,2 3,0 1,8 5,2 4,4 3,6 3,4 4,6 4,1 

 

In Figure 7 values assumed by the Harmonica index in the different semester of the post-operam 

period are shown, with reference to the hb101 sensor. 
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Figure 7: Comparison of values assumed by the Harmonica index in the different semesters of the post-

operam period with reference to sensor hb101. 

 

From figure 7 it is possible to see that the values assumed by the Harmonica index show a slight 

decrease passing from the II semester of 2018 to the I semester of 2019 and this has possibly been 

influenced by the laying of the new asphalt. From the I to the II semester of 2019 mean values 

assumed by the Harmonica index are more or less constant in the central hours of the day, while 

they assume higher values in the first hours of the day and lower values in the last hours. 

 

Overall results are reported in Annex 20. 

5. Data related to period January ï March 2020 

Due to the spread of the COVID-19 pandemic, it has been deemed of interest to analyse also 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 ï 6.7 dB in terms of Lden has been envisaged by sensors located 

along Viale Libertà 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 Libertà.  

 

In figure 8 an overview of the noise levels reduction, expressed in terms of Lden, is provided for all the 

smart sensors. 
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Figure 8: Noise levels reduction (Lden) measured by each smart sensor between the second week of 

January 2020 and the third week of March 2020. 

 

In figures 9 and 10 the noise level trends measured respectively by a smart sensor placed in the facade 

of the civic centre on the main Libertà street (hb101) and by a sensor placed in a usually less busy area 

(hb160) in the considered trimester are shown. 

 

 
Figure 9: Weekly noise levels trends in the periods January ï March 2020 for sensor hb101. 



105 

 
 
LIFE15 ENV/IT/000586-LIFE MONZA                                                                                                                Deliverable Action B5 ï sub-action B5.1 

 
 

 

 

 
Figure 10: Weekly noise levels trends in the periods January ï March 2020 for sensor hb160. 

 

It is interesting to point put that in the city of Monza since 23rd February 2020, 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 professions are also suspended, with the exception of trainees and 

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 Centres have also been 

suspended. 

In fact, 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 Libertà than 

in those provided by other sensors. 

 

7. Considerations 
As a general remark regarding the broadband check, results allow to carry out a good analysis and 

verification on all frequency spectrum with respect to mono frequency calibrator, with similar 

differences obtained at the 1 kHz frequency. 

 

Moreover, an advantage of the broad band check is that it can be performed from the ground. 
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Comparing the different type of broad band checks, the technique based on electroacoustic system 

placed close to the sensor provides the best performance in terms of alignment with class I 

equipment. 

 

Moreover, starting from the weekly LAeq data it is possible to use them for mapping purposes, by 

applying two corrections: the first one is a ñtimeò correction according to the periodically obtained 

calibration values; the second one is a ñpositionò correction for which it is possible to use the LAeq 

due to broad band correction. 

 

Regarding the Harmonica index it is preferred not to apply corrections on it, since the index has a 

qualitative value and it will be a service provided with the App (Actions B4 and B5).  

 

The analysis of weekly LAeq data in the ante and in the post-operam periods will be a fundamental 

input for the development of the GI and SGI indicators (Action C1). 

 

Weekly LAeq data are used for testing the effectiveness of the new asphalt according to a data 

comparison in the ante and post-operam periods on Viale della Libertà. 

 

Some considerations about the hardware operation (characteristics ¼" and MEMs ½" electret 

measuring chains, replacements made, progressive/asymptotic sensitivity loss, proposed solutions) 

will be made as input for Action B6. 

 

8. Annexes 

 
Annex 17 ï Hourly data 

Referring to the post-operam period, for each smart sensor the LAeq, LA10 and LA90 parameters 

are hourly reported  

 

 

 

Annex 18 ï Daily data 

Referring to the post-operam period, for each smart sensor the LAeq_day (6:00-20:00), 

LAeq_evening (20:00-22:00), LAeq_diurno (6:00-22:00), LAeq_notturno (22:00-6:00) parameters 

are daily reported, starting from hourly data. 

 

 

Annex 19 ï Weekly data 

Referring to the post-operam period, for each smart sensor the LAeq_day (6:00-20:00), 

LAeq_evening (20:00-22:00), LAeq_diurno (6:00-22:00), LAeq_notturno (22:00-6:00) parameters 

are weekly reported, starting from daily data. 

 

Annex 20 ï Harmonica Index 

Referring to the post-operam period, for each smart sensor, values assumed by the Harmonica Index 

are hourly reported. 

 

Annex 21 ï Calibration values  

Calibration values (1 KHz) measured in different monitoring campaigns for each smart sensor are 

reported. 
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Annex 22 ï Broad band check 

In Annex 6a the time history in terms of LAeq,1s of sound pressure levels measured in the same 

time periods by the smart sensors and the class I system is reported. In Annex 6b the one third octave 

band sound pressure levels measured in the same time periods by the smart sensors and the class I 

system are reported. 

 

Annex 23 ï Position correction 

Measurements to determine free field correction in order to evaluate the correction necessary to 

move from the sensor position to a similar free field position are reported.   

 

Annex 24 ï Weekly data related to first trimester 2020 

Referring to the period January ï March 2020, for each smart sensor the LAeq_day (6:00-20:00), 

LAeq_evening (20:00-22:00), LAeq_diurno (6:00-22:00), LAeq_notturno (22:00-6:00) parameters 

are weekly reported, starting from daily data. 
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3.2.1 Third  monitoring campaign ï January 2019 

In this chapter is presented the analysis of the post-operam sound level monitoring campaign that had 

held in January 2019 (exactly from Monday 21st to Tuesday 29th January). 

 

In particular, this note reports the results of the phonometric monitoring campaign and the traffic flows 

collected in some road axis falling within the pilot area. 

 

Have been taking into consideration: 

 

- the data collected with a long-term monitoring campaign and, specifically, by counting weekly 

traffic flows in 2 positions with control unit with automatic radar traffic counting system showing the 

division into light and heavy vehicles;  

- the data collected with a short-term SPOT monitoring campaign, and specifically, by time -based 

counting of short-term traffic flows (1 hours) in 10 positions. 

 

Monitoring has carried out in correspondence with the receivers defined in the table 1. 

 

Table 21 ï Monitoring scenarios January 2019 

ID position  Type of monitori ng Toponym 

P01 Long-term (weekly) Viale Libertà ï Centro Civico 

P02 Long-term (weekly) Via A. Modigliani - Scuola 

S01 Short-term (Spot) Viale Libertà ï Centro Civico 

S02 Short-term (Spot) Viale Libertà n. 93 

S03 Short-term (Spot) Via della Gallarana 

S04 Short-term (Spot) Via della Guerrina n. 31 

S05 Short-term (Spot) Via A. Modigliani - Scuola 

S06 Short-term (Spot) Via Parmenide ï Asilo nido 

S07 Short-term (Spot) Via Giuseppe Impastato 

S08 Short-term (Spot) Via della Guerrina ï Liceo Porta 

S09 Short-term (Spot) Viale Libertà ï Istituto Mapelli 

S10 Short-term (Spot) Via Correggio Allegri 

 

The next figure shows the planimetric location of the phonometric monitoring stations, traffic flows  

(contextual to the phonometric ones), of the traffic counter radar units for the monitoring of noise 

pollution in the pilot area. 
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Figure 3 ï Monitoring positions 

 

The following figure shows instead the road axis object of monitoring so better defined: 

 

- In red colour the arcs object to weekly traffic count; 

- in violet colour the arcs object to the SPOT traffic count (time slot);  

- in cyan colour the arcs into the pilot area non object of monitoring, for those an attribution have been 

proposed;  

- in grey colour all the arcs out of the pilot area. 
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Figure 4 ï Road arcs object of monitoring 

 

ü Measurement systems 

For the measurements the following measurement systems were used: 

 

SYSTEM NO.1 

¶ PRECISION INTEGRATOR PHONOMETER 01dB type BLUE SOLO S.N. 60982, 

complying with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 

¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER 01dB type PRE21 

S.N. 13936, complying with the regulations EN61094-1/94 EN61094-2/93 EN61094-3/93 

EN61094-4/95 IEC 651 class 1 (imp.) e IEC 804. 

 

SYSTEM NO.2 

¶ PRECISION INTEGRATOR PHONOMETER BRUEL & KJÆR type 2250 S.N. 3004064, 

complying with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 

¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER BRUEL & KJÆR 

type 4189 S.N. 2877086, complying with the regulations EN61094-1/94 EN61094-2/93 

EN61094-3/93 EN61094-4/95 IEC 651 class 1 (imp.) and IEC 804. 

 

SYSTEM NO.3 

¶ PRECISION INTEGRATOR PHONOMETER BRUEL & KJÆR type 2250 S.N. 3004065, 

complying with the regulations IEC 651 ï EN 60651 class 1 and IEC 804 ï EN 60804; 
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¶ PRECISION MICROPHONE WITH PREPOLARIZED CONDENSER BRUEL & KJÆR 

type 4189 S.N. 2876907, complying with the regulations EN61094-1/94 EN61094-2/93 

EN61094-3/93 EN61094-4/95 IEC 651 class 1 (imp.) and IEC 804. 

 

 

ACOUSTIC CALIBRATOR 

¶ BRUEL & KJÆR type 4231 S.N. 2713443, class 1 according to the standard IEC 942:1988, 

sound power level produced: 94 dB a 1000Hz. 

 

For the memorization and the processing of the data was made use of the dedicated Software: 

¶ Basic sound analysis software BRUEL & KJÆR BZ 5503; 

¶ Noise Evaluator BRUEL & KJÆR 7820 v. 4.16.8; 

¶ dB Trait 5.5. 

 

The technical data of automatic traffic flow detection systems (radar systems) are reported below: 

¶ Traffic monitoring device VIACOUNT II ï VIA Traffic Controlling GmbH s.n. 

11VZZ0018. 

¶ Traffic monitoring device VIACOUNT II ï VIA Traffic Controlling GmbH s.n. 

13VZZ0257.  

¶ Traffic monitoring device VIACOUNT II ï VIA Traffic Controlling GmbH s.n. 

14VZZ0067. 

 

For the memorization and the processing of the data was made use of the dedicated Software: 

ViaGraph vers. 4.00.09. 
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ü Measurement positions (phonometric monitor ing) 

The main information and the photographic contributes of the measurement positions used for the 

phonometric monitoring are shown below. 

Table 22 - Positions of phonometric monitoring 

Measurement 

station 
Description Photo 

P01 

Address: Civic Center in Viale Libertà 

Height from the ground level: 6.00 m 

Distance from the road axis: 38 m 

 

P02 

Address: Nursery School ñA. Modiglianiò 

Height from the ground level: 6.00 m 

Distance from the road axis: 15 m 

 

S01 

Address: Civic Center in Viale Libertà 

Height from the ground level: 4.00 m 

Distance from the road axis: 23 m 
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Measurement 

station 
Description Photo 

S02 

Address: Viale Libertà no. 93 

Height from the ground level: 4.50 m 

Distance from the road axis: 6 m 

 

S03 

Address: Via della Gallarana 

Height from the ground level: 4.00 m 

Distance from the road axis: 5 m 

 

S04 

Address: Via della Guerrina no. 31 

Height from the ground level: 4.00 m 

Distance from the road axis: 7.50 m 

n.d. 

S05 

Address: Nursery School Modigliani entryway 

Height from the ground level: 4.00 m 

Distance from the road axis: 15 m 
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Measurement 

station 
Description Photo 

S06 

Address: Via Parmenide, at Private Nursery 

ñCuore Immacolato di Mariaò 

Height from the ground level: 4.00 m 

Distance from the road axis: 6.50 m 

 

S07 

Address: Via Giuseppe Impastato 

Height from the ground level: 4.00 m 

Distance from the road axis: 4 m 

 

S08 

Address: Via della Guerrina, next to Liceo ñPortaò 

Height from the ground level: 4.00 m 

Distance from the road axis: 28 m 

 


