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cities ź sustainability cities ź sustainability 

ÅUN data shows that: [UN2006] 

ÅIn 2005, 49% of the worldôs population were city dwellers 

ÅBy 2030, this number is expected to hit 60% 

ÅUrbanisation is rising even faster in developing 

nations [UN2006] 

ÅIn 2005, 74% of all city dwellers lived in the developing world 

ÅBy 2030, developing counties are expected to account for 81% of city dwellers 

ÅRapid urbanisation threatens quality of urban 

life 
ÅMobility issues 

ÅHousing shortage 

ÅSocial injustice 

ÅLack of green space 

ÅAir, soil, water & noise pollution 

Å

[UN2006] UN, Dept. of Economic & Social Affairs, Population Division (2006). World 

Urbanization Prospects: The 2005 Revision. Working Paper No. ESA/P/WP/200. 









ÅCities provide a critical arena from which to 

approach the issues of sustainability 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. 

cities ź sustainability cities ź sustainability 

M. E. Kahn (2006). Green Cities: Urban Growth and the Environment, Brookings Institution 

Press. 



computer science ź sustainability computer science ź sustainability 

ÅEnvironmental simulations: to get better predictions of 

the future and thus encourage the need for action 

ÅDistributed computation: for better exploitation of 

available computing resources and the development 

of energy-efficient soft- and hardware solutions 
 

ÅImprove the granularity and quality of environmental 

measurement data (think Internet of  Things) 

ÅIncrease awareness of citizens about the conditions 

in 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. 



Opportunity:  

Participatory Sensing & 

Sustainability 

Participatory Sensing & 

Sustainability 

Cultural shift  

(Web 2.0): 
User-generated content, participation  

Platform:  
Ever more popular, cheaper 

ñsmart phones ò 

Concerns:  
Growing interest for  

environmental/sustainability issues  

+ + 

(Time Magazine, 2006) 

Å Significant computational 

power 

Å Semi-permanent Internet 

access  WiFi, GPRS/EGDE, 3G 

Å Integrated sensors 

ÅCameraôs, GPS, motion, 
touch, ... 

The (mobile) Web continues 

to change how we create, 

share and consume 

information... 

Climate change 

(Inconvenient truth, IPCC), 

desertification, global 

migration, urbanisation, 

mobility, energy efficiency, 

air pollution (e.g. fine 

particles), ... 



participatory sensing participatory/urban sensing participatory/urban sensing 

BurkeBurke  etet  alal..  ((20062006))..  ParticipatoryParticipatory  SensingSensing..  ²{²Ω²{²Ω0606  atat  SenSysSenSys  ΩΩ0606,,  ACMACM  PressPress.. 

CuffCuff  etet  alal..  ((20082008))..  UrbanUrban  sensingsensing::  OutOut  ofof  thethe  woodswoods..  CommComm..  ofof  thethe  ACM,ACM,  5151((33))::  pp..2424--3333..  

BurkeBurke  etet  alal..  ((20062006))..  ParticipatoryParticipatory  SensingSensing..  ²{²Ω²{²Ω0606  atat  SenSysSenSys  ΩΩ0606,,  ACMACM  PressPress.. 

CuffCuff  etet  alal..  ((20082008))..  UrbanUrban  sensingsensing::  OutOut  ofof  thethe  woodswoods..  CommComm..  ofof  thethe  ACM,ACM,  5151((33))::  pp..2424--3333..  



UbiComp + Citizen Science = Participatory SensingUbiComp + Citizen Science = Participatory Sensing   

  

  

                              +                 =+                 =  



ñNo one owns the Earthôs atmosphere. Therefore, it is treated as a common dump 

into which everyone may discharge wastes. Among the unwanted consequences 

of this behaviour are acid rain, the greenhouse effect, and the erosion of the 

Earthôs protective ozone layer.ò 

ñNo one owns the Earthôs atmosphere. Therefore, it is treated as a common dump 

into which everyone may discharge wastes. Among the unwanted consequences 

of this behaviour are acid rain, the greenhouse effect, and the erosion of the 

Earthôs protective ozone layer.ò 

Å= over -exploitation of common resources which are not 

replenished  

 tragedy of the commons 

More examples: irrigation systems, space in 

streets, noise ź silence, forests ź logging, 

... 

ñIndustries and even nations are 

apt to regard the cleansing of 

industrial 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 

beginning to evolve controls to limit 

this damage.ò 

G. Hardin (1968). The Tragedy of the Commons. Science, 162(3859): p.1243-1248. 



managing common pool resources  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 

7.Minimal recognition of rights to organize 

Elinor Ostrom (1990). Governing the Commons. The Evolution of Institutions for Collective 

Action. Cambridge University Press. 



community memories  community memories  
 

ÅEarly predecessors: 
ÅBulletin boards  [Colstad1975] 

ÅOpen expert systems  [Steels1986] 

 
 

ÅTechnological advances have enabled many new 
ingredients: 
ÅMobile, participatory sensing  

ÅSocial tagging 

ÅGeo-localisation 

ÅAggregation, 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. Duttweiler Institute, Ruschlikon, 

 Switzerland. p.17-29.   

 = collection of ICT tools to 

collectively manage common 

pool resources, e.g. our 

environment 



Community Community 

MemoriesMemories   

Participatory Sensing  

Management of 

the commons  

Management of 

the commons  

Social networking  

Simulation  Simulation  

Aggregation & 

Access  

Social Tagging  

Voluntary 

computing  

Voluntary 

computing  

L. Steels (2009), Participatory Mapping and Social Networking for a Sustainable World. Sony 

CSL Open House 2009 Symposium talk. 

potential ingredients potential ingredients 



1.1. To set up the technology for a community memory for urban To set up the technology for a community memory for urban 

environmental measurement surveys, in particular focusing on noise, environmental measurement surveys, in particular focusing on noise, 

microclimate and pollution;to implement case studies in the Brussels microclimate and pollution;to implement case studies in the Brussels 

Region & elsewhere.Region & elsewhere.   

1.1. To set up the technology for a community memory for urban To set up the technology for a community memory for urban 

environmental measurement surveys, in particular focusing on noise, environmental measurement surveys, in particular focusing on noise, 

microclimate and pollution;to implement case studies in the Brussels microclimate and pollution;to implement case studies in the Brussels 

Region & elsewhere.Region & elsewhere.   

Dr. Ellie DôHondt & Matthias Stevens Dr. Ellie DôHondt & Matthias Stevens 

ǒ Department of Computer Science ǒ  
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sound sound 
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typical sounds typical sounds 
time evolution 

(amplitude) 

spectrum  

(frequency) 

pure tone 

(note) 

complexe tone 

(chord) 

noise 
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sound level sound level 

silence   sound  

 

atmospheric  

pressure  

instantaneous  

sound pressure p  

 

sound pressure 

level  

average sound pressure level  

integraal = sum over 

all values  

divided by time 

interval  

= average  

make all amplitudes  

positive  

threshold human 

hearing  

= 20.10 - 6 Pa 
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pressure [Pa] ź sound pressure level 

[dB]  

pressure [Pa] ź sound pressure level 

[dB]  
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range of human hearing range of human hearing 
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frequency dependence frequency dependence 

Frequentie [Hz]  



27 

A-weighting [dB(A)] A-weighting [dB(A)] 

Frequentie [Hz]  

Frequentie [Hz]  

A-weightings curve 

Leq + + A-weighting = 



noise is a real problem in 

cities all over the world 

noise is a real problem in 

cities all over the world 

Mumbai, India  Mumbai, India  

Heathrow, 

UK 

Heathrow, 

UK 

Brussels, 

Belgium  

Brussels, 

Belgium  
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noise survey in the EU noise survey in the EU 

A map of Europe showing the per-country percentage of respondents answering òYesò to the question:  

òIn the immediate neighbourhood of your home, do you have reason to complain about noise?ò 
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WHO guidelines WHO guidelines 

ÅHow loud is too loud? 

Å< 30 dB(A) in bedrooms for a good nightôs sleep 

Å< 35 dB(A) in classrooms for good cognitive performance 

Å< 40 dB(A) yearly average sound pressure level in and 

around bedrooms required to prevent health effects due to 

noise 

ÅHow many people are exposed to excessive noise? 

Å± 40% of the EU population is exposed to traffic noise > 

55db(A); 

Å20% is exposed to  > 65 dB(A) during the day 

Å> 30% is exposed to > 55 dB(A) at night. 
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consequences for quality of life consequences for quality of life 

Traffic related noise exposure in Western Europe costs Traffic related noise exposure in Western Europe costs 

the society at least 1 million healthy life years per year the society at least 1 million healthy life years per year 

[WHO2011, Burden of disease from environmental noise][WHO2011, Burden of disease from environmental noise]  

ÅAspects studied: 

Åcardiovascular disease 

Åcognitive impairment in children 

Åsleep disturbance 

Åtinnitus 

Ågeneral annoyance 

ñ in Europe, environmental noise leads to a disease burden that is second in 

magnitude only to that from air pollution. One in three people experiences 

annoyance during the daytime and one in five has disturbed sleep at night because 

of noise from roads, railways and airports.ò 
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EU norms EU norms 

ÅNoise maps obligatory for 

Åcities > 250 000 inhabitants 

Åroads > 6 million vehicles per year 

Årailways > 60 000 passages per year 

Åand this every 5 years from 2012 onwards 

Åby simulation and/or measurement 
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EU norms EU norms 

 

Åwhere day: 7-19, evening: 19-23, night: 23-7  

Åeach L is a time average over these periods 

Åneeded: # people exposed to Lden and Lnight values 

Åwithin 5dB bands between 55 and 75 dB and > 75dB  

Åat 4 m above the ground on the most exposed façade  

Åseparate value for road, rail, air traffic & industrial 

sources 

Åthrough measurements or simulation 
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official noise maps official noise maps 

WHO norms:  

day <55 dB(A)  

night: < 40 dB(A).  

WHO norms:  

day <55 dB(A)  

night: < 40 dB(A).  
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official noise maps official noise maps 

error margin ± 

5dB(A) 
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Lden vs. Lnight Lden vs. Lnight 

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
http://www.lne.be/themas/hinder-en-risicos/geluidshinder/Geluidskaarten
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official noise data official noise data 
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interpretation interpretation 

note: 3dBÍ is 

barely audible 

(mosquito at 3m 

distance) 
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noise maps through simulation noise maps through simulation 

Åsources covered: 

Åtraffic, train, industry, airports 

Ålimited measurement 

Ådata + propagation 

model Ÿnoise map 
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ÅThe measuring apparatus has to 

incorporate:  

A-filtering 

direct read-out of dB(A) 

LA,eq over arbitrary æt 

calibration 

spherical wind shielding 

read-out of wind speed & direction 

speed registration of passing vehicles 

EU norms EU norms 

from: Reken- en Meetvoorschrift geluidhinder 2006, Bijlage IV, versie aug. 2009 
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noise maps through simulation noise maps through simulation 



44 

overview overview 

1. Sustainability in cities 

2. Sound & noise 

3. Noise maps today 

4. Participative sensing & NoiseTube  

5. Participative noise maps 

6.Next yearôs developments 



45 

state of the art:                        state of the art:                        

Nicolas Maisonneuve, Matthias Stevens & Bartek Ochab. Participatory noise pollution monitoring using mobile 
phones. Information Polity, 15(1-2):51-71, Aug 2010. DOI: 10.3233/IP-2010-0200. 
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state of the art: apps state of the art: apps 

Rana &al, Ear-Phone: An End-to-End Participatory Urban Noise Mapping, Proc. 9th Int. Conf. on 
Information Processing in Sensor Networks, 2010 
Kanjo, NoiseSPY: A Real-Time Mobile Phone Platform for Urban Noise Monitoring and Mapping,  J. 
Mobile Networks and Appl., Vol. 15(4), 2010  
Stevens &al. Participatory noise pollution monitoring using mobile phones. Information Polity, 15(1-
2):51-71, Aug 2010. 

platformplatform  availabilityavailability  
measurementmeasurement

ss  
architecturearchitecture  

EarEar--PhonePhone  Java ME private continuous app only 

NoiseSPYNoiseSPY  Symbian C++ private continuous app+server 

NoiseTubeNoiseTube  
Java ME-

Android-iPhone 
public continuous app+server 

WideNoiseWideNoise  iPhone public on demand app+server 

http://portal.acm.org/author_page.cfm?id=81100048360&coll=DL&dl=ACM&trk=0&cfid=34571429&cftoken=34863791
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Å= adding context to numeric pollution data to 
facilitate interpretation 

ÅSources of noise 

Å subjective perception 

Åactivity 

Å .... anything goes! 

environmental social tagging environmental social tagging 

Users tag sources of noise, perceived 

annoyance, etc. Tags are sent and 

stored with measurement data  

Tags are used to create rich, 

annotated noise exposure maps  

L. Steels & E. Tiselli (2008). Social Tagging in Community Memories. Proceedings of the AAAI Spring 
Symposium on  Social Information Processing. 
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web-based community 

memory 

web-based community 

memory 
  user profiles  (ñelogò) 

social 

networking   

collective 

maps   

tag-based search & exploration  
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individual tracks individual tracks 

51 



 dynamic aggregated maps per city, combining all shared exposure 

data 

collective maps collective maps 



semantic exploration semantic exploration 

ÅSocial & automatic 

contextual tagging 

allows semantic search 

through large data sets 

ÅBookmarkable tag 

queries 
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finding & motivating users finding & motivating users 

54 

  

ÅÅIndividualsIndividuals  
ÅÅpersonal awarenesspersonal awareness  

ÅÅworldwide & universal?worldwide & universal?  

ÅÅso far: limited/scattered resultsso far: limited/scattered results  

  

  

  

  

  
  
ÅÅCoordination is needed!Coordination is needed!  
ÅÅ.. and also necessary from scientific point of view (validation).. and also necessary from scientific point of view (validation)  
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authority-led initiatives authority-led initiatives 

55 
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citizen-led initiatives citizen-led initiatives 
Typical participative scenario: mapping noise pollution in a Typical participative scenario: mapping noise pollution in a 

given area by a limited group of (untrained) citizens: given area by a limited group of (untrained) citizens: 

AdemloosAdemloos   
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comparison comparison 

simulatedsimulated  participatoryparticipatory  

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 
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research question research question 

How do we make participatory noise maps and what is the How do we make participatory noise maps and what is the 

quality one can expect to achieve?quality one can expect to achieve?   

How do these maps compare to current environmental How do these maps compare to current environmental 

surveying methods, which are simulationsurveying methods, which are simulation --based (and rely based (and rely 

only on a limited amount of measured data)?only on a limited amount of measured data)?   

How do we make participatory noise maps and what is the How do we make participatory noise maps and what is the 

quality one can expect to achieve?quality one can expect to achieve?   

How do these maps compare to current environmental How do these maps compare to current environmental 

surveying methods, which are simulationsurveying methods, which are simulation --based (and rely based (and rely 

only on a limited amount of measured data)?only on a limited amount of measured data)?   

implementation 

analysis & 

interpretation  
EU-norms  

data aggregation 
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state of the art: maps state of the art: maps 

measuremeasure

--mentsments  
focusfocus  mapsmaps  

EarEar--PhonePhone  street 
compressiv

e sensing 
street 

NoiseSPYNoiseSPY  city Cambridge city 

NoiseTubeNoiseTube  world 
accuracy, 

norms 
city areas 

WideNoiseWideNoise  
discrete 

points 
? - 
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Åcrowd-sourcing Ÿ massive amounts of 

data 

Ågeotemporal tagging for data 

organisation 

Åprofessional calibration 

Åin controlled environment (anechoic chamber) 

Åin the field  

Åuser-friendliness is an issue 

noise maps through 

measurements 

noise maps through 

measurements 
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measurement equipment measurement equipment 

++  

 

  EU-norms: 
ÅA-filtering 

Ådirect read-out of dB(A) 

LA,eq over arbitrary æt 

calibration 

spherical wind shielding 

read-out of wind speed & direction 

speed registration of passing vehicles 

10x10x  

realistic set of 

phones (from 

eBay) 
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calibration calibration 

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

Applied Sciences, VUB. 



64 

calibration: frequency calibration: frequency 
2 phones tested2 phones tested  2 phones tested2 phones tested  



65 

calibration calibration 
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calibration: frequency calibration: frequency 

Nokia 5230 -0 Nokia 5230 -1 

no significant differences Ÿ focus on 1 no significant differences Ÿ focus on 1 

phonephone  
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calibration: frequency calibration: frequency 

Reference Microphone  Nokia 5230 -0 

there is a dependency on sound level there is a dependency on sound level 

(more Íbetween levels at higher dB)(more Íbetween levels at higher dB)  
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calibration: frequency calibration: frequency 

Reference Microphone  Nokia 5230 -0 

phone follows mike quite well, except for low phone follows mike quite well, except for low 

dB/frequencydB/frequency  

add 6dB globallyadd 6dB globally  
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calibration: frequency calibration: frequency 

Åfor frequency-dependent calibration one 

needs to develop a digital filter, which is 

hard! 

Åsound level dependency points to frequency-

independent technique  

Åcorrespondence between phone & reference 

is good in the domains that matter 
conclusion: digital filter is overkill, use frequencyconclusion: digital filter is overkill, use frequency--

independent calibration technique instead (using white independent calibration technique instead (using white 

noise)noise)  
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calibration: white noise calibration: white noise 

white noise = all frequencies equally white noise = all frequencies equally 

presentpresent  



71 

calibration: white noise calibration: white noise 

Sound Level Meter  

Reference Microphone  

} 

Nokia 5230 -0...10 

10 phones tested10 phones tested  10 phones tested10 phones tested  
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calibration: white noise calibration: white noise 

 
private static final double[][] NOKIA_5230_0 = {{24.64, 30.00}, {25.83, 35.00}, {27.24, 40.10}, {29.05, 44.90}, {35.00, 50.10}, {43.34, 55.00}, {51.84, 60.05}, {59.95, 65.05}, {68.51, 70.05}, {72.92, 

75.10}, {77.02, 79.95},{81.20, 84.95},{85.18, 89.95}, {87.25, 95.00}, {88.84, 100.00}, {90.18, 103.8}}; 

 

private static final double[][] NOKIA_5230_1 = 

{{24.22,30.00},{25.21,34.90},{26.49,39.90},{27.92,45.05},{32.62,50.00},{40.37,55.00},{48.71,60.10},{56.77,65.00},{64.77,69.90},{71.06,75.10},{75.38,80.00},{79.43,85.00},{83.67,89.90},{86.46,94.

60},{86.90,100.00},{90.30,104.80}}; 

 

private static final double[][] NOKIA_5230_2 = {{24.70, 30.10}, {25.93, 35.25}, {27.31, 40.00}, {29.90, 45.25},{36.71, 49.95}, {44.18, 54.80}, {52.94, 59.90}, {61.41, 65.10}, {69.16, 69.80}, {73.53, 

75.10}, {77.62, 80.05},{82.02, 85.05},{86.00, 90.25}, {87.14, 94.90}, {88.64, 100.00}, {89.81, 104.00}}; 

 

private static final double[][] NOKIA_5230_3 = {{24.59,30.00},{26.04,35.00},{27.46,40.20},{30.41,45.20},{37.37,50.05},{45.01,55.10},

 {53.43,60.00},{61.61,65.10},{70.45,71.10},{73.68,75.00},{77.89,80.10},{82.28,85.20},{86.03,90.10},{87.12,95.90},{87.64,100.20},{91.01,104.40}}; 

 

..... 

Nokia 5230 -0 Reference Microphone  

++  
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calibration: in the field calibration: in the field 

Nokia 5230 -0: Reference Sound Meter:  

no wind  

wind  
faulty data  

20 dB(A)  

gap in data  
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coordinated mapping for citizens coordinated mapping for citizens 

We want to map noise participatively in this We want to map noise participatively in this 

area. How do we define such a measuring area. How do we define such a measuring 

campaign?campaign?  
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coordinated mapping for researchers coordinated mapping for researchers 

We want to control as many parameters as We want to control as many parameters as 

possible, to evaluate the participatory technique. possible, to evaluate the participatory technique.   

Åidentical phones 

Åsimplified NoiseTube 

Åidentical tracks 

Åmeasurement technique 

Åensure quantity of measurements 

Åpre-define time & area for measuring 

Åfixed # people 
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protocol: track choice protocol: track choice 
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protocol protocol 

Åchoose time: 

Åweek 1: peak hour (7:30 - 8:30) 

Å week 2: off-peak hour (21:00 - 22:00) 

Å4 volunteers 

Åhow much data/effort? 

Å5 days x 2 tracks per day x 4 people = 40 tracks  

Å5 days x 1 hour per day x 4 people = 20 hours of field 

work 

Å± 1800 measurements per track (1 per 2 sec) 

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

How do we divide the work?How do we divide the work?  
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one map out of one track one map out of one track 

  how do we obtain one map out of many how do we obtain one map out of many 

tracks?tracks?  
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analysis: tools analysis: tools 

40 tracks in xml Ÿ Scheme vector with clean 40 tracks in xml Ÿ Scheme vector with clean 

data data   
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analysis: tools analysis: tools 

40 tracks in xml Ÿ Scheme vector with clean 40 tracks in xml Ÿ Scheme vector with clean 

data data   

...  

(5 21 4 1 66 51.229289850654006 4.380786121046)  (5 21 4 1 66 51.229289850654006 4.380786121046)  
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analysis: grid analysis: grid 

Divide the area into a grid...Divide the area into a grid...  
Åchoice depends on 

#measurements and 

GPS errors 

ÅGPS errors max 8,25m 

for latitude, 11,41m for 

longitude as measured 

at 7 positions in the 

area 

Åwe use a 40m x 40m 

matrix grid to have 

±100 measurements 

per cell 
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analysis: grid analysis: grid 

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


