
Presentatie: Linda Carton, Smart Emission consortium. 
Het consortium Smart Emission: Radboud Universiteit, Gemeente Nijmegen, 
Intemo, CityGIS, Geonovum, RIVM, en een werkgroep van 34 burger-
sensorhouders  in Nijmegen. 

Smart Emission
Proof of concept “citizen-sensor-netwerk” 

Samen luchtkwaliteit en geluid meten met low-cost sensoren



Todays concern in cities worldwide: 
Climate change (long term) and Air pollution (short term)

The Guardian, 17 December 2016

USA: Clean Air Act

Concers and feeling of unease with 

citizens including environmental/ 

climate indifferent citizens



Emissies zorgen wereldwijd voor
luchtvervuiling

Online real-time luchtvervuilingsindex

Mobiele app Chinese steden



Ziektelast door luchtverontreiniging

(Uit: Volksgezondheid Toekomst Verkenning, RIVM 2014)

Ongezond milieu bijna 6%, waarvan luchtkwaliteit ca. 5% en geluidhinder ca. 1%

Blootstelling aan fijn stof leidt in Nederland tot gemiddelde levensduurverkorting 

van ca. 12 maanden.



Gemeente Nijmegen: Continu verbeteren van luchtkwaliteit



Ruimtelijke context: 

Nieuwe brug en rondweg S100 nabij

haven en groot binnenstedelijk

industrieterrein Nijmegen-West

Zorgen over verhoogde uitstoot bij 

bewoners

Bestuurlijke ambities College B&W: 

• Blijvend werken aan verbetering en

gezonder milieukwaliteit in de stad, ook

lokaal. 

• Ook voorbij de huidige normen en

grenswaarden kijken. 

• Participatie en transparantie nastreven, 

inhoudelijke dialoog voorkeur boven

(Raad van State) proceures.   



Governance filosofie
bestuurlijk perspectief op Samen Meten met burgers in de stad

Burgerparticipatie: 

• Focust op inhoud en op inzicht door meten

• Werkt constructief, kennisinstellingen, burgers en bedrijven werken samen

• Goed voor democratisch proces, vaker contact met burger: werkt

empowerend

• Kost tijd en investering

• Focus ligt niet op juridische grensgevallen;  dan expertmeting (volgens

juridisch vastgesteld protocol) nodig voor grenswaarde bepaling



Illustratie: Anke Nobel

Kern idee Smart Emission
co-creatie, experimenteren met het bouwen van een burger-sensor-netwerk in de stad.  



Onderzoeksvragen Smart Emission

1. Kunnen goedkope sensoren informatieve meerwaarde toevoegen aan het 

fijnmazige beeld van luchtkwaliteitsindicatoren in de stad?  

2. Werkt het concept van het burger-sensor-netwerk? – Test proof of concept  

3. Werkt het idee van gezamenlijke sense-making met burgers en experts?  

4. Opent dit idee mogelijkheden voor milieu-geïnformeerd stadsbeleid?  

5. Reflectief: Is er een verandering merkbaar inzake bewustwording en gedrag;                   

treedt er een verschuiving op in de houding en relatie tussen (a) overheid en burgers, 

en (b) burgers onderling,  in relatie tot specifieke casuïstiek?



Benadering en onderliggende filosofie

1. Inclusive Citizen Sensing: 
• Transparantie and ‘democratisering’, laten deelnemen van burgers aan monitoring in de stad
• Citizen-sensor-networks, voor fijnmazige metingen in ruimte en tijd 
• Beoordelen van de fijnmazige metingen relatief ten opzichte van grootschalige data & modellen 
• Kosten-effectieve milieu monitoring, Open Data

2. Towards Sustainable Cities: 
• Waarderen van mensen hun gezondheid in de stad, door ‘externaliteiten’ (side-effects)  te meten
• Ondersteunen om het dagelijks gedrag te veranderen, door te experimenteren en maatregelen te 

testen (real-time)

3. Smart Governance: 
• Visualiseren van de ‘urban footprint’       
• Koppelen van kleine informatie cycli (feedback data) en grote cycli (info pompen door modellen)



Participatietraject, Roadmap Smart Emission pilot  2016

(test of proof of concept, met geplande deelnemersbijeenkomsten tijdens pilot)

9 Januari 2016: 1e Bewonersbijeenkomst :  “Pilotfase 1” 

1 maart 2016: 2e deelnemersbijeenkomst, uitrol sensoren 

26 mei 2016: 3e deelnemersbijeenkomst, presentatie voorlopige resultaten van de pilot

Zomervakantie

September  - oktober 2016: mogelijk verplaatsen van de sensoren; “Pilotfase 2”. 
Kalibratie en tussentijdse evaluatie (17 sept  Fietsronde, 21 september evaluatie) 

November: 4e en 5e bijeenkomst: Discussie over resultaten
Twee avondcolleges: over Geluid  en over Luchtkwaliteit (16 en 24 nov).

December 2016: Einde pilot.   

Januari 2017: Slotbijeenkomst en ophalen sensoren.   Vervolg in 2017. 



1e burger bijeenkomst



1e sensor



2e burger bijeenkomst



Fietstocht in september langs sensoren



Fietstocht in september langs sensoren



Fietstocht in september langs sensoren



Fietstocht in september langs sensoren



Fietstocht in september langs sensoren



Fietstocht in september langs sensoren



Sensordata: stagiaires
en masterstudenten
presenteren analyses 
tijdens avondcolleges … 



… aan bewoner-sensorhouders en projectteamleden



Forum



Sensor Jose (binnenwerk)

Made by: 

Sensor: Janus Hoeks & Antoine van de Cruyssen, Intemo.  

Intemo

Data die Jose sensoren doorgeven: 
NO2 (Stikstofdioxide)
Ozon
CO2 
Geluidsdruk (in frequentiebanden) 
Trillingen (x,y,z)

Barometer
Altimeter
Luchtvochtigheid
Temperatuur (buiten)
Temperatuurcompensatie (intern)

Lichtintentsiteit reflectie
Luchtkleur

Datum 
Tijd
Lokatie y (Latitude)
Lokatie x (Longitude)

Voeding status
Foutmeldingen status
Base timer
Tijdsduur sessie
Serienummer van sensor









De participatieladder



Citizen participation and network monitoring for
governance/planning

Mathe Ellen Klein Gunnewiek 

(Master thesis project): 

• How does the Participation

Network function?

• Based on a theoretical

framework on Voluntary

Environmental Monitoring 

(Lawrence, 2006)

Elements:

• Internal and External

knowledge, explication (coding) 

and internalization (attitudes, 

relations, culture) 

• Motivation, engagement and 

empowerment

• Observation, learning, collective

sensemaking
Conceptual model Lawrence, 2006



Waar staan we nu? 



Ellen Klein Gunnewiek, 

Master onderzoek spatial planning



Data infrastructuur en “Viewers”  (dashboards)   Smart Emission sensor data 

Portal:

http://www.smartemission.ruhosting.nl

Viewers:

http://smartemission.nl/smartapp

http://smartemission.nl/heron

http://whale.citygis.nl/sensorviewer2

Nieuw: 

http://apollo.imagem.nl/SensorSmartMapp/

Data Platform: 

http://data.smartemission.nl/

http://smartemission.nl/
http://smartemission.nl/smartapp
http://smartemission.nl/heron
http://whale.citygis.nl/sensorviewer2
http://apollo.imagem.nl/SensorSmartMapp/
http://data.smartemission.nl/


Whale SmartApp Heron

SOS

“Verfijnde

Data”

Ruwe data 

(Per 10 seconden)

Open data

Historie, bewaren van uurgemiddelden

Data infrastructuur

Just van der Broecke, Geonovum



Just van der Broecke, Geonovum

Bouw Spatial Data Infrastructuur: Data platform



SmartApp

Viewers Smart Emission sensor data 

http://smartemission.nl/smartapp

http://smartemission.nl/smartapp


Nieuwe Viewer door ImageM: 

SensorSmartMapp/

Data fusion (smart emission en verkeer)

https://mail.ru.nl/OWA/redir.aspx?C=1HcITTNAxZ9DvBKS81JtgFQm11lrMnTyTvp8635gjTjRsDd29hfUCA..&URL=http://apollo.imagem.nl/SensorSmartMapp/


Geluid metingen (24/7,  7 dagen per week)

Viewers   Smart Emission sensor data 

http://smartemission.nl/heron

Heron
viewer

Whale
viewer

http://smartemission.nl/heron


Piek in NO2 waarden (uurgemiddelden) kunnen terugzien



Piek in NO2 waarden bereikt (uurgemiddelden)



Meetresultaten:
Ozon, dagelijks patroon waarneembaar

Ozone is gekalibreerd

m.b.v. andere

metingen: 

• O3resistance

• COresistance

• NO2resistance

• Temperature.ambient

• Temperature.unit

• Barometer

• Humidity

Zoi Katsamani en 

Linda Carton



sensor 57 

(Groene-

straat)

hogere

waarden O3 

dan sensor 

46 (Sint 

Annastraat). 

Ander patroon 

dan in een

reguliere

week:

Ozon lager 

dan normaal

(21/7, 22/7, 

23/7, 

donderdag, 

vrijdag en

zaterdag in de 

Vierdaagse

week.) 

s46

s57

Patroon ozon meting tijdens Vierdaagsefeesten

Voorbeeld analyse data uit sensornetwerk

Zoi Katsamani en Linda Carton



Geluid, eerste gebruikerscases analyses  

Geluid op 5 sensorlocaties,  gedurende 10 dagen. 

Resultaat: Een dagelijks patroon is duidelijk zichtbaar. Ook ligt de geluidsdruk op de 

lokaties, zoals verwacht, op verschillende niveaus. 
`

Zoi Katsamani en Linda Carton



Tijdreeksanalyse voorspelling O3 door Jose sensor t.o.v. RIVM meting

Pieter Marsman en Paul Geurts



Scatterplot voorspelling door Jose sensor t.o.v. RIVM meting

Explained variance O3 = 91%   

O3 goed,

CO2 offset (oplossing)

NO2 minder (ander sensing device?)  

Pieter Marsman en Paul Geurts



Conclusions (English)

Idea of fine-grained urban citizen-sensor-network:

− Proof of concept: the citizen sensor network can be used to see and signal variations and

increases of emissions and noise in the city, with dynamics in space-time.

• Sensors implemented in field, new  data infrastructure works. Ongoing, 24/7, with breaks 

• Data can be viewed and analyzed by  experts as well as citizens, available as Open Data and data interoperability 
standards.

– Active citizen-sensor holders join in the collaborative learning and sense-making process
• “Collective sense-making” implemented in practice, making ‘intangble’ environmental urban qualities visible

• Identity building: a citizen scientist working group is forming, continuing in 2017 (after pilot project has finished)

• Roles and attitudes: There seems to be more trust than in the beginning among critical citizens (final survey)

Technologic infrastructure:

– 1st generation sensor works

– Calibration: Ozon (O3) well, CO2 has offset (can be solved), NO2 not so good. (other NO2-device in sensor station?)

– Data: De Open Data approach and standardised Sensor Data Infrastructuur invites more options in data presentatie.

See http://data.smartemission.nl/

45

http://data.smartemission.nl/


Process of Sense-making 
in participatory monitoring

Participatory setup: 

• Issues/goals

• Monitor/ observe

– Measure [unit 
of analysis]

– Classification 
system

• Viewing and 
Interpreting

 apply informed 
consent 

 Sensor-holders 
consent in 
participation
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Long feedback loops and 
reflection of relations: 

• Social learning across 
organizations:

– Relation to existing models, 
norms and institutions 

– Sustainability of the network 
itself, identity building 

– Legitimation of rules of work, 
resources for maintenance, 
organization

=> Roles between citizens and 
government: 

– Self-organizing or co-creation 
between civil society and 
(city-) government? 

– Using new data infrastructure 
(and big data) for new apps

=> towards planning: study 
‘local use cases’  



Sense-making, informed  consent and roles in citizen 
participation process

• Clarifying difference between policy objective and research objective 
– this context is a research project – data-inquiry technically, then interpretation-

meaning construction with citizens,  contextualization
– Informed consent obtained in participatory process: social contract

• Monitoring with citizen science, experts and government: 
– Added value,  practices by using a Citizen Sensor Network? 
– Data accurate, valid? Data useful in hand of a diversity of users, with conflicting 

beliefs and worldviews? 

• Thoughts on collaborative sense-making, citizen science, social-technical 
validity 
– Open Data approach:  Openness, Transparency, Trustworthiness 
– a subjective approach to sense-making,  should involve evaluating questions of 

trust, legitimacy, accountability?
• Accountability: Not only city government can be held accountable, also neighbour citizens.
• Trust: Trust in data and in each other, building a relationship of understanding, professional-

citizen and citizen-government. 
• Legitimacy: can models of governance gain legitimacy in view of citizens (broader citizen 

participation?)



Summarizing results (English)
January 2017

Proof of concept is positive: The citizen sensor network can be used to signal space-time

increases of emissions or noise.

– The basic concept is applied in and has showed to be working in practice, as envisaged in theory.

• Further study is considered, both in improving the application, organizing the maintenance, and create technical improvement as

well as calibration improvement and measurement continuation (some sensors have downtimes, ‘the data timeseries show holes in

the data’).

• And further study is considered in the social and governance dimension of the project, with applying citizen science and

experimenting with Use Cases, developing a new participatory relation between private and public institutions. (PPP/ cooperative

network organization)

– Sensor network: As this is a first-design sensor, a second-design version could be further optimized.

Further study seems promising; For example on the dimension of government-citizens cooperation,

accuracy and calibration process, sensor data visualization, use practices and applications

– Citizen Participation results; active citizens have asked for these Evening Lectures to learn about

Noise and Emissions in the City, and how to measure and interpret collectively with citizens and

experts, applying collective sense-making in practice on these intangible qualities of the urban

environment



Conclusions on calibration (English)

 Based on discussion on calibration (based on P. Marsman): 

 O3 calibration seems to be successful. 

 NO2 calibration not yet so successful. More data calibration and data 
analysis for NO2. Notes discussion: Consider another, more costly NO2 
sensing device for the next generation of Jose sensors. 

 CO2 shows similar patterns observed by sensors, a systematic offset 
per sensor is found, a new automatic sensor calibration procedure is 
built in the sensor software, for more accurate measurements across 
sensors. This is rolled out across the sensor-network in januari 2017.  

 Suggestion for further research: 

 Calibrate in 4 seasons, thus continue the calibration process to 
reach a one-year cycle of measurements included. 

 Add a number of higher-quality air quality measurement boxes at a 
few places that are of special interest, like Groenestraat.



Suggestion for further study:  

 Citizen organization:  It is envisaged to organize a working group of citizens who will continue to 
monitor  with the Smart Emission sensor network, after the project has finished.  A public-private 
partnership with city-government, knowledge institutes and organized citizen-working group will 
continue to use and maintain the citizen-sensor-network. 

 Coverage: More sensors in the city center would help to get a clearer picture of city-center activities 
and its effects on noise and emissions.

 Visualization: It could be worthwhile to make a spatial interpolation of emission levels across the city, 
to find out if we can indeed visualize the dynamic peaks and the ‘heavy blanket’ behavior of gases 
(CO2) through the city with its spatial variations and dynamics in time. 

 Data: The Open Data approach and standardized Sensor Data Infrastructure (using formats like the 
SensorThings API) invites more options in data presentation. 

 Data science: Possible future avenue for calibration research, for instance with longer timeseries for 
neural network training, and combination of data in spatial network approach:  Possibility to use  ‘2nd

order data’  of additional measurement boxes like Osiris for validating the ‘3rd order data’  of the many 
small sensors, using RIVM LML-stations as 1st order reference base. (Idea for data scientists and 
measurement-validation research, using 1st, 2nd and 3rd order data for a network-analysis approach 
using sensing data of different sources.) 

Recommendations for further study (English)



Resultaten tot nu toe:  http://smartemission.ruhosting.nl/project-documents/

http://smartemission.ruhosting.nl/project-documents/

