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Intro NOVLIAS

“project EU en gemeenschappelijke voorzieningen, onderdeel van
het programma INSPIRE in Nederland”

©2014/2015 - SOSPilot - RIVM (oa Hans Berkhout)
http://sensors.geonovum.nl

©2015-2017

1.Smart Emission Nijmegen
http: .Smartemission.nl

2. AirSensEUR Workshop Ispra
3. OGC SensorThings API (SensorUp, Steve Liang)

¢2017-2018
4. Smart City Living Lab (Intemo, Hans Nouwens)
5. Placing 5 AirSensEURs in NL en connect to SE (EU JRC, RIVM)
6. SE Platform Migratie naar PDOK


http://sensors.geonovum.nl
http://data.smartemission.nl
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Smart Emission

Inclusive Citizen Sensing

= Citizen-sensor-networks for fine-grained measurements,
with new low-cost sensing devices

= Transparency and democracy of pollution monitoring,
‘making the externalities (e.g. noise, air pollution) visible

= Cost-effective environmental monitoring, Open Data.
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Th e S ma rt re S i d e nts well-informed residents create solutions themselves
o




Case: Environmental health in Nijmegen
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Issues and questions to deal with

1. Deployment of a local air quality network using low-cost sensors

- What is the quality of low-cost sensors in general?

- Which type of low cost sensors to deploy?

- How to calibrate the low-cost sensors?

- How many and at what locations (spatial pattern) to deploy the sensors?

- What data platform for data collection and distribution?

- Which standards for data acquisition and distribution?

- Which (interpolation) models for further processing air quality data?
- How to visualize the results?

2. Involvement of citizens in the deployment and maintenance of the sensor network

— Which method to use for citizen engagement?
— Do we need to train citizens to deploy and maintain the sensor?

3. Involvement of citizens in the analysis of the results of local air quality monitoring

— How to engage citizens?

— How to preprocess and visualize the data for citizens?
— How to interact with citizens?

— How and when to meetup with citizens?

— What applications will the citizens need?
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Which type of low cost sensors to deploy?
Quality and price

National Air Quality

Aireas
“Airbox”

Smart Emission
“Jose”

»
>

Number of sensors applied in a city
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Jose Multi-Purpose Sensor Station - Intemo
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GEONOVUM
Open Data!

Radboud Universiteit €Y
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Data open available for citizens,
researchers, students,
government, companies, ...

Data available for download in
tabular and (OGC) geospatial
formats:

WMS-Time

WFS

SOS

STA
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Data Platform
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SE Platform Q Client EaEE
The Big Picture Apps /Viewers
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Sensors

Collector APIs
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- SE Platform
The Big Picture Q

Client
luchtrad
Decoupling, data push AppS

&pull via Data Collectors

‘Data
Collectors



i | T Y Y =y (Current Values)
Dataflow WMS WEFS SOS Y JA SOSEmu
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Outbound

CityGlIS Data Intemo Data RIVM LML
Collector Collector ] SOS

Influx
HTTP

Sensors




Smart Emission NL PD med
?f;fé Rijksinstituut voor Volksgezondheid O op""ekaa: ng

Big Picture

Sensors




Dataflow
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APIs

Rijksinstituut voor Volksgezondheid
S8 en Milieu
Minkterie var Volksgezondheld,
Welzijn en Sport
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Data Architecture with 3-Step ETL ,”

GEONOVUM

OGC

Making location coum,
WA P epRonpetid org

InfluxDB
SOs Harvester
Harvester

CityGIS Intemo
RIVM SOS
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Platform Functioneel: Lagen ’A
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Heron Smart Websit
Web H Grafana 52N0|'th data.sm:aer'tesrr:is(:ion.nl Beheer
Viewer App SOSViewer
ApDS GeoServer GOST
ppServers STA

Processing : i SOS STA
Harvesters

CityGIS SOS InfluxDB
Harvester Harvester Harvester




Smart Emission
.* Docker Deployment

kubernetes

LEGEND
Proxy
Web App
Services (OGC OWS)
Databases

Data Proc/ETL

ecOo0oe

—# Docker Networking
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http://data.smartemission.nl (data platform)
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Kalibratie ETL
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How to calibrate the low-cost sensor for air quality?

Calibration at two national air quality locations by
and in the City of Nijmegen and in laboratory setting
at the National Institute of Environment and Health
(RIVM)

ljmegen

PR Rijksinstituut voor Volksgezondheid
& en Milieu

Mirlsterie van Volksgezondheld,

Welzijn en Sport
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ETL Implementation Details

e Python
e Stetl “Streaming ETL” - base ETL framework: http://stetl.org
¢ Docker deployment
¢ Crontab scheduling
* Open Source: https://github.com/Geonovum/smartemission/tree/master/etl
e Artificial Neural Networks (ANN) for Gas Calibration (by Pieter Marsman)

- R (preprocessing) Input Hidden Output

- sklearn http://scikit-learn.org \ayer layer loyer

Input #1

Input #2
+ Output
Input #3

Input #4



http://stetl.org
https://github.com/Geonovum/smartemission/tree/master/etl
http://scikit-learn.org
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Calibration ETL

Componenten

InfluxDB - timeseries database
Grafana - Dashboard voor visualisatie

Functioneel

Harvesting van RIVM LML data uit RIVM SOS

Kalibratie via ETL met ANN Models in PostGIS

Publicatie vanuit AirSensEUR naar InfluxDB

Ruwe en gekalibreerde data beschikbaar via InfluxDB en Grafana
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OGC‘ Datastroom Calibratie —
Making location coum,
STA WMS WFS e InfluxDB API Grafana

ANN
Kalibratie

| RIVM 52N SOS (REST)\ | Jose Intemo Data I
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RIVM LML in InfluxDB M
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Grafana Dashboard + InfluxDB

ML amir tamssionnl

22 Caltension 2 Jow

Compers FOUM LML with Caltraied Jose Dt

NO2 Uurwasrden - Nimegen Graafseweg - In mpm3

w ROV Snanor NLOOTE ! Oraatsewng = SE Oraatseweg Stamon 55 Catrates

NO2 Uurwaarden - Nijmegen - de Ruyterstraat - in mg/m3d

- ROV Stator NLOOTE? RSrsras! = SF Rutersiast Ssator &5 Caltrased



Grafana Dashboard + InfluxDB

eI 214 2N% Fa L

== RIVM Station NLOOT42 Ruyterstraat = SE Ruytorstraat Station 45 Calitratod

Smart Emission NO2 - RIVM + SE alles ( kitk op station in logenda om alieen die te zien, shift-idik v meerdere)

213 N4 NS 216 217 218 219 220 Fird) 222 223

= osareficad mosn (station: 13} = jcserefinnd moan (station: 16) = oserefined. mean (stasion: 17} = osersiined. mean {station: 18} ~ joserslined mean {station: 18} Josarelined mean {station: 20}
earefivod mosn (station: 23) Joserefinnd moan (station: 24) josesefined. mean (station: 25} = josersiined. mean {station: 26) josaroiined mean {station: 30} esarelined mean {station: 31)
Josarefived mesn (station: 32} Joserefinnd moan (station: X)) josecefined. mean (stason: 34) joserviined. mean {station: 35} == josereiined mean {station: 37} == jossrefined mean {station: 39}

= ossrefived moan (SSation: 41) == joserefined moan (station: 42 = joserefined. mean (staion: 45) = josersiined mean {station: 46} = josersined mean {station: 55} = ssrelined mean {station: 57}

= joserefirod moan (station: 62 = joserefined moan (station: 70} = josecefined.mean (stalon: 72} = josoreined. mean {station: 73} josarofined mean {station: 74} Jsarelined mean {station: 75)
Joserefirod moan {station: 78) oserefined moan (station: 77} = josesefined.mean (station: 78} == josereiined. mean {station: 78} == josaroined mean {station: 80} == josarefined mean {station: 81}

— rhem.mean {station: nifmegen_grasiseweg) = rivim.mean {SSation: nimegen_ruytersirast) = rivimmoan (station: Urecht_de_jongweg) == rivimmoan (station: utrecht_oczofstrast)
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OGC SensorThings API



. OGC SensorThings API .

Showcase Modern Standard

(REST) APl-based: HTTP Verbs

Data Model First Class Citizen

JSON Encoding

Public Versioning (GitHub)

APl Implementation Examples



ObservedProperty

Sensor +name: CharacterString

- +definition: URI

_ +name: CharacterString LT .
+description; CharacterString _ +description: CharacterString
+encodingType: ValueCode

SensorThings API
) Model

+metadata: Any 1 | +observedProperty
y | *sensor
0..* | +datastreams
Observation
+datastreams Datastream .
+name: CharacterString +phenomenonTime: TM_Object
0..* |+description: CharacterString +datastream +observations | *TesultTime: TM_Instant
+observationType: ValueCode +result: Any
0.+ |*+unitOfMeasurement: JSON_Object 1 0.+ | *resultQuality: DQ_Element(0..*]
+observedArea: GM_Envelope[0..1) +validTime: TM_Period[0..1]
+datastreams | +phenomenonTime: TM_Period([0..1) +parameters: NamedValue[0..*]
+resultTime: TM_Period[0..1)
0. FORSEVIRONS
1 +thing
Thing
- +things
+name: CharacterStnng
+description; CharacterString 1 1 | +featureOfinteres
+ 1 JSON t[0..1 ;
properties _Object(0..1] «CodeList» FeatureOfmerest
0.+ 0..* +historicalLocations ValueCode :
- +things +name: CharacterString
HistoricalLocation +description: CharacterString
a +time: TM_Instant +encodingType: ValueCode
0.. +locations ime: _Ins +leature: Any
Location 0..* +historicalLocations
+name: CharacterString +location
+description: CharacterString

+encodingType: ValueCode 1.*
+location: Any




SensorThings API

Entity Mapping

Data records produced by the Refiner are mapped to STA Entities by the STA Publisher.

SE Artefact

Station

Station point location
Sensor Type/Metadata
Type and unit (uom)
Value and time
Combination of above
Station time+location

Station Area

STA Entity

Thing

Location

Sensor
ObservedProperty
Observation
Datastream
HistoricalLocation

FeatureOfinterest

Example

Intemo station AirSensEUR Box

AirSensEUR Box location at 4.982, 52.358 lon/lat

AlphaSense NO2B43F

NO2 in ug/m3

42 ug/m3 on 1 aug 2018 13:42:45

Combines T, S, OP and O

AirSensEUR Box at lat/lon 52.35,4.92 on on 1 aug 2018 13:43:26

Location of Station 11820004
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Bevindingen

Probeer online community te faciliteren
Onderschat kalibratie niet

Ontsluit met meerdere standaarden: WMS-Time, WFS en
SOS, STA (WCS)

Facilities bulk download in meerdere formaten:
GML, JSON, CSV, Excel etc

Bulk download prima via WFS
SOS verbleekt bij STA

Docker maakt deployment eenvoudig
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Dank Ut Contact W
Links: GEONOVUM
Michel Grothe, PhD
Smart Emission platform making sense for society
http://www.smartemission.nl (website 10616294 72 |
http://data.smartemission.nl (data platform) wffenoupmt sty
https://github.com/Geonovum/smartemission (broncode) S
http://smartplatform.readthedocs.io (documentation) p'i',

Making Sense for Society
http://www.geonovum.nl/onderwerpen/sensor-geo- o Unteeretici @ ""‘Umcgm

informatie/algemeen-living-lab-internet-everything
| 4
AIA Intemo

. . . INNOVATIVE TECHNCLOGY In MOTION
We would like to acknowledge for their valuable input: ~ “"“NOVUM

All partners of the Smart Emission Consortium 0)
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http://www.smartemission.nl
http://data.smartemission.nl/
https://github.com/Geonovum/smartemission
http://smartplatform.readthedocs.io
http://www.geonovum.nl/onderwerpen/sensor-geo-informatie/algemeen-living-lab-internet-everything

