inter.noise 2014

MELBOURNE AUSTRALIA
16-19 NOVEMBER

>

Are noise events from surface transport predictable? Insights from a
wide measurement campaign

Arnaud CAN; Gwenaél GUILLAUME; Benoit GAUVREAU
' LUNAM Université, IFSTTAR, AME, LAE, Centre de Nag CS 4 Route de Bouaye F-44341 Bouguenais,

France

ABSTRACT

The negative effect of road traffic noise eventsammoyance is now established. However, the
assessment and monitoring of road traffic noiseaiarmainly based on energetic indicators, which
are easy to handle but mask noise dynamic strucReeent developments in dynamic road traffic
modelling, and in urban sensor networks, suggeat thtroducing noise events in urban noise
management is possible. This however raises dtatisjuestions: although their inherent random
origin (very noisy cars, sirens, etc.) make themdhapredictable, noise events are probably site
dependent.

In this paper, we rely on a measurement campaigriechout in Toulouse (France), made of 20
1lh-measurement periods covering both day and rigte slots, to question some statistical matters
relative to road traffic noise events. Firstly, sogeneral reflections concerning candidate indisato
for describing noise events are given, in line wittad traffic noise dynamics. Then, a statistical
method is proposed, which selects the frequencg$aninterest, and then defines a set of indicator
relevant to describe the urban soundscape of teeisiterms of noise events. Finally, some inssght
about the predictability of noise events are deddcem the spatial distributions of the selectetafe
indicators.
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1. INTRODUCTION

There is a consensus that noise events negatiwgdadt urban soundscapes (sleep disturbance,
activity interference, annoyance, etc.). Howeverd traffic impact assessment and monitoring
remain mainly focused on energetic indicators, Wwhice easy to handle but mask the noise dynamic
structure (1). Recent developments in dynamic rtraffic modelling (2,3), and in urban sensor
networks (4), suggest the possibility to introdut@se events in urban noise management, and
advocate for the development of dedicated indicator order to evaluate and reduce their impact.
Such indicators should: (i) capture the charactiessof noise dynamics that are correlated to sound
agreement and annoyance; (ii) have a statistidadier such as they can be measured or even better
estimated.

Many event indicators have been developed in teedacades, in order to evaluate the effects of
aircraft noise (5). However, their use might be adapted to the urban road traffic context, whigh i
characterized by a more pronounced dynamics. M@edw urban area noise peaks are caused to
numerous sound sources; consequently they highty beth in duration and intensity. Thus,
proposing adapted indicators to capture urban toeffic noise events is crucial.

In addition, the assessment of urban road traffise events opens statistical questions. On the one
hand, their random nature (sirens, noisy cars),attakes them in theory unpredictable. On the other
hand, noise events are certainly dependent orottedibn (e.g. more probable in a busy street than i
a quiet side).

In this paper, we rely on a measurement campaigquestion some aspects of road traffic noise
events statistics and estimation. The measurenampaign consisted of 20 1h-mobile measurements
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carried out at different moments of three conserutiays, following a predefined tour, in the cify o
Toulouse, in France. Section 2 gives several gditiesaand reflections about noise events in the
urban road traffic context. In Section 3, a stadatmethod is proposed, which aims at selecting a
relevant set of noise event indicators, able tadbe the noise environment in terms of noise event
Section 4 investigates the spatial distribution #redpredictability of these indicators. Finallgion

5 concludes on some practical issues.

2. METHODS

2.1 General considerations about noise events

Urban soundscapes have a very pronounced dynaascdown in (6). They are characterized by
numerous noise events, which vary in both amplitaié duration. Noise events are generally defined
as parts of the sound pressure level time seriehwie sound pressure level exceeds a given thicesho
continually during a given duration. The Figure dpitts the known problematic of sound events
capture through specific indicators. Firstly, th®ice in the threshold value is crucial to defirgése
events. Depending on the value of the threshold| depending on the duration of consecutive
emergences retained to define peaks, one givent easnbe counted as a peak or not. Moreover, the
period during which the threshold is calculatedaiso of importance, since events are appreciated
relatively to the background noise. The Figure Kayws that considering a fixed (e.g. 75dB) or an
adaptive threshold (e.g.abo + 10 dB), shapes the definition of noise eventslekd, adaptive
thresholds allow accounting for the fact that aegiwvnoise event can be heard as a peak when the
background noise is low (e.g. at 10 pm), and ngtr@are when it is higher (e.g. at 8 am). At a lower
temporal scale, the Figure 1(b) shows that, invibmity of a road traffic intersection, one givement
can be considered as a peak if it occurs whenr#ffid light is red and thus noise levels are land
not anymore if it occurs 30s later when the traffignal is green and thus noise levels are higher.
Finally, it is important to distinguish between thember of events and the duration of events, liy fu
describe the structure of noise emergences of barusite.
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Figure 1 — What is a noise event?

2.2 Possible noise event indicators
The combination of these clue parameters leads huge number of candidate indicators, to
describe urban noise events and capture theirtsffec
- The maximum sound pressure level.). calculated in this study with= 1 s;
- The statistical level {, which represents the noise level (usually 1 s) exceeded X% of the
observation period (7);
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- The cumulative time (in percent) when thg éxceeds the threshold ,lnamed the Mask Index,
expressed as M, ,, which can be calculated with a fixed thresholg=Y. dB) or an adaptive
threshold (e.g. l=Ly+v). This indicator takes the same value regardleegduration of events
(e.g. 2 events of 5s each or 1 event of 10s);

- The number of events that exceed, duringpnsecutive secondg ¢an take for example the
values 1 s, 3 s, or 5 s), a given threshojddxpressed as NNE.,, with a fixed threshold
(L,=Y dB) or an adaptive threshold (e.g,"L4.y). This indicator takes the same value
regardless the duration of the events (e.g. 2 evehb s each or 2 events of 10 s each);

- All these indicators can be calculated for each dé¢gave band, and for global A-weighted
levels.

In this paper, we rely on the mobile measuremempzign described in the next section, to
propose a statistical analysis that selects theemretevant indicators, among this large set of
indicators, for describing the noise environmenteirms of noise events. The method that has already
been proposed in (8) to reduce the number of indisaequired to characterize sound environments,
is adapted to the noise events context.

2.3 Experimentation

A mobile measurement campaign was conducted dutinge consecutive days, from Tuesday
28/01/2014 to Thursday 30/01/2014, in ToulousenEea Geo-referenced mobile noise measurements
were collected over soundwalks, during 20 1h-peviocalvering different periods of both day and night.
Each soundwalk followed the same predefined roditebout 2.5 km long, during which 9 stops at
predefined points, each of about 2mn30s, were ddheing these stops, the 1s-evolution of
A-weighted sound pressure levels, and the 1s-eiiudf the 31 1/% octave bands from 20 Hz to 20
kHz, were measured with the DUO Smart Noise Monftom 01dB-Metravib®. The sound level
meter was carried in a backpack, so that as itsidinectionality was ensured. The sound level meter
was calibrated before each soundwalk using a S@alibrator Type 4231 from Briel & Kjeer®.

The site, displayed in Figure 2, has been seldoteids high landscape spatial contrasts. The North
of the site is residential and made up of calmetravith individual houses gRnd R). The center of
the site is also residential, but made of 4-stdrejdings (R) to 12-storey buildings @. The South
West of the site is crossed by the highway A620psehhabitat is protected by a noise barrigr B,
and R). The East of the site is crossed by a noisy sttamed “route de Seysse”’;(Bnd B).

Figure 2 — Experimental site and experimental get-u

2.4 Noise event indicators calculation

For each soundwalk, the data samples collectedett ébcation are used to calculate the set of
noise events indicators. A first selection is apglbased on the threshold, to only keep data tteat a
statistically relevant. Indeed, a threshold so hiwt its level would never be exceeded cannotdeelu
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for a statistical analysis. In the same way, aghoéd so low that its level would be exceeded lzd! t
time would not define events anymore. Moreoverelasn the consideration upon peaks of noise of
Section 2.2, it is decided to focus on adaptiveesholds, which are less site dependent than fixed
thresholds.

As a result, the 13 following indicators are cafted for each of the 1/3 octave bands, as webias f
the A-weighted levels: hax Li, Ls, Lio, Mlisiso+10, Mlsisoras, Mlsisor2o NNEis 15150410,
NNE;s, 1>150+15 NNEis L>150+20 NNEss 1>150+10 NNEzs, 1 >150+15 NNEss (>Ls50+10. NOte that this initial set
of indicators is linked to the experimental datdlexted in this study and could vary from one
measurement campaign to another. Further extenwowulifferent periods and sites will help
globalizing the conclusions of this article.

The noise samples collected at each of the 9 paimdsfor each soundwalk are gathered, in order to
enlarge the size of the samples. Samples colldmdgdeen 6:00 and 22:00 are gathered to form the
sample g, (15 periods, and 163s of measure for each locatioaverage, thus approximately 41 mn
of data for each point). Samples collected betw2200 and 06:00 are gathered to form the sample
Shight (5 periods, and 115s of measure for each locatioaverage, thus approximately 10 mn of data
for each point). &y and Sign: are gathered into$(20 periods, and 156s of measure for each location
on average, thus approximately 52 mn of data fohgmint). The values calculated for each of the 13
indicators are averaged over these periods, to@ecindicator value at each point, fQ&y Shign: and
Sai.

3. SELECTION OF RELEVANT PEAK INDICATORS

3.1 Selection of relevant frequency bands

A first statistical analysis is carried out, in erdto reduce the high number of frequency bands.
Indeed, except in some specific cases (e.g. if fmoeises on tonal emergences), enlarging the
frequency bands might be relevant to reduce thebmurof noise event indicators (13 x 27 if all tH8 1
octave bands were conserved). This assumption ppasted by the high correlations calculated
between the sound pressure evolutions at diffetéhbctave band frequencies.

In order to reduce the number of frequency banis, dorrelation matrix of size 27 x 27 is
calculated, between thieqvalues, withf varying between 20 Hz to 8 kHz, for all periodsdan
locations. One assumes that the highly correlat8ddtave bands contain redundant information and
can thus be merged into one larger frequency band.

An agglomerative hierarchical cluster tree is apghlio the 27 ;indicators, using the Ward method.
The algorithm begins with;,q = 27 single-member groups, and merges two grotupsaeh step, until
all data are in a single group afteyy - 1 steps. The criterion for choosing which pdimgooups to
merge at each step is that, among all possible wayserging two groups, the pair to be merged is
chosen that minimizes the sum of squared distabhetween the points and the centroids of their
respective groups, summed over the resulting groups

As expected, the clustering procedure merges neigfrequency bands, since they are the most
correlated. The procedure ends with 3 groups, whidls the noise spectrum in three. The first group
contains the 1/3 octave bands from 20 Hz to 125add, will be named LF further (for low frequency).
The second group contains the 1/3 octave bands $&0mHz to 2 kHz, and will be named MF further
(for medium frequency). The third group containes 143 octave bands from 2.5 kHz to 8 kHz, and will
be named HF further (for high frequency).

3.2 Selection of relevant noise event indicators

Although the number of frequency bands has beencmdl in the previous section, the remaining
indicators remains too numerous to support decisiaking. Indeed, the previous procedure reduced
the number of indicators to 13 x 4 (global A, LFFMHF) = 52 indicators.

Despite the large variety in duration and intensityhe noise events that are described in Section
2.1, high correlations are observed between soméhes$e indicators, because they sometimes
correspond to the same events (for example, orengivent that exceeds thgsb.1omight also exceed
the Laso+15). Thus, it seems relevant to reduce once moradi@ber of indicators through a clustering
analysis.

An agglomerative hierarchical cluster tree is apglio the 52 indicators, using the Ward method.
Its result is depicted in Figure 3. The dendrogsdraws that this is relevant to keep 3 or 5 indicato
to describe the sound environment in terms of neismnts distribution.
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Figure 3 — Number of sound event indicators reduadbiased on a clustering analysis; each indicator i

calculated for the 9 locations and 20 periods

The clustering clearly distinguishes the energ#titicators (group Ill) from the event indicators
(group I and group Il). The subdivision into thrgups separates the groups | and Il. The group Il
contains the “low frequency events” indicators anel “intense events” indicators (e.g. Mlaso+20)-

The group | contains the “high frequency eventslitators (NNEs > HFs0+19, and the “moderately
intense events” indicators (e.g. Mlaso+10). The groups | and Il are both divided into twdgtoups
to form 5 groups:

- The group | is made up of the groups la and Ib. giteaip la contains the high frequency events
and the NNEs >.+10 The group Ib contains the “moderately intensenés’eindicators, in
medium frequencies and in global A-levels. Notet thés is not surprising to find in the same
group MF and global A indicators, since the mairntpaf the spectrum energy is in the
mid-frequencies.

- The group Il is made up of the groups lla and Tlhe group Ilb gathers all the event indicators
in the low frequencies, making it clear that thesents are not correlated to the other
indicators. The group lla contains the “intensergg®indicators, in the mid-frequencies or in
global A.

Finally, the correlations within each of the thmp@ups are analyzed to keéapfine three noise
events indicators only. The selected one is thécatdr of the group that has the highest averaged
correlation with the other members of the groupteNitat, in the case when correlations are really
close from each other, one takes the liberty toslkedhe indicator that seems the easiest to h4tidie
is the less complex or the most common one), withénones that give the highest scores. In practice
we choose the final indicator between the indicaitbat are at less than 0.05 from the highest geera
correlation.

The following three indicators are selected by phecedure:

- Group I: Ml>pas0+10

- Group II: Mlsi Fs0+15

- Group llI: Lag

It is expected that this set of indicators chardzés physically the sound environment of the sfte
experimentation, in terms of sound events distidnut since it highlights the main information
contained in events.
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4. DESCRIPTION OF THE SITE IN TERMS OF NOISE EVENTS

The three indicators selected by the procedurealailated at each of the 9 locations and for each
period. Their mean values calculated over all thequs are depicted in Figure 4, in addition to the
Laso value. In complement, the Figure 5 describes taitkethe emergences at each of the 9 locations.
Each subplot represents the noise event occurreficasumber per minute), as a function of the
threshold (laso+x) and the duration of consecutive emergences allmedhreshold needed for the
noise event to be counted as a peak. The Figuriebsca complete description of the noise events
structure, but it is too complicated to be représdron a map or to be used for decision making.
However, it can serve to evaluate the relevancthefdescription of the noise event distribution in
space given by the three selected indicators.
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Figure 4 — Noise map of the three noise event &idis selected and of thgsb, including both day and night

periods.
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The selected set of indicators allows a refineccdption of the sound environment of the site, and

discriminates the nine locations in terms of naisents:

- The point Ris rather calm (seeako), but it is marked by many noise events, whichdue to
human activities. Indeed, the point is located iooarrtyard surrounded by buildings, which
contains a playground. As a result the MAso+10 is quite high (nearly 10% of the time above
theLaso+10);

- The point B is the noisiest location of the site, as revehésliysg value. Sound variations are
low, since noise is mainly due to constant flovited highway A620, from which the location is
protected by a noise barrier of poor quality. Asesult, both the ML as0+10 and the
MI -1 Fs0+15 are very low. The low number of noise events isfocned by the Figure 5: even
with a very short duration of threshold (e.g. 2agd a very low threshold (e.gade+s), the
number of noise events occurrences remains very low

- Although the point P is almost as noisy as the poini Bee the hso value), their sound
environments are very different. Indeed, noiseations are higher agPhan in B, because the
main sound sources at this location are the coumtiioh of both the highway and the “route de
Seysse”. Noise variations are increased by the tfeadt the point is located close to a traffic
signal, which alternates between red and greengshass a result, also because of numerous
buses pass-byes, thgilis very high. However, the M as0+10and the M. rso+15 remain low,
although they are a bit higher thap Rctually, the Figure 3 reveals that the noiserggare of
low intensity (mainly below hso+10). The 3 selected indicators permit distinguishting point
P; from the points with more intense noise eventslisas R);

- The point Ris protected from the highway by a 4-storey buitdias a consequence it has both
lower noise levels and lower noise variations tiRaror P; (see laso and La; values). This
shielded position makes rare the noise eventsetkeded the hso+10, despite a low hsp value
favorable to emergences. However, some strong mwigets in low frequencies are highlighted
by the ML, r+15; they are certainly due to local traffic, thawishicles evolving at slow speed
or parking in the street;

- The point Ris located at the corner of the 4-storey buildingntioned above, thus it is less
shielded, what explains the highegsk and Li; values, in comparison with,PIts higher
median levels compared to the pointeXplains the lower number of noise events thatrgme
(see the Mls r+15 and the Ml r+15 values compared to,?

- The point Ris located in the middle of a courtyard surrounbtgdigh buildings, thus its noise
environment is similar to the one observed atHbwever, these two points differ in terms of
noise events. Lis characterized by fewer events than Because it has no human activity.
However, the strong emergences in low frequenadiesigher, and could be due to local traffic.
Indeed, local traffic was made of vehicles startamgl evolving at very slow speed, whereas P
was a no traffic zone;

- The point Bis located on the “route de Seysse”, as the pointbBt a bit further from the
highway, what explains its similarak but lower Laso values. The high A; value at these two
points might be due to buses pass-byes, as forHBwever, noise environment at B
characterized by more pronounced emergences tharhis is explained by the local activity.
Indeed, there are two active local shops at thistda kebab restaurant and a hair salon), which
generate a high human activity: talks, car parlang starting, etc. This activity increases the
MI > as0+10 @and the Misp rso+15 values;

- The point Ris located in a low traffic residential streetidtthus characterized by low sound
levels (see hso). However, compared to the other points with samioise levels (e.g..Rnd
Pe), its number of noise events is very high. Thesmnés are due to local traffic, which is made
of single vehicles that pass by at their free spmetigenerate contrasted high levels compared
to the low background noise. These emergenceseuietéd in Figure 5 too, which reveals that
there are both numerous brief (e.g. t = 2 s) amd I@.g. t = 8 s) emergences. Since the traffic
intensity is wealk, this traffic impacts noise evéerdicators but it has no impact on thgsé,
distinguishing this location from the other calmesn

The point Bis located in a very calm street, with almost radfic. Thus, the lispand La; values
observed at fare unsurprisingly the lowest in the site. Moremas it is in a residential street
of low density, human noises are also quite ragafesult, noise event indicators are also low,
and this location is the calmest one in the site.
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5. DISCUSSION

The aim of this paper is to select noise indicatdrte to describe the noise environment in terms of
noise events, and give first insights about thegdpctability. The study relies on a measurement
campaign, which consisted of 20 1h mobile measundsia the city of Toulouse, in France. About 50
mn of data were collected at 9 locations, whicliedtiin terms of both exposure to noise sourcedf{tra
human activity) and land use. A statistical anayaiows reducing to three the number of indicators
the final set of indicators being constituted o thh,, the Ml aso+10 (time during which the Aeq,1s
exceeds the Aso+10 dB), and the ML gs0+15(time during which the Lgsg 1s€xceeds the leso+15 dB,
with L r the sound pressure level averaged between 20HA2HdHz).

The set of three indicators proposed allows a ctesecrimination between the 9 locations, and a
relevant description of the noise environmentsimms of sound events. This discrimination between
the locations, which is underlined by the indicatocan be explained by the differences in the
functionality of the location: human activity, Iddaaffic, distance to the highway, etc. Moreoviig
information contained in the restrained set of tadors is validated by a refined descriptor of pois
events, which characterize both the duration ardrtensity of the noise events.

This tends to prove that the values of the noisneindicators are coherent and significant of the
sound environment, despite the relatively low nundfeaneasurements achieved in this study. This is
a good signal towards the use of sound event inglisdo discriminate noise environments in terms of
sound events, and describe them in details, intexidio the classical energetic indicators suckhas
Laso. This also tends to prove that, since their vate coherent, their estimation is possible.

However, investigating in details the predictalyilif these indicators cannot be fully achieved
based on this experiment, which is restrained tedldays of measurements only. It will be necessary
to extend the measurement campaign, in order tmeléhe size of the samples needed to estimate
accurately these indicators.

Finally, this set of indicators has been proposaskld on solely physical considerations. It hasto b
confronted to perceptive assessment to define atdis relevant both physically and perceptively.
Indeed, some indicators might emerge from a staéistanalysis because they are relevant to
discriminate spatially the sound environment, bavé in a mean time low interest in terms of
corresponding perceptive effects. Moreover, thegholds have to be defined additionally both in
duration and intensity, based on a perceptive stildgse further research, which will benefit frdme t
statistical work started in this paper, and wilpleéully help accounting for noise events in urbaise
mitigation measures.
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