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1. Introduction

LIFE MONZ A project

The introduction of Low Emission Zonagrban aresisubject to road traffic restrictions in order to
ensure compliance with the air pollutants limit values, set by the European Directive on ambient air
quality (2008/50/EC)is acommon and welestablished action in the administrative government of
the cities and the impacts on air quality improvement are widely analyhetdeaghe effects and
benefits concerning the noise have not been addressed in a comprehensive manner.

Currently, noise isa major environmental health problem in Europe soal traffic is the most
dominant sourcef environmental noisaith an estimated 125 milliopeoplé affected by noise
levels greater than 55 dBid:.

At this time, there is a lack of a comprehensivd ertegratecadministrationprocess about LEZs.

The definition, the criteria for analysis and thanagementethods of a Noise Low Emission
Zone are not clearly expressed and shared yet.

LIFE MONZA project (Methodologies fOr Noise low emission Zones odtiction And
managemerkt LIFE15 ENV/ IT/000586) addresses these issues. The first objective of the goject

to introduce an easgplicable methodand related guidelinedor the identification and the
management of thBoise Low Emission Zonean urba area subject to traffic restrictions, whose
impacts and benefits regarding noise issues will be analyzed and tested in the pilot area of the city
of Monza, located in North Italy.

The second objective regards spedifip-down measuresadopted by the umicipality and able to

turn up the area in a permanent Noise LEDNncerning traffic managementroad paving
substitution and introduction of two pedestrian crossifidgne third objective is to reduce the
average noise levels in tpdot area ofLibertadistrict, with positivecomplementargffects also on

the air quality and benefits avellbeing conditions of inhabitants.

The fourth objective is to involvpeoplein an active management systemaofmore sustainable
lifestyle choicegbottomup measuresrelated to the reduction of noise and the improvement of air
quality and wellbeing conditionsjn their living andworking environmentln order to encourage

the local community involvement and to strengthen the dialogue between citizens and public
bodies, many activities wilbe carried oytasmeetings in primary and high schaois orderto

raise awareness aboubise effectsand alsoideas contestfor Noise LEZ picture and logo and
guestionnaires on quality ofife and noise perceptiotA mobile app to manage voluntary and
sustainable actions and to measure benefits and concrete changes in people Wiksbde
developed.

In order to contribute to the implementation of the European directives, avoiding duplications and
overlaps, detection of ¢hsynergies existing between the issues related to noise pollution and air
quality will betested during the project.

The methodology will contribute to the implementation of theBitéctive 2002/49/EC, related to

the assessment and management of envieotal noise (Environmental Noise Directiv&ND),

which introducesnoise action plans designed to manage noise issues and effect, including noise
reduction if necessary

The ENDdoes not provide a definition of LEZ in relation to nagswl it is not cosidered as action

to take into account in noise action plan drafting. Annex V of the Diredfliemum requirements

for action plans suggests some examples of actions that competent authorities should taken into
account, as traffic planning and lande planning and those issues are involved in Noise LEZ
introduction and managementrofect results, defining criteria for Noise LEZ introduction and
management, and related guidelimél] contribute to increase the types of actions to carrjoon
noiseadion plans set out in Annex V of theil@ctive.

! Noise in Europe 2014. EEA RepoNo 10/2014 European Environment Agency
2 Lden: dayeveningnight Level
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Action Al T Operational context for Noise Low Emission Zones (LEZ) detection and
management

Action Al is structured in five subctions and itforeseesa stateof-the-art review about the
legislative and tedfical requirements on noide€eZ as well as the most tp-date noise and air
guality monitoring systemsncluding a scientific review on the suitable health indicatorsttoe#
effects due to noise and air pollutiand the analysis of the state of the atbout possible
interventions into LEZ areas atitkir effects a air quality, noise and health.

The beneficiary responsible for the implementation of the action is ISPRAaction is divided in

5 subactions, each one coordinated by one associateditiangf

Al.1 Legal and Environmental framework for Noise LEZ introductiMONZA

Al.2 Operational context: Noise Monitoring SysteniSPRA

A1.3 Operational context: Air Quality Monitoring SysterSPRA

Al.4 Operational context: Health indicaterdNIFI

Al1l.5 Operational context: interventions and expected effects on air quality, noise andi health
VIENROSE

The deliverable provided by the actiddl is an Abacus on operational context on Noise Low
Emission Zongestructured irfive sections devoted tine following topics legal and environmental
framework for noise LEZ introduction; operational contexdise monitoring systempperational
context: air quality monitoring system; operational context: health indicaipesational context:
interventions and expected effects on air quality, noise and health.

Sub-action A1.2- Operational context: Noise Monitoring Systems

Subaction Al.2 requires an update of the most advanced noise smart monitoring solutions,
discussedn this report.LIFE MONZA project providesa noise monitoringphaseplanned in pilot
area,in whichthe activities will be carriedutreferring to the standard methods, using sound level
meters of class | precision, and also by developing and using a smaadbwonitoring system.

The prototype system for smart monitoring activity of noise will #eveloped Action B.3
Prototype of monitoring system for Noise LEZ desigtata analysis techniques definitjoand
implemented, in order to be used as a continuous monitoring unit iexttente and ex post
scenariosA state of art abousmart lowcost noise monitoring systems, in order update the
information on noise monitoring methods aondsupport the realization of the prototypes been
carriedout by ISPRAand presented in thdocumentwhile the University of Florence will take
care of the design of the system and VIE En.Ro.Se. will validate the network.

Noise pollution isa growing concernSome of the key messagesNiise in Europe 2014 Report
highlights thatenvironmentahoise causes at least. DD0 casesf premature death in Europe each
yearandalmost 20 million adults are annoyed anflidher 8 million suffer sleep disturbance due

to environmental noise. Also, over 9000 cases of hypertension are causecetwyironnental

noise each year antbise cause 43000 hospitaladmissions in Europe per yedihe directive
2002/49/EC, related to the assessment and management of environmentaEnvisenmental
Noise Directivei END) focuses onthe assessmendf people exposd to environmental noise
drafting strategic noise mapsn preventing and reducing environmental noise where necessary and
preserving acoustic quality where it is goaddrawing up action planson ensuring public
information on environmental noise ansl é@ffects

Regarding the noise assessmdimere is the need to compare data of noise strategic maps, but the
lack of a common assessmemtethodcauses significant inconsistenciasnoise exposure data of
different Member States and between the two implatation steps of the directivEuropean
Commission has organizetie Common Mise aSSessment methOd8oject (CNOSSOSEU),
defining assessmenhethodsfor road, railway aircraft and industrial noisén order toallow the
comparability of results aces EU Member State#\pplication of the CNOSSOS methodill be

® http://ec.ewopa.eu/environment/noise/directive_en.htm
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mandatoryfor 2022 reporting roundNoise is caused by a large amount of sources and there are
many standardization methods able to assess noise impacts, shared at international levekdnd appli
in national legislationsinternational and national standards provide requirements, specifications,
guidelines and technical reports, able to ensure reliability and quality of the rdamdimical
specificationsof noise monitoring systems and themparability of the results areurrent and
interesting issues

At EU level, FONOMOC", the FOcus group On NOise MOnitoring Citjeaims to exchange
knowledge and experiences on noise monitoring in citliesa subgroup of Working Group Noise
EUROCITIES the network of major European citiéthe Group works on identification of critical
points in noise assessment activities and on developments and innovations of monitoring systems.
Sometopicsdiscussedn meetingsare related to systesiior noise sourceglentification,reaktime
monitoring and mapping of environmental ngiseise sensometwork, use ofsmartphones with
annoyance applicationsneasuvements by sartphonesequipped with a lowcost MEMS (Micro
ElectroMechanical Systemshicrophone

The tralitional method of environmental noise monitoring employs long and short measurements
time periods, using expensive equipment for measurements and data management, while new noise
monitoring methods, able to permit lower costgg time measuremenénd qiality output data,

have been developed.

Recent developments of leeost microphones and computing devices, together with the
availability of web resources, give the opportunity to create noise measurement devices networks,
defining afi s ma r-tostkoodv mo ni t or i pwhichahpvp beernapgdiied particularly in
urban context, allowingparticularlyat local scale, an acoustic characterization of urban areas.
Safeguarding the traditional standards of techniques and methadslatory by laws for nags
monitoring activitiesthe smart monitoring systemequipped with lowcost sensorsseem to be
competitive, in some situations and under defined conditions.

Urban areas, as Nois&Zs, should be the correct scale g@nsors networks applications dd&E
MONZA project, providingnoise monitoringactivities in pilot area conducting by traditional
method and also by a prototypesohart lowcost monitoringsystem which will be developed, will

give a contribute, analyzing the efficiency of the monitospgtem and allowing data comparison.

This reportfocuseson analysisof smart lowcost noise monitoring systems experiences and
procedurescarried outin Europe in order to allow updated information for tkhefinition of the
operational context relatdde noise monitoring issue and also to give ad/ficethe development

of the prototypeof monitoring system for Noise LE@rovided by Action B.3 of LIFE MONZA
project.Data sheets containing th@in information covered by the discussed topic are regpant

the deliverablédAbacuson operational context on Noise Low Emission Zone

* https://workinggroupnoise.com/fonomoc/
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2. Operational context: Sandard Noise Monitoring Systems

This report focuses omnalysisof smart lowcost noise monitoring systems experiences and
proceduresput, firstly, a brief description ofthe main characteristics related standard noise
monitoring systemss following described.

The need of measurements in the field of environmental noise has led to develop a technical
standardization upodevices,usualy employed in monitoring systems too, whose architecture
depends on the kind of source under investigation as welieasneasurement time requested.
Generally, two types of noise monitoring are considered:

- Shorttime measurements (spot), by means of ddewel meters;

- Longterm monitoring, carried out with fixed station consisting of cabinet, power supply and
sound level meter.

The microphone is the transdudkattransforms the mechanical pressure into electrical signals. In
the field of metrology, carenser microphones are commonly used: these devices are based on the
voltage variation at the terminals of a capacitor hawing of thetwo armaturs fixed and the other

is constituted by the microphone membrane itself, both provided with a certain avhainairge
electricity. Being constarthe charge, the variations of the distance between the plates due to the
vibration of the membrane cause a variationthe electricalvoltageacross the capacitor. Tise-

called felectret microphonésis provided wih a dielectric material keem inside the electrical
charge and therefore the microphone does not need to be powered.

The basic characteristics of a microphone are the following:

- sensitivity: electric voltage in mV generated by 1 Pa sound pressure level;

- dynamic: the difference between the maximum sound pressure level and equivalent level of
background noise;

- sensitivity variation with frequency (bandwidth);

- sensitivity variation with the angle of incidence: there are microphonesghavlinear
frequencyresponse in free field conditions anthers withthe samecharacteristicor
diffused field conditions.

The sound level meters allow prodessthe electricsignak generated by the microphone, in order
to obtain the numerical values the typical des@ptors used in the field oenvironmental noise.
The sound level meters basically work as follows:

frequencyweighting

calculation of the Root Mean Square (RMS) value;

time weighting of the RMS value by meansasfe of theexponential time constant€.
Fast, Slow, Impulse)

- time average RMS value for the calculation of the equivalent sopressurdevel Leq
Nowadays, in the field of sound level meter specifications, the most technical important reference is
given by standardlEC 61672 that providesolerance limits for the frequency response of the
devices, seffenerated noise and linearity.

Two main classes of precision instrumeisd related sets of specifications, are defined

- Class I: maximum linearity error of +1.1 dB for around 1 kHz and liogarating range
shall be at least 60 dB and linear amplitude deviations shall not exceed 0,6 dB.

- Class Il: maximum linearity error of £1.4 dB for around 1 kHz and linear operating range
shall be at least 60 dB and linear amplitude deviations shall needx0,8 dB.

Class | (Precisioninust be employed for accurate sound measurements in laboratoiry fegid,
while Class Il (General Purpose) could be used for general measurements in field.




LIFE15ENV/IT/000586LIFE MONZA Subaction A1.2 Operatonal context: Noise Manitaring Systems

3. Operational context: Smart Low-Cost Noise Monitoring Systems
experiencesand procedures

The increasing availability of low cost computing devices, microphones and wireless connectivity
allows the capability to define a system able to detect, analyze and streaming noise data, giving the
possibility to develop diffemt kinds of systems, having smart and-lmygt characteristics.

Smart lowcost noise monitoring systemallow a widespread and continuoosise monitoring,
defining, in an adequate territorial scale, as urban areas, a network able to ensure a hygh qualit
output measurement data.

It is possible to classify the systems according to different characteristics, as network typology, data
transmission proceduremjyicrophonesgetc. There aresensor networksnicrocontroller based, as

many of the common noise méwming systems complaint to Class | IEC 61&f@ndardand, also,

there are networks embedded pc basedsising of low cost mini pc, equipped with a sound
board, with WiFi capabilities (0itGPRS/3G/4( and a signal analysis software able to process dat
from the sound data, using low casicrophone as MEMS.

Focusng on types of microphonesand their development during the years, becontiigh
performing andavailable at low cost it 6s pos s i b lprepolarized condemseari d e r
microphonesdledret microphone) which have beerdevelopedsincel1960 § andMEMS (Micro
ElectreoMechanical Systemsjicrophonesintroducedat the beginning of the year 200Both are
accessibleas lowcost productioa and they could beappliedaccording to standard IEG61672
requirements i n Cl ass | or Cl aechnicdlspecificadie®lberedsistill got on d
a wide employmendf MEMS in outdoor measurementsarticularlyfor their lack of stabilityover

the time,due tothe deteriorativeeffects ofweather conditionsThere is a growing interegbwards

these kinds of devices since MEMS performance seems to be competitive compared to
microphones used in Class | instruments, under certain condigspsciallyfor very low noise
levels.Sensorscharaterized bymore and better featur@se continuously developingvhereaghe

old onesbecaneobsoletan avery short period

Experiencesabout smart lowcost noise monitoring systesncarried out in Europ&re following
presented, focusing on procedyreshnical characteristics, microphones specifications, pilot areas
where the system has been implemented, noise indicators used and results.

A brief mention is dedicated tparticipatory monitoring projec related tothe collection and
sharing of datajn order toallow the public participation and to increase the awareness about
environmental issues.

3.1DREAMSys

DREAMSys’ (Distributed Remote Environmental Array & Monitoring System) is a project to
develop a new environmental noise monitg systemand mapping usingew kind ofsensorsilt is

a project involving research and technology organizations, manufacturers and environmental noise
experts sponsored by the Technology Strategy Boardusinestsed executive nowepartmental

public body, established by thBritish Government, in ordeto support research aridchnology
innovation for UK economic growth and quality of lifemprovement The system has been
developed by an industrial grdied by NPL(National Physical Laboratofy

In order to give a contribution to the implementatiookctive 2002/49/ECparticularly omoise
mapping processan array of lowcost environmental noise monitoring unitssing wireless

S http://projects.npl.co.uk/dreamsys/
® QinetiQ Ltd, Hoare Lea Acoustics and Castle Group Ltd.
" http://www.npl.co.uk/
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transmission of measured ddtas been developed and test®tbnitoring datacan be used for
noisemapping, using bespoke developed softwArkey point of the process is tlhiseof low cost
MEMS microphones(Micro-ElectracMechanical Systems which allow a large number of
monitoring stationsworking simultaneously The considerable growthof portable electronic
consumer products such as mobile phones and notebook computstisbéeted thelevelopment

of MEMS microphonesn the lastyears The system may be used for strategic noise mapping,
action planning, enviranental &ad workplaces noise assessments, permitting a -sddk
distributed measuremenihe projectstarted in 200And conclude in 2010,developeda system
which has been tested in laboratory and in situ measurements.

DREAMSys projectdevelo high performance microphones suitable to carry out precise noise
measurement data in every weather conditions and powgresthargeable battery packs in order
to runfor more than two weeks

The specifications for MEMS microphones ate®wnin the followingtable such as theninimum
detectéle sound pressure leveloustic frequency range and dynamic range.

The most importanttargets are minimunaetectable sound pressure lesyetonsidering tha#O
dB(A) level is seen as being workable and 20 dB{&)onsdered theideal value the acoustic
frequency range from 20Hz to 20kHz aheé dynamic range of 70 dB. i$ alsoconsidered ideab
have a temperature measurement of better tha@.1

Table 1: MEMS microphonesspecifications for use in DREAMSys environemtal noise
measurement sensor nodseurce(4]

MEMS microphones specification
Acoustic dynamic range 70 dB
Minimum detectable sound pressure 40 dB(A) could be workable
level 30 dB(A) would be useful
20 dB(A) would be ideal
Maximum detectable soundgssure 110 dB(A)
level
Acoustic frequency range 20 Hz to 20 kHz
Mechanical membrane resonant > 30 kHz
frequency
On-chip temperature measurement <l°C
accuracy
Operating voltage 3.3V
Operating current few mA
Analogue voltage range a 1 Vv
Size of PCBassembly 10mm <x <10 mm
Shape of PCB Optimizedto avoid diffraction effects

The outputs of the project are theoguction of MEMS microphone with measurement grade
specifications, suitable for outdoor ysthe development of alarge wireless sensoarray
(DREAMSys) and analysis softwar¢he application of system in different locations and the
development of best practice guidance

The prototype and the architecture of the system are shown in the follfogvines
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L4 Hydrophobic wind shield conceals MEMS microphone

housing desit to be minimally perturbing.
It also contains electronics with A- and C-
weighting filters. It calculates and stores Laeq, Lceq, Lmex
and a three programmable percentile levels

Main unit includes GSM modem and batteries
for at least 15 days operation.
It is lockable and rated to IP66

Tripod allows for stand-alone mounting. Ground
anchors or sand-bags can be used to secure units
in place. The system also allows for a range of
other mounting options.

LR SQL querles
s Data Management

Figures 1-2. On the left prototypeand on the right, theystem architectureSource]5]

Characteristics about typical statistical distributions of the pressure response sensitivities of the 100
microphone samplebave been analyzed, and also the effects of windshield, teet eff stem
diameter, self noise and temperature have been tested.

At the aims to assess tlgstributed measurement approach, four test sites have been identified and
DREAMSys method applied with the results following reported.

The site at NPL(National Rhysical Laboratory,Teddington, UK)was the first case study to
evaluate the performance of the new equipment. Sewmérs have been deployemhvestigating
mounting configurations, calibration and monitoring of reliabiliycomparison between industry
standard equipment based on type 1 sound level meter and DREAMSys monitoring system has

been also madeThe following Figure 3-4 showtwo mounting optionsgeployedat NPL, on left,
andWraysbury Reservaiton right

Figures 3-47 On the left DREAMSysmeasurements instrumestigployed at the NPL sind, on
the right,measurements instrumenteumting solutions at Wraysbury Reserv@ource]6]

The area is characterized by the presence of different kind of sources: part of thdosisded

close to a busy roadther are neaa park and sports fields and itiis the takeoff flight path of
Heathrow airportAnother location iSNraysbury ReservoifStaines, UK, characterized byoise
featuresa high degree of exposure to weathmesencef wildlife. The Figure4 displaya solution

for the installations usedlhe site is close to Heathrow airport and a major motoniwéne
monitoring system considered 6 units deployed at Wraysbury for a period of 3 weeks in June 2009.
Distributed noisemeasurements at Festival Squeré&dinburghwerealsocarried out to study the
relationship between sound perception and the physical level of noise. The monitoring campaign
considered some units integrated into the surroundings (e.g. mounted in bustitsctued to
railings and other fixtures), while a small number of others mounted on tripods in open area. The
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reasons for this choice wet@ cover the area of the squaredalso totest thepeople reaction to the
equipment, that was generally positive.

Measurements were carried out over 3 consecutive days in October 2009, with the instrumentation
being renoved from the square overnight, consisting of 8 ufitsound the boundas and two in

the squareThe fourth area wasSilvertown Quaysno public &cess aredocatedin the direct take

off path of London City airporand, aspite this, thareais selectedor residential developmerit.

is also close to th Docklands Light Railwgya major roadwith the presence of commercial
activities.Using thetripod arrangemen89 units have been deployatithe area.

The noise indicators used by Dreamsys units are betteighted and @veighted equivalent
continuoussound pressure levels dg Laeg), Overa predefined temporal period df0 minutesas
typical setting Also, a number of statistical paramefeas the maximum Aveighted level and
three percentile levels fho; Laso, Lago). The typical measurement system is composed by 5 to 100
units. The output data of the monitoring campaigns carried obeidifferent sites have been used
for noise maps of the areas and the resfitsthe Wraysbury Reservajrare consistent with the
predictions, ensuring an adequate long measurement period. Also conskiieratgpwn Quays
area, despite the presence dfadent and important noise sources, data of units located near the
aircraft flight path are consistent with predictions.

Further tests and measurements have been carried out during the mjedtex this, the research

on low cost noise monitoringetwork, based oMEMS applicationswas continuedparticularly by

NPL, and mainly on the evaluation of the performance, on the assessment of stability and on the
development of a setfalibrating microphone system.

3.2 Smart Monitoring networks - Ghent University

The research Group Wavkéwireless, acoustics, environment and expert systemsphefnt
University, is working on smart monitoring networks and its competences are focused on the
following activities: @plication of models for machine listeningcaauditory cognition into smart
sound meters andcoustic sensor networksleployment of drgescale networks of sound
monitoring stationsn Ghent, AntwerpBrussels, Rotterdam and Parn®bile sound measurements
combining GPS data allow to map largezas with fine spatial resolutiodevelopment oflynamic

noise mappindechniquesMany research projeshave been undertaken and a spihcompany

for the development of sant sensor network solution hdgencreated Noise smart monitoring
systems a& employed for noise measurements, allowing the calculation of the main noise
parameters, for soundscape analysis, dound recognition, for source localization, fooise
mapping, in fixed andlso dynamiconfiguration.

A smart sound monitoringroject has been carried out ime Rotterdamharbor zongin 2013
focused on sound everdetection and characterizatioh.measurement campaign usithg noise

smart measurement devices has bstanted, jointly with an online survey on sound events and
sleep wgality. Low-cost computing devices and microphones, jointly with wireless transmission,
allow the possibility to use a large number of monitoring stationse deployed in urban area
defining a well structured and dense netwatile to give more detaigbout the noise sources and
events Also, the acoustic characterization of the local area allows a more effective identification of
the noise policy to be undertakehhe project carried out in Rotterdam aims to stadyeffective
combination of objectiveneasures and subjective perception, expressed by people in an online
survey, in order to detect sound events and to estimate the impact dreinglland health. The
area 1,18 knf is located in Rotterdam harbor zone, with abo0@ inhabitantsFocuse on
monitoring approach adopted, it was based ®rosteffective sensor nodes, placed on the facades

8 http://www.wica.intec.ugent.be/
® http://asasense.com/
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of the buildings on voluntary basisSensor nodesare composed o& single board computer,
equipped with a CF card, a sound card, an ethernet card rmraaphone, inside a weatherproof

box. Sensor nodes could be adopted and used by inhabitants of th€reregnsor nodes goug-
and-measurethat is the device is directly connected to the internet and the sensor has no buttons
nor display (Figure 5)f plugged in, the sensors nose start and continue to measure 1/3 octave band
levels, with a temporal resolution of 125 ms. The levedse sent to the server infrastructuia

Ghent, to be processed. Sensors have also the possibility to record amnait tsdnmst audio
contributions and to save data internally. Data were processed and managed and the results stored ir
a warehouse database (Figure 6).

( O/)\@ Server

Infrastructure Multi-Agent
‘ o System
Management
Sensor node <™ Server
S = 5
B9) g

Sensor node

Figures 5-6. On the left, asensor node, placed on a windowsill of a buildangl, orthe right, the
scheme of the smart sound monitoring sensor network architeStuee10]

The acoustic parameters, calculated on a 15 minutes basisa&r® hkines and the standard
deviation of the level, percentile leve(Eago, Laso, Laio, Laoi), the number of sound events,
indicators for the temporal sigcture of the sound, psychoacoustic indicatoradih@ss, sharpness),
spectral indicators as the centre of gravity of the averageidte spectrum, the presence of tonal
components and aggreg indicators. Sound recognition process is also developed and Tésted.
indicators My and My, count the number of times that thewkighted instantaneous sound level
exceeds the threshold values of, respectively, 60 dB(A) and 70 dB(A), whereaditihaégomN,,

counts the number of times that themighted instantaneous sound level exceeds with at

least 3 dB for at least, 3 seconds, in order to detect sound events from background level.

The longterm distributed approach, using 12 sensor naalésvsanalyzingthe area, continuously

and in real time conditions, giving the opportunity to investigate in detail the acoustic
characterization of the arda. Table 2 the sensors nodéschnicalspecification$’ are summarized.

The research groulpasalsodeveloped an approach for dynamic noise mapping relies on a sound
source emission and propagation modeinethod for calculating dynamic noise maps using fixed
and mobile sound measurements has been developed andTast@ttreasing availabilitgf low-

cost devices has led to the use of distributed sound measurement networks that can be applied to
create dynamic redaime noise mapping, in order to validate the accuracy of traditional monitoring
systems. Moreover, acoustic sensoesworksallow to improve the spatial and temporal accuracy

of the calculations. Both fixed and mobile sound measurements extend the spatial resolution of
noise mapping, as mobile ones allow to complete the study area allowing a better characterization
of the spatial distbution of the sound sources.

19B. De Coensel, D. Botteldooren. Smart sound monitoring for sound event detection and characterization. In
Proceedings of the 43rd International Congress and Exposition on Noise Control Engifietiidpise), Melbourne,
Australia (2014).
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Table 2:Sensors nodes technical specificatiddesed on information available ob]

Sensorsnodestechnical specifications

Short/long term noise measurement long term noise measurement
Embedded pc monitoring systétnits with embedded pc monitoring system
microcontroller and digital signal processor

Temporal resolution 125 ms

Acoustic indicators LAeq,15 minutes,LAQOa Laso, Laio, LA01; the number

of sound events (B4, M7o, Ncr indicators for
the temporal struote of the sound
psychoacoustic indicators (loudness, sharpng
spectral indicators as the centre of gravity of
average 18ninute spectrum, the presence
tonal components and aggregate indicators.

Spectral data 1/3 octave
Others
Weatherproof weatherproofbox
Connectivity connected to internet- plug-andmeasure
approach
Possibility of audio recording fragments of audio recording
Pilot area of implementation
Urban/suburban urban
Territorial scales 1,18 knf
Number of gnsor nodes 12

3.3SENSEable Pisa

In order to promote citizens' participation in noise policy as requestdtliopean directive
202/49/EC in the city of Pisamexperimentamonitoringsystem for n@e mapping was created,
called SENSEable Pisa. It has been launchedroygrofit organization calle®ustLab

The pilot project aims at developing a sensor network prototype in Pisa, baBealohime City
concept, for the collection and analysis of data to be used in urban planning processes.
SENSEable Pisa started in Jarpu2011and he system uses low cost wirelga®totypenoise
sensorspased on a reuse of electraniof the old personal computearsstalled in the house of
citizens(Figure7), with the aim of sharingoise measuresa a virtual community.

| o3 |
T - NP AT * ‘

Figures 7-8. On the left,Zighee transmitter with a solar panel and @rophone installed on a

balcony(2011) Source:[12]; On the rightmicrophone of a monitoring station for anthropic noise

assessmengource14]
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Noise levelsmeasured irbuilding facadeareshownin real time in the websitéof the projeciand

also on Facebook and Twitter social netwottisinform participants and the followers of the

project whilstall historical noise data are collected in a central remote server.

Eight sensorsvere installed at housed volunteer citizens to registeoise indifferent areas of

Pisa and send thdata to thecentral serverA first new aspect of the projedtas consistedf an

application of asensor network technologg order to provide relidb low cost measurements in

real time, with high spatial sampling and without any need for widagthe resulting monitoring

systemhas gotsuperiorcharacteristicen comparison witttconventional monitoring stations.

It is possible to install more semsdor the detection of physical agents on the same transmission

platform and alsodetect dataregardingdifferent pollutants.The system structured in thigay

allows to:

- verify noise emissions from temporary events (project sites, shows, etc.);

- evaluatethe longterm effects related to the adoption of new noise redudgohnologies
(electric cars, soundbsorbing asphalt and facades, etc.);

- real time monitoring of sensitive receptors (schools, hospitals);

- timely act on noise issues from the competeffi@ities.

Moreover the system allows to involvatizens bothusing social networks as a tool for

dissemination of the projecand gathering feedback and comments on critical issues relating to

noise in the cityeven forthe positioning of the of wirets detection station. This desigrethod

calledcrowdsourcingcould give a contribution to the implementatiortioé Directive2002/49/EC,

related to the assessment and management of environmental abdé,the requirement

concerning the participatioand thenvolvement of citizenso the noise action plan process.

Currently,about the technical characteristitse devices are based on micro contraiéshnology

and the data recordedle senby wireless transmission systénfigBeed transmissiorprotocol) to

a remote server and collectietlo a database.

The sound is measured byiteh low cost microphonesyith awaterproof cover and connected to

a preamplifier circuit with analog filter bank.

The system has a dynamic range of 70 dB (A); the tegumeasurement range has been used to

work in an optimized manner between 30 dB (A) and 100 dB (A).

The system acquires the sound levels in dB(A) on a time basis of one second. The moragly ave

Leq levels were calculateahddatadue to theoccasionakound events, rain and wiagle removed

Weather information was acquired byweather station, based on five minutes peri@nsors

nodes characteristics are reported in Table 3.

Meannoise values respectively bfien and Laign: indicators related tane months of June and July

andat thepreviously identified locations ameportedin Table4. The values were compared with

those of strategic mapping of Pisa

Table 3:Sensorsiodes characteristicsaBed on information available &ource: [12]

Sensos nodes characteristics

Dynamic range 70 dB (A)
Time basis acquisition 1 sec
Microphone Yrinch low cost microphones
Wireless transmission system NZi gBeeO transmissio
Digital filters Low-high-band pass, Aonderation
Event detection Yes
Indicators (equivalent level) LAeg. Lden, Lnight
Others: waterproof cover

weather data based on five minutes periods

1 http://www.senseable. it/
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The table 4 showisow thedatafrom SENSEable Pisa (columnSénse) arefully comparable with

data ofthe strategic noise mapping of théyqgiublished on the website of SIRB&olumns"Sira"),

the regional institutional information platform of noise mapping data. The differences are due to the
morphology or to anthropic noisé the urban areas.

Table4. SENSEable Pisautpu data.Day andNight mean noise levels for the first five sensors
during the months of June and July 2@tid comparison with data tfe strategic noise mapping
of the city ublished on the website of SIR&ource]12]

Sensor Lden Lden Lnight Lnight
Sense Sira Sense Sira

1 70.2 70.1 62.2 61.3

2 64.8 66.1 56.6 56.1

3 65.6 65.9 57.7 56.1

4 68.8 65.8 60.8 56.8

5 79.7 60.5 74.1 51.0

SENSEable Pisas a tool complying with theEnvironmental Noise Directive 2002/49/EC
requirements, allowinglata acquisitionin real time and high spatial resolutioand providing
publicinvolvement.

Subsequentlythe SENSEableetwork has been applied in a study on evaluation of anthropic noise
effects on health citizeng historical entre of Pisa. Homogeneous acoustic urban lhagasbeen

i denti fied and six stations have been | ocated

3.4 LIFE DYNAMAP project

DYNAMAP (Developing of low cost sensors networks for real time noise mgpigireg LIFE+
project aimed at deeloping a dynamic noise mable torepresent in real timéhe noiseimpact of
road infrastructure. The main objective isfagilitate andreduce the cost dhe updates ofoise
maps, as required by the European Directive 2002/49¥&@rder to achieve this purposan
automatic monitoringsystem, based ohigh-quality and low-cost sensors and a software tool
implemented on a general purpose GIS platform, will be developedpieédin two pilot areas
locatedat the large ring roadf Romeandin the agglomeration d¥lilan. The project isstarted in
2014 and it will be concluded in 2019.

Further objectives of the project ardated to thelemonstratiorthat thedynamic mappingprocess

is able to ensura significant reduction in the resoascneeded to update noise mapsini@, costs
and dedicated personneto the improvement of public information, providing different system
access levels and al$o the availability to provideadditional informationabout meteorological
conditions and other environmental topics, as air quality.

DYNAMA P system will be tested in two pilot areams examples ofonesbelonging toan
agglomeration and to a major road infrastructa®defined by END The first pilot area is a
significant part of the city of Milan, located in North of Italy, including matomplex urban
scenarios, and the second pilot afemures 9,10 is located in Rome, along the ring road A90, a
major road surrounding the roman agglomeration.
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Figures 9-10. On the left, dot area in Rome, along the ring road A®d citical areas highlighted
in differentcolors On the right, pilot area in Milan and outcomes of the selection process.
Source]15]

The system will be composely low-cost sensors measuring the sound pressure levels emitted by
the noise sources and of atsaire tool based on a GIS platform for réale noise maps updating.

A method for the identification cinomalous noise othénan traffic noise (ANED) will bealso
developed.

The functional schemégFigure 11) consists ofmonitoring stations detecting theoise levelsand
hosting the ANED algorithm, able to remove anomalous evditis. stations will provide a
classified output with a time frequency of one second. Data will be sent to a central s&ngr,
wireless data communication as GPRS or 88heanalyzed, processed and used for noise maps.

Figures 11-12. On the left,Fundional scheme of DYNAMAP systenOn the right,a low cost
measuring devicased for noise monitoring campaigource]15]

Environmental noise monitoring campaighave been anducted in May 2015 in pilot areas,
implementing two demonstrative versions of systems, in order to acgpiesentative data about
traffic conditions and to test ANED algorithm. The measures have been carried out using a low cost
sensor desloped by Bluewave (Figure 1and a standard Class | sound level meter (Bruel & Kjaer
2250), with the intention of validat the output data of low cost sensor.

The pototype of the sensors network uses embedded computersjngllosmoe accessfor

running proper audio processing scripts and also, they permit to process data on sensor board, using
the ANED algorithm, sending to the central serveleced in advanceand most accurate
information.

A set ofbasicspecificationfor monitoring statiorhasbeen defined and reported in TableNoise
monitoring stations will be subjected to a periodic calibration, analyzing the changes of frequency
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response during the years. It is also provided to periodically store the minimum narrow band
spectrum, referredto day period, in order to assess the values, and their changes in time, of the
electrical noise level of the measuricigain

Table5. Set of basicgecifications for monitoring statien Sources: [15-18-19

Basic specifications for monitoring statiors

Broadband linearity range 40-100 dB(A)

Working range 35115 dB

Noise indicator Leq(A), 1 second time base
Others Possibility of audio recording

Internal circular backup data storage of
calculated data
VPN connection
GPRS/3G/WiFi connection

Focusing on the lowcost sensors, an evaluation of least microphones performags over time

has been developedithin the frame of the projecin order to detect markers ableitalicatethe
measuring chain specifications whidho ncéntply with the stadard IEC 61672The purpose was

to analyze the changes that took place following exposure to physical and chemical agents that may
be encountered in urban and suburban conditiims testhas beermarried out measuring electrical

floor noise distributiorand frequency response in differértrdstress conditionsnside a salt spray
chamberpsinga set of four Knowles MEMS and four Panasaiactré microphones

The results show that MEMS microphones have a better stability to salt Afterythe artifcial

aging process, MEMS frequency response does not present relevant changes. Only a microphone
presers 0.3 of difference in high frequency range. The electret microphpresents offsets
belongng to 0.25dB (for low-frequency region) 0.75 dB (formost of the spectrum) range.

3.5 Barcelona Noise Monitoring Network

Over the past few years Barcelona has been working hard to be one of the smartest cities in the
world and is promoting the use of innovative solutions to manage its services and sesource
Il mprove its citizensod quality of |ife.

The municipality startedo build up a noise monitoring network of Class | sound level maters
2006 and, in order to increase the number of measuring pai2312 started to use noise sensors.
One of the Sma City projects is the strategic deploymenSeaitilg a sensoidata management and

a platform that allows the city to becomsemart, efficientand to improve the environmental
sustainability. Sentilo system is designed to create a link among sensorsatact and the
applications to manage urban servid@atcebna Noise Monitoringhetwork is made up of a main
network of class | sound level meters and a complementary sound sensors nebheomtwork
(Figure 13) is structured intawo independent netwks thatcommunicaten different level: main
and complementamgoise controhetworks. The main difference betwedhemis the quality of the
measures in terms oharacteristics and costs and the final uses are also different.
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MAIN NETWORK

COMPLEMENTARY NETWORK

o wam
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Figure13. Noise monibring network basic structur8ource]22]

The main networkonsists ofClass | 25 noise monitorsin fixed and mobile measuring poingd
will have 31 in the futureThe main objectives of theetwork areo estimatenoiselevels incritical
areasto evaluatethe noise reduction due to the implementation@m$eaction plansto update the
noise magand toidentify noise source§ he noise monitors technical characteristicsraported in
the following Table®6.

Table6. Main network:Class | noig instrumentgechnical characteristicSource [22]

Class | noise instruments technical characteristics

Type approval CEI-61672 Class | certification
Integration time 1 second
Acoustic indicators LAeq; LCeq; LZeq; LAleq;
LAFMA X;
1/3 octave spectrum;
10 HzT 20kHz
Tolerance CEI-61672 Class |
Measure range 23-137 dB(A)

Calibration and verification Verification of the calibration
of the sensor must be able to
undertaken in situ using an
acoustic calibrator which fulfillg
the requisites establisti@nder
IEC 60942

Others Weatherproof

19h battery (charging time:5 h]
3G connetvity
Audio recording

The development of theomplementargound sensor network started2@12. Soundgensors were
installed in twoconstruction work areas and the quabfythe measures of two kinds of leveost
sensors wasested,with not positive resultsin 2014 he Noise Control Department defined the
minimum technical specificationsf the sound sensor§able 7) and a control systemable to
validate the quality ofite soundneasurementsefore the installation of theensors in urban areas
has been carried out.
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Table7. Minimum sound sensors technical characterissiource: [22]

Minimum characteristics of sound sensors

Type approval

Integration time 1-15 minutes
Acoustic indicators LAeq
Tolerance LAeq £2 dB(A)
Measure range 40-100dB(A)

Calibration and verification

Verification of the calibration

of the sensor must be able to |
undertaken in situ using an
acoustic calibrator which fulfillg
the requisite established undel
IEC 60942

Weatherproof

LAN/3G connectivity

Others

The aim of this lowcost monitoring networkinitially formed by 11 sensorand integrated in
Sentilo platform, is to increase thenumber of measuring pointsy order totake over tk
environmental noise changes.

Concerning the ata transmissigriwo different protocols one for the main Class | sound level
meters network and the other for the loast complementary networkave been designed

About the main networkniorder to uny the data management as well send information, all the
providers uses the same template file (.csv) created bydise Department of the Barcelo@ity
Council The datahave been storen a daily basisin an FTPserver andare loaded in the
COGNOS system (Figure 14). The user cannput extradata to the system bthe DataEntry
platform
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APLICATIONS

2el [+
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EEEEEE

[(DaraT XN AND DATA PROCESS |
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Figures 14-15. On the left, nse monitors data transmissidor the mai'h' nétWor.kOn the righ,
Sentilostructure Source{22]

The complementarysoundsensors networks a part of the City SensorbBletwork which uses
Sentiloas the platformable to link sensors and actuators @aadmanageurban application and
services (kure 15). Sentilois a tool designedor cities that want to control théeployment 6
sensors and actuators ircantralized and common wayhe platform is open source and has no
licensingcosts.

Barcdona, in order to manage noise issues, uses two diffeepotting interfacestBM Cognos
Query Studipused to make detailed data alysis and acorporative platforncalled Situation
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Room used to obtain an overaliew of the city status in real time (Figufg) as well asto
integrateand share information about the city andsisvices.

e
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Figure16. Management and reporting irfece Source22]

Cognos Query Studiallows the analysis of data coming from both noise monitoring netsytinie
main with Class | monitors and the complementary with sound sensorsSiitaion Room
platform permitsonly the managementath of the soad sensors, but it also consents to link these
data with information from other sources, allowing real time recognition.

3.7 Low-cost noise monitoring system based on smartphone deviceRegional
Environmental Agency of Piedmont.

Many studies regardhe wse of smartphone, equipped with adequate instruments, as noise
measurements tagland there many mobile applications abl@allow noise measureemts through
smartphong The results ofthe comparison between smartposound measurement applicaion
andClass | sound level meters have been detected by diffisgtusing various types of devices
and analyzing the accuracy of output daany studiessuggesthat the use of certain application
could be suitable and appropriate for noise measurent@tiswing the experiences carried out by
theRegional Environmental Agency of Piedmaiout these issues are reported.

The Regional Environmental Agency of Piedmoantorder to study thaccuracy of environmental
noise measurements using smartphone amavestigate the possibility of using legost devices,

has carried outwo different types otests, comparing output datd five different smartphones
(Android and iOS) and a Class | sound level metieran anechoic room, arzhrrying out, for

more tkan three months, a long term environmental noise monitoring, using a smarthphone and a
Class I sound level meter.

Then, a prototypal lowcost noise monitoring system based on smartphone devicebekas
developed and appliedin collaboration withthe Municipality of Turin in San Salvario area, in
order to assess noise level causedbyidaphenomenon.

Considering the tests, the first one has been carrieith @t anechoic roontomparingoutputdata

of different five smartphonésand appsrelative tothe response to white noise at different sound
pressure levelsThe noise meters developdshsedon Android are provided with the free
applicationNoise Metef’ available on Google Play.

12 samsung @chat GB5330 (Android v.4.0.4)Samsung Advance GIBO70P (Android v.2.3.6HTC Desire 601
(Android v.4.4.2) iPhone 4S (iOS v.8.2); iPhone 5S (i0S v.8.1.3
¥ Version 2.8.1
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The technical characteristics distedas following:
- sampling fregency adjustable: 8000, 11025, 22050, 44100, 48000 Hz;
- 1 dB steps gain, in the rangt0 - +40 dB;
- integration period from 1 sec to 10 minutes;
- events detection;
- digital filters: low-high-band pass, Aonderation;
- data capture: peak, minimum, maximum,larietic average, energetic average (equivalent level).

Data can be saved in a text file and fleguency spectrum canndde developedThe onsale app
Noise Immission Analyzdor i0S* was usedbut currently, it is no more availablé is not
possibleto save noise data in a text file nor to measure frequency levels.
The characteristi¢3are listed as following:

- sampling frequency: 44100 Hz;

- calibration with a known signal;

- digital filters: A-B-C-linear ponderation, fast, slow;

- data capture: minimum, reenum, energetic average (equivalent level);
- audio file record up to 20 seconds.

The laboratory test was conducted comparing the response to white noise, at different values of
SPL, by the smartphonesd a Class 1 sound level meter and using differeatopinones, the
internal microphone of the smartphones, the original headphone microphones and a MicW
microphone, plugged into the smartphonkes Figure 17 the results obtained using the internal
microphone of the smartphori&sThe results show equal respes of data coming from the five
different smartphones, in the range&®dB(A), with differences of-3 dB. The iOS phones result

is under 1 dB difference up to 110 dB(A). Figi&showsthe results using the original headphone
microphone®’. In the range 6080 dB(A) the responses are quite edoakll the devices, ania the

40-85 range there isdeviationof 2-3 dB) for the iOSand the Samsung Advance. In FigaBzhe

results using a MicW microphotfe plugged into the smartphoneBhe iOS show good resullts,
compared to the output data using professional Class | sound level meter, in thedtahte

dB(A), while HTC phone for the range-83.0 dB(A)".
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Figures 17-18-19. On the left, comparisoresults, usinghe internal microphone of smationes;
the central figure shows the results uding original headphones of the smartpho@gsthe right,
comparison using the MicW microphone plugged into the smartph8Sonesce]23]

B8
B8 &8

4 developed by WaveScape Technologies Gretithb://www.wavescapeechnologies.con/
Sversion 2.0.1

% The phones were calibrated at 70 dB(A); the gain ofAtdroid devices was set at 10 dB for the HTC, 9 dB for the
Samsung Advance and 6 dB for the Samsung @chat.

" The gain of the Android phones was set at 47 dB for the HTC, 14 dB for the Samsung Advance and 15 dB for the
Samsung @chat.

181436 Omni Mic model(http://www.micw.com/)
¥ The gain of the HTC was set at 45,5 dB. The test was not made for the Samsung phones
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