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1. Introduction

Introduction

 Increasing number of sensors
« Sensor web

« Allows better understanding and management of our
environment

7
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1. Introduction

Understanding the sensor web

 Sensor Device to measure physical quantities and
transforms them into electrical signals

 Observation Active acquisition of information from a
primary source

« Sensor Web  Group of interoperable web services which
all comply with a specific set of sensor behaviours and
Interfaces specifications

« Standard Formulation, publication, and implementation of
guidelines, rules, and specifications for common and
repeated use, aimed at achieving optimum degree of order
or uniformity in a given context, discipline, or field

%
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1. Introduction

Sensor data In the built environment

Why important for citizens?

 Use and reuse of sensor data In
applications

* Objective observation of phenomena
« Measure life quality

Why important for sensors maintainers?

« Updated technical sensor information

« More time efficient sensor maintenance

« Maintenance and configuration at distance

%
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1. Introduction

Understanding sensor data

« Sensor data accessed In applications
« Transformation required:

- { -

15 Parts/ J __ PY . @
(((0))> 18 KOhm ilion AJ , » "...l‘

Sensor Database Interface Citizen
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oo Problem statement

» Current situation

' Database

Interface No
Interoperability

Database

Interface

Database

Interface
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oo Problem statement

» |deal situation

Sensor A Standardisation \

Interoperability

Database

Interface

7
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oo Abundance of standards

 Sensor Alert

» SensorML Service * Sensor Observation
Service
* Observations « SemSos
& « Generic Sensor
Measurements Api
. * Sensor Event
« Semantic service

Sensor Network |
» SensorThings API

* SensorML  |EEE 1451
 Sensor Planning

 Pub/Sub Service

7
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3. Research
scope

7
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Research scope

« Create Insight:
— Define requirements
— Research Sensor Web'’s technical capabilities
— Create UML model
— Order standards

Use case supported research

Towards interoperability between standards

10



3. Research
scope
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Research scope

==

Interoperability
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4. Research
question
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Research guestion

« To what extent is there an alignment of existing sensor
standards for describing observations and sensors,
and how can the standards be harmonized further?
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5. Methodology

7
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Work flow
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Commonly used

standards

Desk research Align standards

Use case specific
standard

Interviews Define

Reconsider
requirements

Evaluate and
draw
conclusions

Validate data
model

Data modeling
(UML)

requirements

Research &

Preparation
use case

|
|
|
|
|
stakeholders |
|
|
|
|
|

1
1
11
1
Validation |/
11

Evaluation

Prototyping
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Preparation & research

* Desk research

— Use cases

— Technical capabilities standards
5. Methodology — Data structure/ semantics

* Interviews
— Demand citizens/ maintainers
— Supply developers
— Technical requirements

7
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______

Commonly- & use case S
specific standards S
Commonly: — 5

- 5 Standards are compared

» Selected on:
— Relevance for the use case
— Frequency of hits on google

5. Methodology

Use Case Specific:
— Depending on the Project Team

=2
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| I Commonly used
standards

1
! I
! I
! I
! I
! I
. I /I X I
n m n 1 ] | ]
A I g e t || Desk ressarch I: Align standards : b L
|
: Il Use case specific I 1 !
standards | |
1 I | 1 1
! [ | ! I
I I I 1 ! I
1 I | : 11
| Interviews I 1l
. ] stakeholders —TIL Define requirement: : | 1
1 1 1 | 1
 Based on technical | | | | 1
! . Iy Research& | L o I .
| Preparation || |' Prototyping | Validation 1! Evaluation
1

use case

requirements Lo e e e

Requirements
Sensor data
View sensor data

5. Methodology

download sensor data

Last value data

Time series data

Data requestable interval

Data requestable point in time
Sensor spatially dispersed in map
Clear units of measurements
Scales if required for measurement
Select sensor by clicking

Select sensor by geometry
Charts for sensor data

Metadata sensor

Battery status

Wifi status and network
Sensor health

Sensor name

Last maintenance
Frequency of measurement

7
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UML model

standards
\ [
Desk research I Align standards
ase specific /

—l

Interviews
stakeholders

o

£
o

2

o= = =

« Unified Modeling Language

Research &

Preparation use case Prototyping : Validation :: Evaluation
L S | T e
 Structure diagram
» Basis for standards _
5. Methodology = Observation
£#Time: UTC
+ Phenomenom: str = Sensor
+ Frequency: int e + Sensor typs: str
+ Unit of measurement: str N + Haalth: boolean -
+ Value: float 0..* + Software Version: str
#Date: Date + Sensor ID: sir
+ Constraint: depending on + Battery status: str
phenomenom, valee is optionally used
in ascale and if & is above or below a
threshold an action can be triggered

%
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Validation of the UML model

» Check the technical requirements
In all available applications
— One functioning sensor

5. Methodology — One time frame

— One indicator

If necessary: improve the data model

]
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Evaluation of the use case

* Feedback for the Sensor Web,
based on the use case

5. Methodology

]
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6. Use case

7
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Use case

Nijmégen

Renovated
bridge

Nijmegen

Source: Smart Emission project
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6. Use case

7
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Use case

* Use case
— Citizen participation
— Create Insight into environmental factors
— Wish to standardize the data flow

Current situation:

— Three applications
Towards:

— One application

21



6. Use case

7
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Use case specifications

Citizen Location Question

N\
©»

Data acquisition

Visualisation

22



Interviews

« 3 interviews experts
— Network Maintainer
— Calibration expert
— Data analyst

¢ 6 meetings citizens
7. Results * 4 project meetings data experts
* 5 project group meetings

=2
TUDelft 23



Interviews

* Results:
— Citizens
» Clear calibrated observation data
* No gaps in sensor data flow
* Real time sensor data
 Historical sensor data

7. Results

— Maintainers
* Device information
* Maintenance history

% _ - .
TUDelft Source: Smart Emission project
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7. Results

%
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Technical requirements

i

Citizens

Maintainers of
the network

Requirements

Sensor data

View sensor data

download sensor data

Last value data

Time series data

Data requestable interval

Data requestable point in time
Sensor spatially dispersed in map
Clear units of measurements
Scales if required for measurement
Select sensor by clicking

Select sensor by geometry
Charts for sensor data

Metadata sensor
Battery status

Wifi status and network
Sensor health

Sensor name

Last maintenance

Frequency of measurement ,
5



Commonly used standards

* SensorML
- Observations and Measurements
* Sensor Observation Service

* Semantic Sensor Network

¢ SensorThings API

7. Results

=2
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7. Results

7
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Use case specific standards

User

Source: Smart Emission project

Sensor
(
Binaire :
@ data Jose
8 bt e |ﬂpl.l|:
v | \ m‘
\.
JSON |
TMongo
Database| | 08
- = "\—\_\_\_'__:-"FJ‘_ ot
\_Citygis FIWARE Lab NL




Alignment W
- Some similarities, standards | = I A
are created for specific goal e o | abin | sin
1. 2. Standards in the Sensor Web
7. Results 1
—
I

e ———————

Requirements

7
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|
I |
I |
I |
| |
| Il commanly used |

I—— A standards
| |I :
|| Deskresearch 1 | Align standards |

|
|
1 || Use case speci / |
sssssssss |
I 1 |
I |I :
I
I |I |
- I

« UML model based on I :

= b nterviews )
ssssssssssss 7+ Define requireme |
|
|
|
|
|

— Harmonized sensor standards ;
— Use case requirements

 To test the requirement on the applications

7. Results » To test if the possibilities of the standards are sufficiently
used
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UML model

“Dbsemvation procedure = Time series

+ Algorithm: str + Begin time: time

. Iz part of
+ Calibration: str

1
| | + End time: time
+ Data guality: str = | [ B & Mo meaurements: int

= Observation
+Time: UTC
+ Phenomenom: str =] Sensor ] Sensor network
+ Frequency: int s + Sensor type: sir + Mo of devices: int
# Unit of measurement: str I + Health: boolean + Metwork: str
+ Walue: float (I + Software Version: str + Connected: Boolean
. +Date: Date + Bensor I10: sir
Observation data ) .
+ Constraint: depending on + Battery status: str
phenomenom, value is optionally used Prﬂ'du cer
in a scale and if it is abowve or below a
7 . Res u Its threshold an action can be triggered |s maintained
Has
d User 1 | - 8 Mazintenance
: a8 nses
Device data - : :
= Historical location = Lacation + Last mainiznance: UTC
1 P— .
+ Begin time: tme + Long: float - + Maintained by: str
i . = Feature of interest + Times of maintenance: int
+ End time: time + Lat float
+ Mame: str i ine: i
+ Existence: boolean + Al fioat Has + Perzentage time offline: int
+ Mame: str |+ 4 + Type: sir + Total time offline: int
0.1 | 1..* . ;
+ City: str + Geometry: GM_object
4 Canbe + CRES: str
TUDelft v s




o Value % Date, time “-o----t
it of
/% Longitude, zr:;sc;rement
latitude, altitude C%2|NLE
i
Frequency
7. Results
(((.))> Sensor Health E Battery health

Last Compatibility Sensor type

maintenance @ with

platforms
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7. Results

%
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Requirements

Sensor data

WView sensor data

download sensor data

Last value data

Time series data

Data requestable interval

Data requestable point in time
Sensor spatially dispersed in map
Clear units of measurements
Scales if required for measurement
Select sensor by clicking

Select sensor by geometry
Charts for sensor data

Metadata sensor

Battery status

Wifi status and network
Sensor health

Sensor name

Last maintenance
Frequency of measurement

Validation of the UML model

Fulfilled

Standard used

32



7. Results

7
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Validation of the UML model

* Requirements maintainer not fulfilled
« Half of the requirements met without standardization

« Sensor Observation Service mostly used for
standardisation

33



Evaluation of the use case

* Geo & sensor standards used:
WMS, WES, SOS

« Another standard planned: SensorThingsAPI

« Observation standards, no device standards

« Adding more semantics required

* Most of the requirements met

* Finding fitting standards is time consuming

« Several applications required

« Ordering of standards is required

1(:;U Delft 3
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7. Results

7
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Bringing order

* Why ordering:
— Inventory and ordering of standards
— Developer can easier pick a standard

— Standards can be better fine-tuned and adapted

« Adapting the Open System Interconnection (OSI) model

35



OSI| model

Data Application layer /N Data

Transport layer

Network layer

Data link layer

Physical layer

7. Results Data |V ‘ Data

 What does it contribute?

— Used as a model for the Internet and Internet of Things
standards

7
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Adaption

Application layer

Transport layer

Network layer

7. Results

Data link layer

Physical layer

o Original OSI-
TUDelft model

Semantics
Observations
Linking

Interfaces

Physics

Adapted OSI-
model

37



Layers in the data model

“Dbservation procedure = Time s=ries
+ Algorithem: str + Begin time: time:
_ ! i partof .
+ Calibration: str | | + End time: time
+ Data guality: str = \ [ 01 4 Mo meaurements: int
= Observation
+Time: UTC
+ Phenomenom: sir = Sensor ] Sensor network
+ Frequency: int Has + Sensor type: str + Mo of devices: int
+ Unit of measurement: str | + Health: boclean b iz partof = ¥ - Network: str
+Value: float .- + Software Version: sir 1" | £ Connected: Boolean
+Date: Date + Sensor D0 sir
+ Constraint: depending on + Battery status: str
phenomenom, value is optionally used . . .
in 3 scale and if it is above or below a
threshold an action can be tiggered Is maintained
Has 4
¥
7. Results —
1 aintenance
A Senses
= Historical location B Location + Lest maintenance: UTC
1 P -
+ Begin time: time + Long: float +Maintained by: str
. . B Feature of interest + Times of maintenancs: int
+ End time: time + Lat float
+ MName: str i ine: i
+ Existance: bogkean + Al float Has + Percentage time offline: int
+ Mame- str |4 —— 4 # Type: sir + Tatal time offline: int
0.1 | 1. . i
+ City: str + Geometry: GM_okject
Canbe + CRS: str
+ Geometery: GM_point
Semantics Observations Data Link Interfaces Physical
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Adapted OSI model

Modeling Ontologies Encodings API

Semantics

Observations

7. Results Liﬂkiﬂg
Interfaces

Physi
Device yoIEs

7
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7. Results
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Future of the Adapted OSI model

www.sensorstandardsinfo

3

Best Practices

SenML

Observations and measurements
IEEE

SensorThingsAPI

Sensor Planning Service

Sensor Event Service

Sensor Alert Service

Pub/sub

Bereas

Q Foeker

69 4+ 4 O 069

Search

Project Smart Emission

Link: smartemission.nl
standards: 505, WFS, WMS-
Time, SensorThingsAP|
Product delivery: 2016
Responsible: Geonovum,
Municipality Nijmegen,
RIVM, Intemo

Drovwrmilermed Tirreae e riees

B Rorth Winwenr (SOM5)

LOSO80a

[« T
Smart Emission |
-
-
£
L ]

L
g

42
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7. Results
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Future of the Adapted OSI model

« Maintenance required

« Cooperation stakeholders and standard organizations
required

* One organization needs to be responsible

41



8. Conclusions
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Conclusions

To what extent align existing sensor standards for describing
both observations and sensors?

 Situation sensor web: rapid developments, a lot of
standards, no overview.

« Standards not sufficiently harmonized

 Sensor standards focus on a small section Iin the sensor
web.

¢ Sensors and observations should have both equal
Importance in UML models

« Having one universal standard for the sensor web currently
limits the flexibility of the sensor web

42



8. Conclusions
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Conclusions

What steps can be taken to harmonize standards in the
sensor web?

« Collect the available standards

« Make an alignment

« Make a UML model based on the use case

« Remove duplications, fill gaps in the data model

« Validate the data model using use case requirements
* Order the standards in an ordering model

¢ Maintain the ordering model

43



9. Limitations
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Limitations

* One use case: air quality

« Standards can cover more than one layer

* The layer definitions are broadly defined

« Vague boundary geo-standard and sensor standard
* Process not automated yet

44



10. Future work

7
TUDelft

Future work

« Check If specifications are in other standards.

« Make an overview of possible implementations and best
practices discoverable online

« Keep the model up-to-date

 More use cases need to be tested

* |Involve sensor standard creators

* More use of Semantic sensor standards

45
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Thank you for your attention!

Special thanks to

 Michel Grothe for help at
geonovum,

e Wilko Quak and Bastiaan
van Loenen at TU Delft

GEONOVUM

]
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Link

http://data.smartemission.nl/

7
TUDelft



Sensor
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Real time data
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RtcTime, 7886771
.SessionUptime, 331596
.BaseTimer,d
.ErrorStatus, 8
.Powerstate, 3919
UnitSerialnumber,?
.Longitude, 59146891
.Latitude, 53949942
.SatInfo, 86795
AudioPlus9, 2968945
AudioPlus8, 2968687
JAudioPlus7,3892269
.AudioPlus6,3092274
LAudioPlus5,3354415
AudioPlusd, 3354671
LAudioPlus3,3159595
AudioPlus?, 3222314
AudioPlusl, 2828583
JAudioB, 2686976
.18,184558243
.17,184558243
.16,184558242

.36,8

LC02,11166888

Raw Sensor Data
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Standard

Buthor

Architecture style

Observations & Measurements

Resource Criented Architecture

SenzorML

encoding schema

whAL, J=on, Ohwil
and Schematron For validation

Amil

Senzor things AF|

Fezource Oriented Architecture

REST, JSOM, DASIS OData and URL

Semantic sensor nekwork,

Senzor Obseryation service

Witk

Dhwil

SenzorML

Faczus AML implementation of schemas Restriction of sensor description, interconnects loT devices, data, describes sensors, observations, ‘Wweb service interface to query obserdations, sensor
for obsergations, and For Features and sensor discogeny and applications over the Web and related concepts metadata, and representations of observed Features.
Einding Senzor Markup Language REST DL
Insert new sensors
Mot Supparted ot Supported Mot Supported
and observations PP PP PP
Oelete zensors Mot Supported Mot Supported Mot Supported
Updating
Froperties
of (Bt Mot Supported Mot Supported HTTF PATCH and JSOMN FATCH Mot Supported Mot Supported
Sensars
el E_H'Et"-'g Mot Supported Mot Supported HTTF DELETE Mot Supported Mot Supported
Observations
FPubtzub support | Mot Supparted Mot Supparted RISTT and SensorThings METT Extensior Mot Supported Mot Supported
F agination Mot Supported Mot Supported froptfskiptgnestlink Mot Supported Mot Supported
Linked Oata Suppod Mot Supported Mot Supported Mot Supported Mot Supported
FFP PP PP JSOR-LD PP PP
Uzage Core for other standards resource-constrained device SPITFIRE FPT project, S2Marth,
9 wb. Obzervation Data Model 2.0 1005% Sensor Observation Service, | on top of the OpenlaT middlewars emzorGrid4Eny, zalted project SzZnorth, Py50%, Deegree, MapServer

Meta data sensor

Earth Ob=ertation metadata

Supported by CHS and Long lat ale

Ewery "thing" has alocation

miodule Flatform gives location

Uzes Common Data Models

Metadata from sensor systems

Semantic meta data

Sensor meta data can be queried

limitaticon

Mo prototype yet with anly UL
Mlore work on reference systems needed

Doesn't support describing
wiorkFlows et

Felatively new

Ooes not describe domain concepts
time, locations, etc.
Mok eazy o apply

Limitations are depending on the serser
Ex B2Moarth 505 does not scale very well

Strong point

Great ob=ervation
model For other standards

Complementary role for
CityGML and IndoorEML
Ewerything is modelled as a process

eas)y ko use interface to sensor values.
simple
resource basedinterface

pawerkul description framework
of almost any kind
of sen=or observation

Implementation work.s For different servers
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Detailed comparison
standards
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Standard Observations & Measurements Sensor things API Semantic sensor network  [Sensor Observation service

Sensor data

View sensor data

download sensor data

Last value data

Time series data

Data requestable interval

Data requestable point in time

Sensor spatially dispersed in map

Clear units of measurements

Scales if required for measurement

Select sensor by clicking

Select sensor by geometry

Charts for sensor data

Metadata sensor

Battery status

Wifi status and network

Sensor health

Sensor name

Last maintenance

Frequency of measurement
Used in combination Used in combination

Comments with other standards with other standards Still in development  Adds a semantic layer

Assessment standards
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Jbsendation procedure 3' 4' 14, Time series WMS'TI ME

+ Begin time: time

+ Algorithm: str

' SOS O&M

+ Calibration: str + End time: time

+ Data quality: str + Mo meaurements: int E_,?

Observation

+Time: UTC WMS WFS

Sensor network

+ Phenomenam: sfr SDS 'D & M Sensor

4 5 + Frequsncy: int + Sensor type: str + Mo of devices: int
r=p P .
+ Unit of measurement: str + Health: boolean Is part of F+ Matwork: str
14 +Walue: flaat . + Software Version: st Q| + connectzd: Boolean
+Date: Date + Sensor ID:sr GO
+ Constraint: degending on + Battery status: str
phenomenom. value is optionally used —__________217.19.20
11 in ascale and if it iz above or below a 4 F
" threshaold an action can be triggered |s maintained

Maintenance

Senses

3 + Last maintenance: UTC

Location

+ Long: float SDS

+ Lat: float

= Historical location

+ Begin time: fime + Maintzined by: str

Feature of interest ] + Times of maintenanca: int

+ End time: time

+ Mame: str S'DS + Percentage time offline: int

+ Existence: boolean + At float

+ Total time offline: int

+ Type: str

+ Mame: str

+ Geometry: GM_object

+ ity str

+ CHRE: str

21,22

+ Geometery: GM_paint

3,9,12,13
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Sensor data

View sensor data
download sensor data
Last value data

Time series data

Data requestable interval

Data requestable point in time
Sensor spatially dispersed in map 305
Clear units of measurements
Scales if required for measurement NeNe

Select sensor by clicking
Select sensor by geometry
Charts for sensor data

S0S, O&M

505, WMS, WFS
505, O&M
WMS-Time
WS-Time

X

nonea

none
none
505

Metadata sensor

Battery status

Wifi status and network
Sensor health

Sensor name

Last maintenance
Freguency of measurement

X

505




The OGC® OGC® Sensor Model Language (SensorML)
Encoding Standard provides provides an information model
and encoding for discovery & tasking of sensors

TTimagey B R TN
Map\fiewer e o e Value-Add SWE M t
Client pCIicnt Client Client i

Dlscovef\r

Client

Client
Multi-source, Integrated Application Client 7 -
SSN

\Semantic Information

Ambient Light Proximity Sensor
Sensor

' - ' ‘.' I L3 ]
.11 Cantey ;
Service Style Device Oi‘her Type Metadata | SENSOF ) B N
Catalog Catalog Catalog Catalog Accelerometer Gyroscope
. Sensor Sensor
Catalog Services
-

Magnetometer
Sensor

ISO/IEEE 11073
/ﬁ W W\ Sensor Interface/
WD = _‘ '. . ‘- |~ - — — - — = = = = — — — —

arid  QIGSteway _
’ —— \ \Sensor networking
T Gazetteer
Device Information

[
\Portrayal Services/ \ Processing Services

Q)ata Services 7y 7y

= 0GC/IP Interface

Source: OGC OGC standards
» .
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Semantics

¢ Semantics: spatial, temporal, and thematic semantic
metadata

 Knoesis —Semantic sensor network

« Observation is an "act of measuring or otherwise
determining the value of a property” and a measurement
IS a "set of operations having the object of determining
the value of a quantity.”
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Semantics

Observations

Linking

Interfaces

Physics

Contents layers
1'£u Delft Adapted OSI model
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Sub guestions

« What are the commonly used sensor standards?

« To what extent do commonly used sensor standards
align?

 Which sensor standard or standards are used in the
Smart Emission use case?

« What steps can be distinguished to align the use case
standard to the commonly used sensor standards?
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