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ABSTRACT

One of the aims of Cart_ASUR project is to propaséndicator of urban sound quality based on pénczp
and acoustic data. The originality of this projemtsists in using mobile phone technology to coliiata. 60
persons had to assess about 20 locations in Rdasraor five homogenous periods (days, evenifgft
summer, winter) with a specific questionnaire tlglounobiles. In the questionnaire, the first questiare
related to global sound environment characteripatith semantic scales. The next questions contern
perceived loudness assessment of some emergenesdlight vehicles, trucks, bus and mopeds). Kinal
the last questions deals with the presence tinie sassessment of sources that do not emerge frem th
background (birds, voices, steps, etc). Before aashssment, sound pressure level is recordedeashd
from the mobile phone’s microphone during a 10-rtéreriod. In this paper, the link between gloloairsd
quality and loudness assessment of emergent sosrdeseloped. A particular attention is devotedhi®
situation classification. Depending on the typdochtion, some identified sources have an influemcéhe
sound quality of the environment.

Keywords: Soundscape, Urban sound quality I-ING&sslfication of Subjects Number(s): 56.3, 68.2

1. INTRODUCTION

Since 2002 and the European Directive 2002/49/Hftiescwith more than 100.000 inhabitants
must publish noise maps [1]. These maps show #q Indicator and must be used to communicate
with citizens about noise. Butpky indicator based on the density of traffic is ndways
representative of people’s perception on noiseeédd ey is a weighted average indicator which
represents noise only when traffic is continuoust ®hat happens when it is not continuous? When
places are far away from roads or protected? Fesdlcases, thepky indicator seems to be less
relevant. That is why, in order to be more représeve of people's perception in the urban context,
the Cart_ASUR project aims at building a sound géedness indicator which could integrate more
information than just the sound level due to tafitmerging sources such as motorbikes or horns, or
sources such as birds or voices seem to be alsortamt for sound quality.

Previous work showed that a good prediction of ¢hand pleasantness could be obtained from
twelve independent perceived variables [2]. Bustivork was based on about 300 interviews. By
increasing the number of perceptive data and bgrding simultaneously the evolution of the sound
level, the Cart_ASUR project tries to improve theicator of urban sound quality. To collect a 16t o
information, the Cart_ ASUR project uses the molgleone technology to record perceptive and
acoustic data. The mobile application and the qaesaire are presented in the second section ef thi
paper. The perceptive data is then analyzed todbailmodel in order to predict sound quality.
According to the kinds of locations, models candiféerent. Indeed, some urban characteristics may
have an influence on the choice of variables usethé model (§ 3 and 4). Finally, the discussion
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focuses on specific variables such as global losgnemergence of sources and envelopment (§ 5).

2. ACOUSTIC AND PERCEPTIVE DATA COLLECTION

A specific mobile phone application was developgdhe BrusSense Team of Vrije Universiteit
Brussel (VUB). The application and calibration &gesed on the NoiseTube developments [3].

2.1 Mobile calibration

After some tests on mobiles’ microphone, the moplene "HTC one X" is chosen to conduct this
project. The mobiles were calibrated during a cagmp& anechoic room conducted by the VUB team.
The figure 1 shows the results of measurementsiddaafter calibration for three phones.
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Figure 1 — Mobile measurements in dB(A) in functadrthe real value in dB(A)). It shows the measwram
of phones after a first set of calibration (blue @nrple). The orange curve corresponds to an inggreet of

calibration for low levels.

Between 50 dB(A) and 90 dB(A), the lines are vense to the diagonal, which represents perfect
accuracy. As expected, below 50 dB(A) and abovedB@®\), accuracy decreases greatly. That is why
the calibration of mobile phones has been slightljusted for low levels to obtain the orange curve.
But the poor accuracy below 50 dB(A) and above 8QAJ is not an issue for Cart_ ASUR since
measurements take place in urban areas, where deueld are set inside this range.

As part of the study, a comparison between ithesitu acoustic measurements delivered by
calibrated mobile phones and the measurements tadgruitparif measuring stations commonly
used for overall documentation of environmentalseas expected.

2.2 Cart_ASUR application

To help participants carrying out the experimentnabile application was developed. It makes
possible the management of all measured locatioamed “objectives”. An objective defines a
specific location and a specific time of measuremé&or each objective, the application allows a
10-minute recording of sound pressure levels (stoeach second) followed by a perceptive
guestionnaire. This questionnaire is composed dettparts (Figure 2). The first part is related to
global sound environment. Global loudness, aninmtienvelopment, sound pleasantness, visual
amenity and familiarity are assessed with semastales. The second part concerns the emergent
sound sources. The perceived loudness of mopeds, ttacks or buses, sky trains, horns and urban
activities are assessed with scales from “low” high”. The last part deals with the time presente o
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sound sources which don’t emerge from the backgtaoise such as traffic, voices, footsteps, birds,
water and wind. A scale from “rarely present” tmftinuously present” is used for these sources.
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Figure 2 — Screenshots of Cart ASUR questionnaire

In the questionnaire, a particularity can be obedrfor the traffic noise. Indeed, this kind of reis
can be considered as an emergent noise assessedpaitific sources or, depending on the flow of
vehicles, assessed as a whole.

At the end of the experiment (in September 2014 ,expect a total of 4000 measurements. For
now, 1934 measures have been carried out betwewb&c2013 and March 2014. It represents about
100 objectives, and each objective is assessetldiyt20 persons. The analyses presented in the pape
were conducted on these measurements.

3. CLUSTERING OF LOCATIONS

In order to adapt the model to the different kimafslocations, a classification on places was
conducted. It was based on the perceptive chaiaatean of these locations. The classification was
conducted on the medians and inter-quartile diffees. The inter-quartile difference makes it
possible to take into account the dispersion ofams in the assessment of emergent sound sources.
Indeed the distribution of these variables is nati&sian.

3.1 Method

Clustering is performed on the Kohonen’s Self-Oiganrg Maps (SOM), followed by a Ward
classification. In the seventies, Teuvo Kohonen deseloped an artificial neural network algorithm
that makes it possible to classify inputs [4]. Thisthod is an unsupervised classification. Namely
classification is only driven by the input as oppodo supervised classification. Only one neuron is
modified at each learning step. At the end of thessification, the data are distributed between
different neurons mapping the same topology asitta space.

After this first classification, it is possible gather neurons in different classes by using a Ward
classification. These two classifications are uged after the other for two reasons:

- Reducing the number of input data, in our cag84lmeasures which sometimes make the Ward
classification unreadable and difficult to interpre

- Highlighting perceptual variables that explaie ttlustering of values in different classes

3.2 Results

A double classification is conducted on the 1934asuwements. The number of classes is chosen
after considering the dendrogram and the semi-glaRiSquare index (SPRSQ) (Figure 3).
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Figure 3 Number of classes to consi. At left, dendrogram representation with dissimilarity inéte
ordinate. At right SPRSQ index wil the ratio of inteiclass inertia on the total inertia in ordinate #me

number of classes in x-axis

The two slopédreaks in the SPRSQ index show that 3 or 6 clasgede considered. This is al
observed in the dendrogram representa In this artide, we decided to worlon six classes
because the distinction betwetre classes was easy to interpret.

The Kohonen map is composof 54 neurons groupddgether in 6 classes (Figur). The objects
of the map correspond tthe 100 objectives and each onie coded as follow: the first lett
corresponds to thieind of location, the three necorrespond to the three firgtters of the place name
and the last letters to tlperiod (for example A_ITA_SJ meaAvenue ITAie, measured on a week
day (“Sem#ne” in French) and on day period (“Jour” in French).

Class 2

Class 3

Class 6
Class 4

Class 5

Figure4 — Clustering of locations in six classes

With the SOM, it is possible to analyze the inflaenof percejive variables on classificatior
Different variables are shown in Figu5 (for median values) and Figure 6 (for quartile \ed). For
each classthe kind of places and the characteristics arerg

- Class lis composed mainly of measuremeiperformedin streets, boulevards or crossroi
during day.These locations are rair loud with a lot of traffic.

- Class 2 is composed mainly of measuremeperformedin streets, boulevards or crossroi
during evening and nightt is worth noticing that the int-quartile variables on heavy vehicles and
motorcycles are high (Figar6). These locations are without life and ratheat enveloping with
medium noise levelshe place with sky train is also in this cla:

- Class 3 is composed of various locations: sma#egty, crossroads in evening, schools du
class, etc. All variables armaediurr in this group showing that all kind of sources are pre.

- Class 4 is composed mainly of measuremperformed in market stets, restaurants and pt
streets. Footsteps and voicaa® present in these place
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- Class 5 is composed only of measurements perfdrimgarks. These places are very pleasant
with noise of birds and water.

- Class 6 is composed of various places: parksketay streets, mixed areas, etc. These locations
are characterized by the absence of animation duwice. It leads to an “unfamiliar” feeling.
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Figure 5 — Distribution of median values of eaclcpptual variable on the SOM - At left, segmentatio

shows the distribution of different classes of SOM
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Figure 6 — Distribution of inter quartile values Bamergent sound sources on the SOM. At left, satatien

shows the distribution of different classes of SOM

4. CONSTRUCTION OF PREDICTIVE MODELS OF SOUND QUALITY

4.1 Method

A predictive model is calculated for each classlomindividual evaluations through various steps.
The first step consists in verifying the indepenckerbetween each variable with the correlation
coefficients. When two or more variables are fowodrelated, only one is chosen and kept for the
prediction models. Each class includes a large rarmobdata. So, the significance of the correlation
is always very high (p<0.001), even for a poor etation. It has been decided to consider that two
variables are correlated when the correlation coiefiit is greater than 0.5. Variables that do rextyv
are also removed from the analysis.

The second step consists in choosing the best mivdel linear regressions calculated with
Statgraphic software. The best model has the highalsie of adjusted R2. The adjusted R? is a
coefficient based on coefficient R2 which measuhesquality of the fit of estimated linear regressi
equation. When the best model is found, the cotimiacoefficient between the model prediction and
the evaluated perceived sound quality is calculated

4.2 Results

4.2.1 Correlations between sound quality and visual amenity

When calculating the various models, we observed ttsual amenity was the most correlated
variable with the sound quality (Table 1). It camdlso observed on the variable maps in Figurab th
sound agreement map and visual agreement maprailarsiThis means that if a place is considered as
“beautiful”, the sound environment is also consa&tkias “pleasant”. Previous studies have already
highlighted the relation between audition and wuis[8]. But the importance of the visual setting is
more an artifact in this study where the sound emurnent in many existing places is correlated with
the visual situation.

Table 1 — Correlations between sound quality asdaliamenity

Class class1 class|2 class3 class4 class5 €class
0,51** | 0,54* | 0,55* | 0,57** | 0,66** | 0,54**
(433) | (444) | (137) | (525) | (199) | (184)

Correlation

In order to select a model which would be able tedjict the sound quality only from acoustic
variables (perceived or calculated), it has beend##l to remove the visual agreement variable from
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the models. For our urban corpus, this variablel$eim mask the importance of the acoustic variables

4.2.2 Models

Models are calculated for each class without tlsei@i amenity variable, the sound pleasantness as
the dependent variable and the other perceptiveabims as the explanatory variables. They are
presented in Table 2.

Table 2 — Models of different classes

Class Equation of model Corr.
Class 1 Sound pleasantness = 7,26 - 0,28 * Globahless - 0,07 * Loudness of trucks ¢r0.28**
bus - 0,09 * Time ratio of traffic + 0,12* Time ratof footsteps (433)
Class 2 Sound pleasantness= 6,19 - 0,44 * Globdhless + 0,19 * Animation + 0,15 * Np 0.43**
envelopment + 0,07 * Familiarity (444)
Class 3 Sound pleasantness = 9,17 - 0,52 * Globdhless + 0,16 * No envelopment - 0,[L8.59**
* Familiarity + 0,09 * Time ratio of footsteps (137)

Class 4 Sound pleasantness = 5,94 - 0,16 * Globdhless + 0,19 * No envelopment - 0,00.35**

Familiarity - 0,14 * Loudness of trucks or bus +®}* Time ratio of footsteps (525)

Class 5 Sound pleasantness = 7,62 - 0,17 * Globdhless + 0,22 * No envelopment - 0,28.45**

* Loudness of cars + 0,14 * Time ratio of birds (199)
Class 6 Sound pleasantness = 8,29 - 0,47 * Globdhless + 0,15 * No envelopment - 0,08.45**
* Familiarity + 0,13 * Time ratio of birds (184)

Except for class 3, the models are less good tdigtrsound quality without visual amenity. The
most important decrease is observed for the clagkere coefficient changes from 0.51 to 0.28.

In all models, we observe the presence of the “@ldbudness” variable (quiet/loud) with an
important coefficient which is always negative,ttlsto say, the louder the sound, the less pldaban
sound quality. The global loudness is the most irtggd variable for all models, except for the class
which gathers the parks. For this group, loudnéssans has the most important coefficient. The
positive impact of the “No envelopment” variabledificult to interpret. A dedicated questionnaire
has been sent to participants in order to bettdetstand how they answered this specific question o
“Envelopment” (see section 5.2)

The variables involved in models are different adémg to the locations or periods of
measurements. Only the models of class 3 and 6relegively close in term of variables and
coefficients. Actually, the difference lies only ¢ime type of sources (footsteps for one and biods f
the other). This result is not surprising giventthiae class 3 and the class 6 are not typical urban
location where class 3 is animated (with human gmes) whereas class 6 is not.

Finally, among the different variables, only theetfcient of familiarity is sometimes negative and
sometimes positive. It can be noticed that thisalde does not vary so much (between 6.5 and 7.5 on
the 11 point-scale)

5. Discussion

5.1 Global loudness

During the construction of models, the global loadgs has often been correlated with other
variables (“animation”, “loudness of cars”, “timatio of traffic” and “time ratio of voices”). Bugs
the correlation coefficient between loudness anthdajuality is the highest compared to its coredat
variables, the global loudness was kept insteadhef other variables. However, the variables
correlated with this global loudness are not thmedor the different classes (Table 3).
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Table 3 — Correlation between global loudness dhergerceptive variables

(In red, the variables assessed correlated fomthael, coefficient is upper to 0.5)

Class | Animation Loudness of cars Time ratio of traffic| Time ratio of voices
Class 1| 0.52** 0.55** 0.39** 0.20**

Class 2|  0.40** 0.60** 0.54** 0.15**

Class 3| 0.43* 0.43** 0.28** 0.37**
Class 4| 0.53** 0.14* 0.24** 0.52**

Class 5| 0.56** 0.08 0.07 0.51**

Class 6| 0.45* 0.58** 0.57** 0.25**

Correlations observed in table 3 correspond tootexikinds of locations of each class. So, when
analyzing models, global loudness will not alwagyd the same meaning. For a street, boulevard or
place, global loudness is related to loudnessgiftlivehicles (class 1, 2 and 6). For parks, shappin
areas, etc., where human presence is importansahed intensity is related to animation and voices
(class 4 and 5). In the class 3, where all varialaiee medium, loudness is not correlated with any
particular source variable. So a particular atemshould be brought to the loudness variable when
the results are crossed with perceptual data.

Table 4 presents the correlation betwegg,Lio min@and perceptive variables.

Table 4 — Correlations betweeRek, 10 mnand variables

Variable class1l class2 <class3 class4 class &ssé
Perceived | 0.43* | 0.37** | 0.41* | 0.31* | 0.32* | 0.31**
global loudness (433) (444) (137) (525) (199) (184)
Sound -0.21** | -0.30 ** | -0.33** | -0.17** | -0.25** | -0.18**
quality (433) (444) (137) | (525) | (199) | (184)

We note that all correlations are significant sttally but the correlation coefficients are under
our threshold of 0.5. For the perceived global loesk, this means that the equivalent level is not a
very good indicator for this feeling. This has besneady revealed especially for no continuous
sounds. laig Or Las should be further taken into account [6-8]

5.2 No envelopment

Except for the class 1, the “No envelopment” valeals in all models. In each case, the “no
envelopment” coefficient is positive which meanattkess envelopment in the environment induces
greater sound quality. This result is in contraidictwith the results found by Brocolini where an
environment more enveloping induced a greater saquadity [2].

To try to understand this observation, participamse asked to precise their understanding of this
specific envelopment question. By observing thetipgants answers, it seems that a sound
environment is enveloping when the background nisdeuder, for example:

- “I am enveloped when | cannot distinguish differeounds separately and assign an origin and /
or distance” (“Je suis enveloppé lorsque je ne pEscdistinguer divers bruits de maniére distirette
leur attribuer une origine et/ou une distance”).

- " | considered the constant and dull backgrouod@ as enveloping” (“J'ai considéré un bruit de
fond constant et sourd comme enveloppant”).

Envelopment seems to be linked to the backgrounsen®Vhen the background noise is important,
the noise environment is assessed as less pledsahe continuation of this study, the enveloping
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variable could be correlated with an acoustic iathhc which could make it possible to assess the
background noise level such as thgdfor example.

5.3 Emergent sound sources

Emergent sound sources are involved in models a$sds 1, 4 and 5. In all these models,
coefficients of emergent sound sources are negafSeethe more emergent the noise is, the less
pleasant the sound quality is.

By observing results, class 5 is very interestimgduse for this group, the coefficient of car
loudness is the most important in the linear regimsmodel. This class gathers individual evaluagio
conducted in different parks. Only two parks ard part of this group when measurements are
performed during a week day: “Kellerman” and “Citéiversitaire” parks. These two Parisian parks
are both located along the ring road. They areemly clustered in the class 5 for measurements
carried out during the weekend when there is lef$i¢ and more people in these parks.

So the emergence of cars seems to have an impangatt on assessment of noise environment
quality in parks where the streets are relatively Conversely in class 1 (thoroughfare, crossroad,
etc.), time ratio of traffic is more important fassessments of sound quality. So these two classes
different for traffic noise. People pay attentiantime ratio in class 1 locations because the ndise
to the traffic is continuous and people pay atmtio emergent sound of cars in class 5 locations
because noise due to the traffic is perceived &ntsv This same observation can be conducted on
classes 1 and 4, where the trucks or buses areamdinuously present and where these sources are
more perceived as events instead of being perceigsea continuous noise.

When continuous, the time ratio of traffic is edsypredict by using calculation ofpky [9] but
what could be used to predict sound events duar®, ¢rucks or buses? Perhaps indictors such as the
number of events over a specific threshold NNElth& duration when sound levels exceed a certain
threshold MIL could be used as noise event indicgtand could be correlated to the source emergence
[10-12].

CONCLUSIONS

Through the analysis of 1934 perceptive assessma@ultshe corresponding acoustic measurements,
this work made it possible to better understandnfieence of variables involved in noise qualBy
classifying locations according to their perceptieglitures, models could be adapted to each kind of
places. For streets, boulevards and crossroadsnwdels are required: one for day periods (class 1)
and one for evening or night (class 2). In bothesashe sound quality is influenced by traffic reolsit
during the day it is so important that it is taketo account through the global loudness (correlabe
the loudness of cars) and through the time raticetficle presence. In the evening or at night these
variables are correlated, so only one variablakgm into account in the models.

In the parks the traffic noise, more distant orsle®ntinuous, is taken into account with the
emergence of car sounds. The presence of trucksses which is not continuous is involved also in
class 1 and 4 models.

The models highlighted in this study show that$ome locations, where the sound source is not
continuous, the emergence of sound sources is i@pbrfor assessing sound quality. The
representation of sound in noise maps should tateaccount these events in order to be closer to
people's perception.

Now, this study must continue in order to find aoastic indicator which will make it possible to
predict the sound quality with acoustic parameters.
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