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 Urbanization accentuates sound exposure issues

Jh""

Need indicators to describe sound
environments and evaluate noise

mitigation strategies
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Discussion

 Urbanization accentuates sound exposure issues

Drivers
Zones highly industrialized,

Dense road traffic network. ..
Pressure Actions
Road traffic emissions,
Industrial emissions...

Enforced legislation against
noisy vehicles or noisy

State industries,
Damaged sound environment

Noise mapping,

Noise batrriers, protection of
Exposure workers,
Indoor exposure at work, at home...
Outdoor exposure during commuting... Prevention, education...

Context : Socio-economic context: place
of residence, lifestyle...

Effects

Sleep disturbance,
Health effects,
Hearing impairments...

Cultural context:
susceptibility to noise...

Sensitive populations:
children...

/

Centre Lyonnais d’Acoustique

i
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I n t rOd u Cti O n Noise mitigation

Discussion

« Specificity of the noise pollution:

High spatiotemporal variations
Complexity of human hearing
Rich spectral content

Wide variety of sources

« Comparison of indicators within END 2002/49/CE

Long term effects
I—den

 New paradigms of urban sound environment analyses

perceptual effects new noise sources modelling approaches

- . sounds categorization
holistic evaluations

interest towards sound events characterization

possibility to underline noise levels variations

mobile measurements (7. CelyA

Can et al. Comparison of noise indicators, 23-August-2016 4/35



Introduction

Physical characterization
Perceptive evaluation

I n t rOd u Cti O n Noise mitigation

Discussion

« Comparison of indicators based on three criteria:

0 Ability to describe and categorize physically urban sound
environments

Indicators should capture physical urban sound characteristics
* Indicators should discriminate two different sound
environments

Drivers
Zones highly industrialized,
Rense road traffic network..

Pressure

Road traffic emissions, _

Actions

Enforced legislation against

- State

noisy vehicles or noisy
industries,
amaged sound environmen
— Noise mapping,
s~  Exposure

Noise barriers, protection of
workers,

Indoor exposure at work, at home...
tdaor exposure during commuting

revention, education.

Effects
Sleep disturbance,
Health effects,
Hearing impairments.
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Discussion

« Comparison of indicators based on three criteria:

0 Ability to describe and categorize physically urban sound
environments

9 Relevance of indicators to describe the perceptive
appreciations of urban sound environments

* Indicators should correlate with perceptive attributes

* Indicators should correlate with the presence of sources of
interest

Drivers

Zones highly industrialized,
Rense road traffic network..

Pressure

Road traffic emissions, _
ol arnission

Actions

Enforced legislation against
noisy vehicles or noisy

State industries,

amaged sound environmen
— Noise mapping,
v Expos ure Noise barriers, protection of
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Discussion

« Comparison of indicators based on three criteria:

0 Ability to describe and categorize physically urban sound
environments

@ Relevance of indicators to describe the perceptive
appreciations of urban sound environments

@ Ability of indicators to be estimated through classical or
more advanced traffic noise estimation models

* Indicators should be possible to estimate
* Indicators should be sensitive to mitigation strategies

Drivers

Zones highly industrialized,
Rense road traffic network..

Pressure

Road traffic emissions,
ol arnission

Actions

—_— Enforced legislation against
noisy vehicles or noisy
State industries,

amaged sound environmen
— Noise mapping,

Expos ure Noise barriers, protection of

Indoor exposure at work, at home... workers,
tdaor exposure during commuting

Prevention, education

Effects
Sleep disturbance,
Health effects,
Hearing impairments.
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a parte- w Physical characterization

Perceptive evaluation
73} Ability of indicators to be estimated through classical or Noise mitigation

more advanced traffic noise estimation models Discussion

Symuvia, Vissim, Paramics

SS85888

1]

Advanced indicators
calculation

DWL' Aoy

60

5580888
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Fig. 4. Time-series of L. 1 - at the first

- \ =

. = i -
Can A, Le{{Sucty Bffic noise,
Dynamic modeling vs. Experimental observations, Applied Acoustics. 2010;
71(8): 764-770.
De Coensel, B. De muer, T. Yperman, 1. Botteldoren, D. The influence of traffic
flow dynamics on urban soundscape, Applied Acoustics, 2005, 66, 175-194
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Introduction

Energeticind.  physical characterization
Percentile ind.

Variations ind. Perceptive evaluation
. .
I n t rOd u Ctl O n ShecHiin Noise mitigation
Emergences ind. ) )
Discussion

« Comparison of indicators based on three criteria:

0 Ability to describe and categorize physically urban sound
environments

9 Relevance of indicators to describe the perceptive
appreciations of urban sound environments

9 Ability of indicators to be estimated through classical or
more advanced traffic noise estimation models

 Today:
Scan of some indicators following these three criteria
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Perceptive evaluation

Classical energetic indicators s o meten

Emergences ind. . -
Discussion

* Leq’ I-Aeq

L,.\.J}' - \ﬁ\n '

e T

2 Y =i

Same value regardless the temporal structure ®
Highly impacted by noise peaks
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Physical characterization

Classical energetic indicators | %==

Discussion

Emergences ind.

Physical descriptive power Perceptive descriptive power

Leg ® Highly impacted by noise peaks [4] ©Correlated to long term health effects
L @ ® Hides the sound levels dynamics [7] [3]
€3 ® Same L. value whatever the sound
bl variation are [15]
5 E Liaeq ®  A-weigthing often criticized for | @ A-weigthing does not fulfil perceptive

= underestimating low frequencies at sound | requirements [23]
levels encountered in cities
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Classical energetic indicators

Percentile ind.
Variations ind.
Spectrum ind.
Emergences ind.

Introduction
Physical characterization
Perceptive evaluation

Noise mitigation

Discussion

Physical descriptive power Perceptive descriptive power Noise mitigation
Leg ® Highly impacted by noise peaks [4] ©Correlated to long term health effects | © Estimated with Static

L @ ® Hides the sound levels dynamics [7] [3] modelling
€3 ® Same L. value whatever the sound
bl variation are [15]
5 E Laeq @ A-\fveig?hing often i for | @ A.-Weigthing does not fulfil perceptive | © Estimated with Static

= underestimating low frequencies at sound | requirements [23] modelling

levels encountered in cities

Is a real L., estimated by static models?

Can et al. Comparison of noise indicators, 23-August-2016

12/35




Introduction

DEEEUAICA  physical characterization
Percentile ind.

Perceptive evaluation

Percentile indicators T T T

Emergences ind.

Discussion
* Lqo, Lso, Log ©
Describe the dynamic range of sound levels
ﬂej M.A
|
""E . 7t

But :

- on homogeneous periods

- one only point of the distribution

- fail to characterize the rhythm of sound variations
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Introduction

DEEEUAICA  physical characterization
: :
P t' I . d " t Variations ind. Perceptive evaluation
ercentie Inaicators Sectrum nd. Nojse mitigation

Emergences ind.

Discussion
Physical descriptive power

Lo © Describes background noise [50]
=~ Low range of variation in urban context
= § Lsg, © Good for discriminating sound
g ; Lsp.a environments [15]
=g
- = Lo © Describes high noise levels [50]

il
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Energeticind.  physical characterization

. . . T Perceptive evaluation
Percentile indicators T Er e

Emergences ind.

Discussion

Physical descriptive power Perceptive descriptive power
Lo © Describes background noise [50] Does not emerge from studies
=~ Low range of variation in urban context
5 3 Lo, ©  Good for discriminating sound | © Very good correlation with perceived
E o Lsoa environments [15] sound intensity and sound pleasantness;
=T outperforms L., [24]
“ = Lo © Describes high noise levels [50] © Outperforms L., [25]
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Energeticind.  physical characterization

Percentile ind.

. . . T Perceptive evaluation
Percentile indicators e

Emergences ind.

Discussion
Physical descriptive power Perceptive descriptive power Noise mitigation
Lo © Describes background noise [50] Does not emerge from studies Estimated with
- Low range of variation in urban context Dynamic modelling
5 3 Lo, ©  Good for discriminating sound | © Very good correlation with perceived Estimated  with
Z g Lsoa environments [15] sound intensity and sound pleasantness; | Dynamic modelling
E = outperforms L., [24]
“ = Lo © Describes high noise levels [50] © Outperforms L., [25] Estimated with
Dynamic modelling
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Noise variations indicators

Physical descriptive power

Lio-
Lo,
Ls-Los

© Describes the amplitude of noise variation
(Boulevard vs irregular traffic street)

cFL;"u:q,ls

© Describes the width of the sound levels
distribution
©  Good for discriminating sound
environments [15]

Assumes a normal distribution of Laeqis
values

SLAeq,ls

Discrimination of traffic situation based
on 1-s dynamics [51], although its
discriminative power is not proved

Noise variations indicators

Slope
of 1s-
fft

© Discrimination of road traffic situations
[11]
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Energetic ind.
Percentile ind.

Noise variations indicators

Physical descriptive power

Noise variations indicators

Spectrum ind.
Emergences ind.

Slope of 1s-fft

Introduction
Physical characterization

Perceptive evaluation

Noise mitigation

Discussion

Lio- © Describes the amplitude of noise variation

Loo, (Boulevard vs irregular traffic street)

Ls-Los

GLaeq.1s | © Describes the width of the sound levels
distribution
©  Good for discriminating sound
environments [15]

Assumes a normal distribution of Laeqis

values

SLAeq.1s Discrimination of traffic situation based
on 1-s dynamics [51], although its
discriminative power is not proved

Slope © Discrimination of road traffic situations

of 1s- | [11]

fft

8.

7t

o]

log, (S2) [au]
E- w

w
T

log, (F) [H7]

De Coensel, B. Botteldoren, D., De Muer, T. 1/f noise in rural and urban
soundscape, Acta Acustica united with Acustica, vol. 89 (2003) 287 - 295,

2003,
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LECEUUCAN  physical characterization

Percentile ind.

NOise Variations indicators Perceptive evaluation

Spectrum ind. Noise mitigation
Emergences ind.

Discussion

« Specific urban noise indicators :
Mean noise pattern, variations around it
(NLmax>801 Nlmin>60! Lmax/cycle’ etc.)

Tor

TOp

Aegls

B5 [

a1

=
b2
=
I
=
(83}
=
oo
=]

Very precise picture of sound variations @
But : dedicated to sound environments with cadenced rhythm
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Noise variations indicators

Energetic ind.
Percentile ind.
Spectrum ind.
Emergences ind.

Physical descriptive power

Perceptive descriptive power

Noise variations indicators

Lio- © Describes the amplitude of noise variation No consensus concerning the
Loo, (Boulevard vs irregular traffic street) perceptive effects ([24],[34].[28])
Ls-Los
GLaeq1s | © Describes the width of the sound levels No consensus concerning the
distribution perceptive effects
©  Good for discriminating sound
environments [15]
Assumes a normal distribution of Laeq s
values
SLAeq.1s Discrimination of traffic situation based | & Difficult to handle and relate with
on 1-s dynamics [51], although its | effects
discriminative power is not proved
Slope © Discrimination of road traffic situations | © In musical context acknowledged as a
of 1s- | [11] sound quality descriptor
fft ®  Further studies required to

demonstrate link to sound quality
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Energetic ind.
Percentile ind.

Noise variations indicators

Emergences ind.

Introduction
Physical characterization
Perceptive evaluation

Noise mitigation

Discussion

Physical descriptive power

Perceptive descriptive power

Noise mitigation

Noise variations indicators

Lio- © Describes the amplitude of noise variation No consensus concerning the Estimated with
Lo, (Boulevard vs irregular traffic street) perceptive effects ([24],[34],[28]) Dynamic modelling
Ls-Lys
GLaeq.1s | © Describes the width of the sound levels No consensus concerning the Estimated with
distribution perceptive effects Dynamic modelling
©  Good for discriminating sound
environments [15]
Assumes a normal distribution of Laeq s
values
SLAeq.1s Discrimination of traffic situation based | & Difficult to handle and relate with
on 1-s dynamics [51], although its | effects
discriminative power is not proved
Slope © Discrimination of road traffic situations | © In musical context acknowledged as a
of 1s- | [11] sound quality descriptor
fft ®  Further studies required to

demonstrate link to sound quality
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Energeticind.  physical characterization
Percentile ind.

Noise variations indicators e

Emergences ind.

Discussion
Physical descriptive power Perceptive descriptive power Noise mitigation
Lio- © Describes the amplitude of noise variation No consensus concerning the Estimated with
. Lo, (Boulevard vs irregular traffic street) perceptive effects ([24],[34],[28]) Dynamic modelling
= Ls-Lys
‘,E'._ GLaeq.1s | © Describes the width of the sound levels No consensus concerning the Estimated with
% distribution perceptive effects Dynamic modelling
E ©  Good for discriminating  sound
z environments [15]
g Assumes a normal distribution of Laeq s
= values
E SLAeq.1s Discrimination of traffic situation based | & Difficult to handle and relate with Estimated with
v on 1-s dynamics [51], although its | effects Dynamic modelling
= discriminative power is not proved
Z Slope © Discrimination of road traffic situations | © In musical context acknowledged as a Estimated  with
of 1s- | [11] sound quality descriptor Dynamic modelling
fft ®  Further studies required to
demonstrate link to sound quality
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Energeticind.  physical characterization
Percentile ind.

Noise variations indicators e

Emergences ind.

Discussion
Physical descriptive power Perceptive descriptive power Noise mitigation
Lio- © Describes the amplitude of noise variation No consensus concerning the Estimated with
. Lo, (Boulevard vs irregular traffic street) perceptive effects ([24],[34],[28]) Dynamic modelling
= Ls-Lys
‘,E'._ GLaeq.1s | © Describes the width of the sound levels No consensus concerning the Estimated with
% distribution perceptive effects Dynamic modelling
E ©  Good for discriminating  sound
z environments [15]
g Assumes a normal distribution of Laeq s
= values
E SLAeq.1s Discrimination of traffic situation based | & Difficult to handle and relate with Estimated with
v on 1-s dynamics [51], although its | effects Dynamic modelling
= discriminative power is not proved
Z Slope © Discrimination of road traffic situations | © In musical context acknowledged as a Estimated  with
of 1s- | [11] sound quality descriptor Dynamic modelling
fft ®  Further studies required to
demonstrate link to sound quality
DANP | © Discrimination of road traffic situations ®  Further studies required to Estimated  with
demonstrate link to sound quality Dynamic modelling

Tor
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TOr

henls
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Introduction

LECEUUCAN  physical characterization

Percentile ind. . :
Perceptive evaluation

Spectrum indicators BRIETTN ot migaio

Emergences ind. . .
Discussion

Physical descriptive power

SGC © Good for discriminating sound
environments based on their spectral content
[15].

® Highly unstable.

L¢ » | © Related to road traffic time of presence
with f | (f=65 Hz,125 Hz) [34]

freque | © Good for discriminating sound
ncy of | environments frequency content [13]
intere ® Spectrum described through a large
st number of indicators

E TFSD | ® Never investigated
; mean,4kH

L

E z

E TFSD | ® Never investigated
E mean, 300

E Hz

Ed

b

]

2,

7

CeLyA \ﬁ;j EE%}-!!E 7R Ul 2408
0 L AUDARY
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Spectrum indicators

Energetic ind.
Percentile ind.
Variations ind.

Emergences ind.

Physical descriptive power

Perceptive descriptive power

Spectrum indicators

SGC ©® Good for discriminating sound No consensus concerning the
environments based on their spectral content | perceptive effects
[15].
® Highly unstable.
TFSD | ® Never investigated © Related to perceived birds time of
mean,4kH presence [34]
z ® Only appears in one paper
TFSD | ® Never investigated © Related to perceived voices time of
mean,500 presence [34]
Hz ® Only appears in one paper
L¢ » | © Related to road traffic time of presence | © Low frequencies and tonal components
with f | (=65 Hz,125 Hz) [34] incfease annoyance [20,21]
freque | ©® Good for discriminating sound
ncy of | environments frequency content [13]
intere ® Spectrum described through a large
st number of indicators
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Introduction

Energeticind.  physical characterization
Percentile ind.

S pe Ctru m i n d i Cato rS eI ind. PeOn

Emergences ind.

Discussion
Physical descriptive power Perceptive descriptive power Noise mitigation
SGC © Good for discriminating sound No consensus concerning the Estimated  with
environments based on their spectral content | perceptive effects Dynamic modelling
[15].
® Highly unstable.
E TFSD | ® Never investigated © Related to perceived birds time of | @ No current model
= mean,4kH presence [34] allows its estimation
% z ® Only appears in one paper
E TFSD | ® Never investigated © Related to perceived voices time of | @ No current model
E mean,500 presence [34] allows its estimation
g Hz ® Only appears in one paper
g L¢ , | © Related to road traffic time of presence | © Low frequencies and tonal components Estimated  with
5 | with | (f=65 Hz.125 Hz) [34] incfease annoyance [20,21] Dynamic modelling
freque | ©® Good for discriminating sound
ncy of | environments frequency content [13]
intere ® Spectrum described through a large
st number of indicators
Sound recognition in urban environments should ©

produce new indicators

|
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Introduction

LECEUUCEN  physical characterization

Percentile ind. . "
Perceptive evaluation

Emergence indicators Spemming  Noiee mitgatn

Discussion
 Number of Noise Events (NNE) and Mask Index (Ml) :
Threshold : fixed value (i.e.70), or adaptative (Lagq+10, L1o+10)
Designed to measure either noisy or quiet periods @
b e
by 2) NNE = 1 by, B) NNE=2  © NNE = 1
MI=10% MI=10% MI=20%

But : partial view of the emergences
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LECEUUCAN  physical characterization

Percentile ind. . .
Perceptive evaluation

Emergence indicators i —

Discussion

« Map of emergences :

L4 |

Lsorx [4E3
o

threshold
o

20

2 4 6 8 10
Duration [s]

Complete but complex...

© ®

Can A, Guillaume G, Gauvreau B. Noise indicators to diagnose urban sound
environments at multiple spatial scales. Acta Acust unit Acust. 2015;101:964-74
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Emergence indicators

Physical descriptive power

Emergences indicators

Lia, © Good for discriminating  sound
environments based on emergences [§]
Mlyasg | © Good for discriminating  sound
+10 environments based on emergences [§]
Mlirs | © Good for discriminating sound
015 environments based on emergences [8]
CF ©  Good for discriminating sound
environments [13]
®Based on max values so no repeatable
measurements
Nimax- | ©  Good for  discriminating  sound
80 environments in the vicinity of traffic signals
[7]
Npos=¢5s | © Good  for discriminating  sound

environments in the vicinity of traffic signals

[7]
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Emergence indicators

Energetic ind.
Percentile ind.
Variations ind.
Spectrum ind.

Physical descriptive power

Perceptive

descriptive power

Emergences indicators

Lia, © Good for discriminating  sound No consensus
environments based on emergences [§]
Mlyasg | © Good for discriminating  sound No consensus
+10 environments based on emergences [§]
Mlirs | © Good for discriminating sound No consensus
015 environments based on emergences [8]
CF ©  Good for discriminating sound No consensus
environments [13]
®Based on max values so no repeatable
measurements
Nimax- | ©  Good for  discriminating  sound No consensus
80 environments in the vicinity of traffic signals
[7]
Npos-¢5 | © Good for discriminating sound No consensus

environments in the vicinity of traffic signals

[7]
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Introduction

Energetic ind.

Percentile ind. . .

Spectrum ind. Noise mitigation

Physical characterization

Emergence indicators

Discussion

Physical descriptive power Perceptive descriptive power Noise mitigation
L, © Good for discriminating  sound No consensus Estimated with
environments based on emergences [8] Dynamic modelling
Mlyasg | © Good for discriminating  sound No consensus Estimated with
» 410 environments based on emergences [8] Dynamic modelling
§ Mlurs | © Good for discriminating sound No consensus Estimated with
= 015 environments based on emergences [8] Dynamic modelling
E CF © Good for discriminating sound No consensus @ No current model
: environments [13] allows its estimation
] ®Based on max values so no repeatable
E measurements
%u Nimax= | ©  Good for  discriminating  sound No consensus Really specific to
5 80 environments in the vicinity of traffic signals urban corridors
[7]
Nios-s5 | © Good for discriminating  sound No consensus Really specific to
environments in the vicinity of traffic signals urban corridors
[7]

Can et al. Comparison of noise indicators, 23-August-2016
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Introduction
Physical characterization
Perceptive evaluation

D i S Cu SS i O n Noise mitigation
| Discussion

Physical descriptive power Perceptive descriptive power Noise mifizati
I SHishly impactsd by noiss peaks [4] SComelated to lons ferm health sffects | © Estimated with Stafic
© Hides the sound levals dvnamics [7] 131 modslling

& Seme L. vale whatsver the sound
varistion are [13]
T © A-waighimg often  crticized for | © A-weiglhing doas not fulfil perceptive | & Estimatad with Stafic

. Difficulty to highlight an optimal set of s by s et —

Laa & Deseribes backeround noise [37] Dioas not emerge from studizs Estimated  with
Low sange of varistion in urben contert Dynamic modelling

indicators for characterizing and evaluating I e e

outperforms L [24]

Fnergetic

= Ta T Describes high mosalevals [30] S Outpecforms Lax, [ 23] T —
urban sound environments | D
Lo | S Descrbes s amplituds of notss varistion W comenms  comcemimz e Totimated  with
. (Boulsvard vs irrsgular traffic strast) parcaptive sffacts ([24],[34][28]) Dynamic modslling
Le-Lss
SLats | © Deseribes the width of the sound [evals We comenms  comeerinE  Ge JoE e —
distribution parcaptive sffscts Dvnamic modelling

& Good for discriminsting  sound

. High correlations between indicators add ; = sson oL

valuas
- - - - o BLacyts Discrimination of traffic situation based on | © Difficult to handle and relate with Estimated  with
some partiality in the choices made 1] e | s —
powar is not provad
e | Slope & Discrimination of road traffic situations | & In musical context acknowladg=d as a Estimated  with
B | of 1] sound quality deseriptor Dynamic modalling
| Isfft © Further studies raquirad to demonstrate
link to sound guality
SGC T  Good for discriminstmg | sound Wo comsensus  concermmg  the Tolimated  wilh
snvironments based on thsir spactral content | psresptive sffacts Dynamic modslling

£ [TFSD T Feleid to peesived bids tme of | © Wo comemt medd
- —— prasemcs [34] allews its estimation
. S Duly appeass in ons paper
E [TFSD | BFe= moetand T Felad fo perestved voiess Tme of | © No comest medd
Fl presence [14] allews its sstimation
Elw © Ouly appears in ons paper
t [T, | = Felmed © road taffic tome of presemce | © Low Fequenciss and tonal compenents Eetmated Wil
£ | with f | (563 Hz 123 Hz) [34] inereass annoyanes [20,21] Dynamic modelling
freque | © Goed  for  discriminstne  sound
ey of | environments frequency content [13]
intere | © Spectrum dascribed through s larzs mumbsr
st of imdicatoes
Tia, | © Cow Tor Joommeme  sound | B Never mvesties Totmated Wik
environments bazed on emergencss [8] Dynamic modelling
Miw | ©  Gow for  Jdocommsing  sound | © Never mvestics Totmated  wilh
- environments bazed on emergences [5] Dynamic modelling
I Mow [ © Good for  dscrmmeize  sound | ©Never mvestics Estimared  with
Z | ous | environmentsbassd on smersences (8] Dynamic modelling
3[cr T Gowd fer Jhommemz  sound | ONee e T e coment modal
2 environments [13] allows its sstimation
g SBassd on max valuss so mo repeatsbls
E‘ T | ©  Cod Tor Joommeme  sound | B Never mvesties Feally spectfe T
Ela anviromments in the vicnity of teaffic signals urban corriders
Tore |8 Gowd Tor Toormmeinz  sound | B Never et Tl specife T
environments in the vieinity of traffic signals urban corriders
7
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D i S Cu SS i O n Noise mitigation
| Discussion

Physical descriptive power Perceptive descriptive power Noise mifizati
I SHishly impactsd by noiss peaks [4] SComelated to lons ferm health sffects | © Estimated with Stafic
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Static road traffic modeling

e L Aeq Not best indicator for sound pleasantness
Discriminates poorly sound environments

Dynamic road traffic modeling

* Energetic dimension: >< Lso

«  Temporal dimension:  OLaeq1s: L1o-Loo

Useful in categorization context
No consensus concerning perceptive effects

» Spectral dimension: % Useful in categorization context
Not often mentioned as relevant in the perception context

I-125Hz o Sources not taken into account
Sound sources indicators: TFSD in current modeling

 Emergences

indicators: I—A1, MlLA50+10’ M IL|_5o+15

Drawback: too complex for communication
1 5 Aggregate into a single dimensionless

indicator between 0 andﬁ)

Ex:
BeaafiroRiocjeciiex
Sound Pleasantness map

Spatial indicators for
exposure assessment
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