Participatory noise
mapping
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Participatory sensing for sustainable urban living
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RN data shows that: [UN2006]

An 2005, 49% of the worl dos popul ati on

ﬁ‘y 2030, this number is expected to hit 60%
rbanisation is rising even faster in developing
nations [UN2006]

An 2005, 74% of all city dwellers lived in the developing world
y 2030, developing counties are expected to accGun

apid urbanisation threate
life -3
A/Iobility ISsues
Alousing shortage
Aocial Injustice

W

[UN rUNDTCRER eI ISRMERIC & Social Affairs, Population Division (2006). World
Urb ﬁl_i@dﬁ% éhﬁ&@? Bsniai[c?anWorking Paper No. ESA/P/WP/200.
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ACitieS provide a critical arena from which to
approach the issues of sustainablility and climate
change because:

1. Urban areas are responsible for approximately 75
percent of all greenhouse gas emissions in the
world;

2. local policies can be effective where broader
policies might not be feasible;

3. cities, like universities, are learning laboratories.

— M. E.Kahn (2000). Green CIties: Urban Growth and the Environment, Brooklngs INSTTUTION
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computer sclence

AEnvironmental simulations: to get better predictions of
the future and thus encourage the need for action

ADistributed computation: for better exploitation of
avallable computing resources and the development
of energy-efficient soft- and hardware solutions

Almprove the granularity and quality of environmental
measurement data (think Internet of Things)

Increase awareness of citizens about the conditions
INn their environment and thus provide support for
political action

L. Steels (2009), Participatory Mapping and Social Networking for a Sustainable World. Sony
CSL Open House 2009 Symposium talk.



Participatory Sensing &
i WO
Opportunity:

You control the Information Age.
Welcome to your world.

g _1.-_

Platform Cultural shif ey
Ever more popular, cheaper _ Growing mte_rest_ for_
Asmart phones © (Web 2 O) environmental/sustainability issues
User-generated content, participation S
(U
| ) (
ASignificant computational () imate change

(Inconvenient truth, IPCC),
desertification, global

migration, urbanisation,

The (mobile) Web continues mobility, energy efficiency,
to change how we create, air pollution (e.g. fine

share and consume < particles), ... /
information...

power
\ ASemi-permanent Internet
access WiFi, GPRS/EGDE, 3G
S Alntegrated Sensors
amer aods, GPS,
ouch, ... . /

/




participatory/urban sensing
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Burkeet al. (2000). ParticipatorySensing? { 20Qat SenSy€06, ACMPress
Cuffet al. (2008). Urbansensing Outof the woods Comm of the ACM,51(3): p.24-33.
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tragedy of the commons

A over -exploitation of common resources which are not

replenished

N N one owns the E a r tatmdsphere. Therefore, it Is treated as a common dump
iInto which everyone may discharge wastes. Among the unwanted consequences
of this behaviour are acid rain, the greenhouse effect, and the erosion of the
E a r tplot@ctive ozone layer.o

Inflow Outflow

Nl ndu sahdr eavensnations are
apt to regard the cleansing of
iIndustrial discharges as
prohibitively expensive. The oceans
are also treated as a common
dump. Yet continuing to defend the
freedom to pollute will ultimately
lead to ruin for all. Nations are just = Take-out by
beginning to evolve controls to limit | COMPetitors
this damage.o

Outflow higher
than inflow

More examples: irrigation systems, space in
streets,noi se z ,sifloernecset s

G. Hardin (1968). The Tragedy of the Commons. Science, 162(3559): 0.1243-1248.



managing common pool resources

1.Clearly defined boundaries

2.Congruence between appropriation and provision rules
and local conditions

3.Collective-choice arrangements allowing for the
participation of most of the appropriators in the decision
making process

4.Effective monitoring by monitors who are part of or
accountable to the appropriators

5.Graduated sanctions for appropriators who do not respect
community rules

6.Conflict-resolution mechanisms which are cheap and easy
of access

/.Minimal recognition of rights to organize

Elinor Ostrom (1990). Governing the Commons. The Evolution of Institutions for Collective
Action. Cambridge University Press.



community memorie

. collectively manage common
Bulletin boards [Colstad1975] nool resources, e.g. our

Open expert systems REEREE - (vironment

AEarly predecessors: = collection of ICT tools to

ATechnoIogicaI advances have enabled many new
Ingredients:
Mobile, participatory sensing
A Social tagging
A Geo-localisation
A Aggregation, simulation and visualisation

[Colstad1975] K. Colstad & E. Lipkin (1975). Community Memory: a public information network.
ACM SIGCAS Computers and Society, 6(4): p.6-7.

[Steels1986] L. Steels (1986). From Expert Systems to Community Memories. In T. Bernold
(ed.), Expert Systems and Knowledge Engineering. Conf., G. Duttweller Institute, Ruschlikon,
Switzerland. p.17-29.



potential ingredients

Participatory Sensing

social Tagging

Voluntary
computing

CO mmu n Ity Aggregation &
MemOneS Access

Management of
the commons

Social networking
Simulation

L. Steels (2009), Participatory Mapping and Social Networking for a Sustainable World. Sony'
CSL Open House 2009 Symposium talk.



1. To set up the technology for a community memory for urban
environmental measurement surveys, in particular focusing on noise,

microclimate and pollution;to implement case studies in the Brussels
Region & elsewhere.

& Matthi as Stevens

Fartl:lpainrg snnslng fnr sustalnahlu urhan llvlng
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sound

Atmospheric prassurs

Audible sound

: Silence 3 ¢ 3

Sound pregsure

21



typical sounds

time evolution Spectrum
(amplitude) _(frequenc

pure tone
(note)

complexe tone
(chord)

noise
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sound level

sound pressure
level

10° 0F A~V
) _ ¢@instantaneous —
@atmOSphe“C sound pressure p
pressure
N >
< >t

threshold human
hearing make all amplitudes

=20.10 -% Pa positive

average sound pressure level

N

Integraal = sum over

all values \

= average

divided by time
interval
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Sound Proesure Lovel [dBr]

range of human hearing
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A-welighting [dB(A)]
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Heathrow,
UK

Brussels,
Belgium

noise Is a real problem In
cities all over the world

Traffic, construction, crackers: Top noise polluters Thlﬂk \'ﬁfllli]'f E';]iﬂf’ di'dfl'l

s Urhan nniseisldﬂinﬂtlmusanchf

et e = |

Citizens heip pnilce I:ake
——L motorists by their horns

I,' Gn.re us our sleéef

In Mumhal tuda} |5
‘No-honking day’
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WHO guidelines
KHOW loud Is too loud?

A< 30 dB(A) 1 n bedrooms for
A< 35 dB(A) In classrooms for good cognitive performance

A < 40 dB(A) yearly average sound pressure level in and
around bedrooms required to prevent health effects due to
noise

A How many people are exposed to excessive noise?

Ai 40% of the EU population is exposed to traffic noise >
55db(A);

A 20% Is exposed to > 65 dB(A) during the day
A > 30% Is exposed to > 55 dB(A) at night.

30



conseguences for quality of life

Traffic related noise exposure in Western Europe costs
the society at least 1 million healthy life years per year
[WHOZ2011, Burden of disease from environmental noise]

Aspects studied:

cardiovascular disease
Acognitive Impairment in children
Asleep disturbance

tinnitus

A general annoyance
31
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EU norms

oise maps obligatory for

cities > 250 000 inhabitants
roads > 6 million vehicles per year

railways > 60 000 passages per year

o To T I

and this every 5 years from 2012 onwards

y simulation and/or measurement

33



EU norms

Awhere day: 7-19, evening: 19-23, night: 23-7
Aeach L IS a time average over these periods

Aneeded: # people exposed to Lden and Lnight Values

A within 5dB bands between 55 and 75 dB and > 75dB

A at 4 m above the ground on the most exposed facade

Aseparate value for road, rail, air traffic & industrial
sources

Athrouuh measurements or simulation 34



official noise maps
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official noise map
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Lden vs. Lnight

Legende Legende

Lden — Gewestwegen Lnight — Gewestwegen
55-59 dB B Gebouwen 50-54 dB B Gebouwen
60-64 dB Waterwegen 55-59 dB Waterwegen
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B 70-74 dB | Gemeenten B 65-69 dB | Gemeenten

M >75d8 - “ M >70dB
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http://www.lne.be/themas/hinder-en-risicos/geluidshinder/Geluidskaarten
http://www.lne.be/themas/hinder-en-risicos/geluidshinder/Geluidskaarten
http://www.lne.be/themas/hinder-en-risicos/geluidshinder/Geluidskaarten
http://www.lne.be/themas/hinder-en-risicos/geluidshinder/Geluidskaarten
http://www.lne.be/themas/hinder-en-risicos/geluidshinder/Geluidskaarten
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official noise data
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Interpretation

not e 3
barely audible
(mosquito at 3m
distance)




noise maps through simulation

Valkaering / Controle

Aarmulende informatie {metingen, palingsn, ...}

Validation / Vérfication
Connées complémentaires (Mesures, epémges ...}

Tri, Validation, Extrapolation
Salectie, Validaning,
Extrapolatie

Base de données structurée
Gestructureerde databank

v

Entrée dans la modéle da
simulation, dans le logiciel
lnvoering in het

simutatiernodel, in software,

v

Pararmétraga calcul Interprétations,

e exploitation,
Pﬂ'ﬂ".m. af ﬁ:lg m sensibilisaton,
plan d'actions
v —> interpretaties,
expioitaiie,
. sensimisanng,
Sorties cartographiques, actisplannen.
analyses
Exposition des batiments
Exposition de la population

Cartografische print-outs,

analyses
Blootstelling van de gebouwen
Blootstelling van de bevolking

Aﬁources covered:

A traffic, train, industry, airports

Aimited measurement

Adata + propagation
model Ynoi se

41



EU norms

AThe measuring apparatus has to
Incorporate:

4 A-filtering
™ direct read-out of dB(A)

ULA,eqover arbitrary eet
™ calibration

%] spherical wind shielding

™ read-out of wind speed & direction

4] speed registration of passing vehicles

from: Reken- en Meetvoorschrift geluidhinder 2006, Bijlage 1V, versie aug. 2009 "



noise maps through simulation
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state of the art:
, N@ls:\be
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Wen dpphtdl an § Cammuriky website

NicolasMaisonneuve Matthias Stevens& Bartek Ochab Participatorynoise pollution monitoring using mobile
phones InformationPolity, 15(1-2):51-71, Aug2010 DOl 10.32331P-20100200 45




state of the art: apps

platform availability measusrement architecture

Ear-Phone Java ME private continuous app only

WIS Symbian C++ private continuous appt+server

Java ME-

Android-iPhone public continuous app+server

NoiseTube

WideNoise iPhone public on demand app+server

I Rana&al, EarPhone An Endto-End Participatory Urban Noise Mapping, Proc 9th Int. Conf on I
Information Processingn SensomlNetworks,2010
Kanjg NoiseSP.YA ReaiTime Mobile PhonePlatform for Urban Noise Monitoring and Mapping, J

Mobile Networksand Appl, Vol. 15(4), 2010
Stevens&al. Participatorynoise pollution monitoring usingmobile phones Information Polity, 15(1-

2):51-71, Aug2010Q 46


http://portal.acm.org/author_page.cfm?id=81100048360&coll=DL&dl=ACM&trk=0&cfid=34571429&cftoken=34863791







R envwonmental somal tagglng

facilitate interpretation

A Sources of noise

A subjective perception

A activity
A

85

{Birgd Elason o
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Tags are used to create rich,
annotated noise exposure maps

Users tag sources of noise, perceived
annoyance, etc. Tags are sent and
stored with measurement data

L. Steels& E Tiselli(2008. SocialTaggingin CommunityMemories Proceeding®f the AAAISpring
Symposiunon SocialnformationProcessing 49



WeD-pased community

tag-based search & exploration

NoiseTuobe
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collective maps

dynamic aggregated maps per city, combining all shared exposure
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semantic exploration

Soclal & automatic
contextual tagging
allows semantic search
through large data sets

Bookmarkable tag
gueries

Scope: location_city:paris[x] »> location_district: 75005[x] »> time_weesk:workingdays[x] »> location_type:strest[x] >>

Semantic space

Noise Exposure

Type

Signal
behavior

Social (by the

User Activity
Mobility
Weather
Type
Temperature
Wind
Time
Day
Week
Season
Location
Type
City
Zip
Street

annoying, , . '
, sudden peak, suddent peak,

users)
bar, bird, bus, construction, neighbor, neighbors,
roadworks, traffic,

stationary, using transport, walking,

mostly cloudy,
moderate,
breeze,

afternoon, evening, morning, ,

autumn,
avenue des gobelins, . place de la
contrescarpe, , fue amyot, rue
blainville, rue censier, rue claude bernard, rue clovis,
azeilles, ,rue de
langers, rue des ecoles, rue des

bernard, rue du cardinal lemoine,
fer, rue jussieu, rue lacépéde, rue

lacépéde, , Fue monge, rue
mouffetard,

r
, rue thouin, rue tournefort, rue vauguelin,

Geographical space

&




finding & motivating users

naitviauals

A personal awareness

worldwide & universal? |
A so far: Ilmlted/scattered results o

A ..3_ e
ﬂf:"
e W
b - X . 9

ACoordmatlon IS heeded!

A and also necessary from scientific pomt of view (validation)
24
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citizen-led Initiatives

= i

=

" Typical participative scenario: mapping noise pollutonina = =—
given area by a limited group of (untrained) citizens:

Ademloos

I



comparison

simulated participatory

only 4 sources of sound

all sounds

accurate but few measurements

less accurate but many

measurements
not scalable scalable
authorities only all citizens
large cities & roads all areas

pre-defined time averages

arbitrary time durations

some data inaccessible

all data in hands of citizens

little contextual information

context through tags

57
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research question

_ _ data aggregation
Implementation

How do we make participatory noise maps and what is the
guality one can expect to achieve?

How do these maps compare to current environmental

surveying methods, which are simulation  -based (and rely
only on a limited amount of measured data)?

analysis & EU-norms
Interpretation




state of the art: maps

Ear-Phone

NoiseSPY

NoiseTube

WideNoise
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NoisSe Iriaps Uirougri

/\ aala
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data

AjAATAa g .

"/ v - L/ \/

eotemporal tagging for data
organisation

rofessional calibration

A In controlled environment (anechoic chamber)

A In the field

ser-friendliness Is an ISS§

N@issabe




measurement equipment

EU-norms:
A-filtering
Aiirect read-out of dB(A)
MLA,erVEF arbitrary eet
™ calibration
Dspherical wind shielding

realistic set of

Oread-out of wind speed & direction ohones (from

Dspeed registration of passing vehicles eBay)

62



calibration

Calibration work carried out in collaboration with Prof. Guillaume, Acoustics & Vibration Group,
Applied Sciences, VUB.




calibration: frequency

2 phones tested




MNOK A,

NoiseTube Phone Tester
Running diagnostics.. _
Diagnostics done (select "Info"
for details).

Really to calibrate...

Best working audio spec:
WAVE LINEAR_PCM,48000,16,1
All working specs (25);
- WAVE, LINEAR_PCM,48000,16.1
- WAVE LINEAR_PCM . 48000,16,1
- WAVE LINEAR_PCM 48000,16,1
- WAVE LINEAR_PCM 44100,16,1
- WAVE LINEAR_PCM,44100,16,1
- WAVE LINEAR_PCM,44100,16,1
- WAVE LINEAR_PCM,32000,16,1
- WAVE LINEAR_PCM,32000,16.1
- WAVE LINEAR_PCM,32000.16,1
- WAVE LINEAR_PCH 050,16.1
- WAVE LINEAR_PCM,22050,16,1

Menu

calibration

MNDRIS

Calibration mode
Select audio spec.:
WAVE LINEAR_PCM,48000
WAVE LINEAR_PCM 48000,16,1

Elapsed time:  [00:00:11 i
Measurement # 6
dB: 40.2816409¢

3146613749069

65
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calibration: frequency

Nokia 5230 -0

5 80 125 200 315

500 @800 1250 2000 3150 S000 BO00 12500 20000

O 60dB < 65dB o 70dB {

nNo S1 gnoi

Nokia 5230-1

60 80 126 200 316

600 800 1250 2000 3150 5000 8000 12500 20000




calibration: frequency

Nokia 5230 -0 Reference Microphone

80,0
. [ ] ™
< L] mlu atle ale
ofe
.
- o'
™ 800 \O b

L 80,0 .

™Y 4 »
i w.u &

' 30,0
50 80 125 200 315 500 800 11250 2000 3150 5000 8000 1250020000 50 80 125 200 316 500 800 1250 2000 3150 5000 6000 1250020000

< 60dB < 65dB 70dB O 75dB < BOdB < B5dB < 90dB

there is a dependency on sound level

(more | between | e




calibration: frequency

00,0

87,0

74,0 ™

610 1 M

50 80 125 200 315 500 800 1250 2000 3150 S000 B000 12500 20000

< 90dB ref < 90dB (+6) 75dB ref O 75dB (+6)

Refere add 6dB globally

phone follows mike quite well, except for low

dB/frequenc

68



calibration: frequency

Afor frequency-dependent calibration one

needs to develop a digital filter, which Is
hard!

/Asound level dependency points to frequency-
Independent technigque

Acorrespondence between phone & reference
IS good In the domains that matter

0] USIOTNN. UlIJILe Cl JDVETKII, USe ITe(uceliCy-

Independent calibration technique instead (using white
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calibration: white noise

Intensity (dB)

100 1000 10000
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* white noise

calibration

10 phones tested

110

Nokia 5230-0...10

Reference Microphone

100

Sound Level Meter
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calibration: white noise

&
N@isé?m:e -+

mmmmmmmmmmmmmmmmmm

Nokia 5230-0 M dBA m aeaet Reference Microphone -



calibration: in the field

no wind

faulty data

02:30 0500

gap in data

12:30 15:00 17:30 20:00 22:30 25:00

Nokia 5230 -0: Reference Sound Meter:
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coordinated mapping for citizens
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coordinated mapping for researchers

We want to control as many parameters as
possible, to evaluate the participatory technigue.

Aidentical phones
Aﬁimplified NoiseTube

Aidentical tracks
Ameasurement technique

Aensure guantity of measurements

A pre-define time & area for measuring

A fixed # people
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protocol: track choice
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protocol

We want to measure at peak and off-peak hours.

How do we divide the work?

A week 1: peak hour (7:30 - 8:30)
A week 2: off-peak hour (21:00 - 22:00)

Aél volunteers

Ahow much data/effort?

A 5 days x 2 tracks per day x 4 people = 40 tracks

A 5 days x 1 hour per day x 4 people = 20 hours of field
work

A + 1800 measurements per track (1 per 2 sec)
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one map out of one track
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how do we obtain one map out of many
cks?
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analysis: tools
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analysis: tools
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analysis: grid

Divide the area into a grid...

N\ j o #measurements and
GPS errors

AGPS errors max 8,25m
for latitude, 11,41m for
longitude as measured
at 7 positions In the
area

E Awe use a 40m x 40m
i . .

Al | 1 matrix grid to have

+100 measurements

nAar ~nll
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analysis: grid

... distribute measurements over the grid ....
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