Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin
National Metrology Institute

v «"". -
-t i ¥
o . o "
A Y.
| ' i‘ j o
I >l
I o | ID
7~ ‘ :
ki “ Jk Wil il 7 )
3 '.’. I vIE IS

-~

Sensor Networks In future cities

FORUM-MD Workshop on Metrology for

Complex Sensor Networks .
Barbara Jung, PTB




Systems Metrology — Overview

Systems Metrology.

Accreditation & Conformity Assessment

Quality Infrastructure
»  Provision of Methods

System

Extension of metrological functions
to systems

Impact Level
Data
:8 I8 = Data Quality

+ Assessment of Al E Actors ! % Actors ECD Actors
Test & "‘.
Validation

Training &7 .‘-

»
&

System guantities and -metrics Artificial £ System {— .
- e T faaval yste H ]t Algorithms
* Metrological Foundation Intelligence ./ Quantity ey
+ Assessment tools
e, Processing Level
'= Systems Modelling e,
= Data- and model based :
N . AR "
technigues, H

®
B L @® = &5

Sensor Level

Requirements to the System

From Sensor to Network
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Systems Metrology in Future Cities PTB

Societal Interaction

Communication of measuring * Trust in data and decisions
data and their reliability made upon them
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Models and Metrics

Measuring data based system * Metrics for assessment of
models -> reliable predictions complex systems
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Data and Metadata

Data infrastructures with built " " Metrological data quality \
in metrological metadata information -> reusability

Sensor Networks

Uncertainty propagation « Automation and machine
Calibration approaches processability
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Sensor networks in future cities - Examples PTB

Smart Traffic Management:
* Traffic Light Control

* Parking Space Management

Water Management:
* Leakage detection

*  Waste water quality

Air and Environmental Control:
* Central air quality control

* Noise monitoring

Smart Buildings/Infrastructure:
* Indoor climate monitoring

* structural monitoring

Waste Management:

* Waste bin filling level control

Energy Management:
* Smart Grids energy flows

e Publicillumination

Safety and emergency:
* Public space monitoring

* Early warning systems




City sensor networks - Example PTB
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Supplementary data EEP1B

© + Static data: Building infrastructures, street layouts

« Statistical data: historical data, population density

$ " - External data sources: Satellite data, weather data

 Citizen science: Feedback, wearables, sensor stations

¢ * Digital twins



City sensor networks: Example EEP1B
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City Sensor Networks EEP1B

» Sensor networks in cities allow for more flexible and less stable (therefore
I cheaper) infrastructures.

« Sensor networks give a multifaceted image of cities.

? » How can scaleability and interoperability be ensured?

What are high-level metrics that can be derived from sensor networks
measurements?



Data Infrastructures — Systems Engineering EEP1B

« Systems engineering lifecycle for a data management architecture

« Taking into account stakeholder requirements as well as metrological metadata
requirements for data reusability and FAIRness

* First Use Case energy data

« Testing field for smart city data infrastructures integrating metrology
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FIWARE E2PIB

« Framework of Open Source Platform components, often recommended as

interoperability solution for smart city data
« Used to implement smart city solutions and data infrastructures by several model
smart city initiatives, such as Vienna, Living-in.eu, India Urban Data Exchange

Platform, City Data Hub Platform South Corea, FZ Jllich

* Provides Smart Information Models for providing and querying data f=—
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FIWARE Smart Data Models

(9 DeviceWithDSLjsonld [ 1.98Kig

e o Augmenting FIWARE Data

4 “category": {

g Models by metrological metadata

1{
11 “@type": “"DateTime",
12 “Gvalue”: "2014-09-11T11:00:002"

14 ¥,
15 “controlledAsset": {

16 "type": "Relationship",

1 "object": ["urn:ngsi-ld:wastecontainer-Osuna-100"]
18 ¥

19 "serialNumber": {

.
23 “refDeviceModel": {
“type": “"Relationship", x
25 “object": “urn:ngsi-1ld:DeviceModel:myDevice-wastecontainer-sensor-345" B {

[ expandedMU.jsonld [ 1.40KiB

9]

26 i 2 "id": "urn:ngsi-ld:expandedMU:expandedMUV1",
27 “controlledProperty”: { z " e on "
28 “"type": "Property", 3 type": "expandedMU",

“value": [“relativeHumidity", "temperature", “atmosphericPressure"] 4 “valueExpandedMU": {
30 k, < " We o w "
5 ki 5 type": "Property",
3 “Property", 6 “value": 0.5

: ["http://person.org/leon"] 7 }
34 |3 '
35 “deviceState": { 8 "coverageFactor": {
PP?gertv". "type": "Property",
L — 10 "value": 2

; “ControlledPropertyDSIUnit": { 11 ).
40 “type": "Property", ) " =n3 [
41 “value": ["\\one", "\\degreecelsius", "\\kilogram\\metre\\tothe{-1}\\second\\tothe{-2}"] BR coverageProbability": {
42 } 13 “type": "Property",
43 Cnn:r*aufuPr:nper'tYDSIUr.\clertalnty = { 14 "value": 0.95
R type": "Relationship",
45 “object": ["urn:ngsi-ld:expandedMU:expandedMUHumidity", "urn:ngsi-ld:expandedMU:expandedMUTemperature” 15 },

16 "distribution": {
17 "type": “Property",
1¢ "value": “"normal"

19 k.
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Human as a Sensor — Measuring Well-Being EEP1B

 Environmental sensor network information

as characterization of office conditions

* Psycho-metric methods for assessing

reliability of human feedback

12



Human as a Sensor — Measuring Well-Being EEP1B

quantity:
well-being
environmental / \ measurable
parameters specifications
# measurement measurement %
{ object: instrument: }
influence " influence
quantity | \ / quantity 11

measurement
method:
surveys

|

value estemate

office spae human

« Characterizing human as a sensor

« Measuring model for complex (high-level)
guantity ,perceived office climate”

* low cost setup — quality needs and

metrological quality assessment

Vivien Peltason: vivien.peltason@ptb.de
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