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Motivation

e More and more sensors are deployed
e Human observations
e Lots of different phenomena

(@)

O O O O

(@)

Weather
Pollution
Biodiversity
Hydrological Data
Traffic

e Different structures and elements of observations
e Sensorinterfaces are very heterogeneous
e Need for harmonisation = interoperability
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OGC Sensor Web Enablement
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OGC Sensor Web Enablement
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OGC Sensor Web Enablement

Selected OGC SWE Standards

Observation Data:
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Data Models: ISO/OGC Observations and Measurements

e Conceptual model for

o Representing observations
o Exchanging observations

e Implementation as application schema

e XML schemata extending the Geography Markup Language (GML)
e Primary use: Encode SOS GetObservation response documents

e Currentversion: O&M 2.0 (OGC and ISO standard)
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Data Models: ISO/OGC Observations and Measurements

Observed Property = “water level” Result Phenomenon Time

Feature of Interest = “Station X”
584,31 cm 22.10.2015, 22:14 Uhr
\ Unit of Measurement

T~

Sensor (Procedure) = water level sensor

Geospatial Sensor Webs Conference 2018 8 north

exploring horizons



Data Models: ISO/OGC Observations and Measurements

OM_Observation

+relatedObservation 0..*

phenomenonTime: TM_Object
resultTime: TM_Instant
validTime: TM_Period [0..1]
resultQuality: DQ_Element [0..*]
parameter: NamedValue [0..*]

D_-!‘
+result
+procedure 1
OM_Process Any
+observedProperty 1 +featureOfinterest 1
GFI_PropertyType GFI_Feature

Source:
OGC
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Data Models: ISO/OGC Observations and Measurements

<om:0M_Observation gml:id="o 75ADBCI99DACSE@GFHAE24BIF2402A81F9AEAABFF" >
<om:type xlink:href="http://www.opengis.net/def/ohservationType/0GC-0M/2.0/0M Measurement"”/>
<om:phenomenonTime>
<gml:TimeInstant gml:id="phenomenonTime 74"
<gml:timePosition»>2012-11-19T13:06:00. eeechgml timePosition>
</gml:TimeInstant>
</om:phenomenonTime>
<om:resultTime xlink:href="#phenomenonTime 74"/>
<om:procedure xlink:href="http: Xvaw 52north.org/test/procedure/6" />
<om:observedPraperty xlink:href="http://www.52north.org/test/observableProperty/6"/>
<om:feature0fInterest xlink:hrefz"http:fﬁwww.52n0rth.orgﬁtestﬁfeatureoflnterestﬁﬁ"/>
<om:result xmlns:ns="http://www.opengis.net/gml/2.2" uom="test unit 6" xsi:type="ns:MeasureType">»2.6</om:result>
</om:0M Observation>
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Data Models: ISO/OGC Observations and Measurements

"observations”

"type" "http://www.opengis.net/def/observationType/0GC-0M/2.8/0M Measurement™”
"procedure” "http://www.52north.org/test/procedure/6"
"offering" "http://vww.52north.org/test/offering/6

"observableProperty"” : "http://www.52north.org/test/observableProperty /6"

"featurelfInterest"”
"identifier”

"codespace” "http://www.opengis.net/def/nil/0GC/8/unknown”
"wvalue"” "http://www.52north.org/test/featureldfInterest/6"

"sampledFeature" "http://vww.52north.org/test/feature0fInterest/world"

"geometry™
"type" "Point"
"coordinates”
51.447722
7.270805

"phenomenonTime™ : "2812-11-19T713:02:.88.0882"
"resultTime™ : "2812-11-19T13:82:680.8887"
"result”

"uom” : “"test unit B"

"value" : 2.2
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Metadata: OGC Sensor Model Language

e General sensor information = discovery

e Facilitate processing and analysis of sensor measurements

e Geolocation of observed values

e Description of the process by which an observation was
obtained

e Current version: SensorML 2.0
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Metadata: OGC Sensor Model Language

e Steps and elements of a data acquisition and processing chain are modelled as so
called “Processes”
e Typical metadata

(@)

o 0O O O o O O O o©o

Common metadata (ID, classification, textual description, contact information)
Constraints (e.g. temporal validity of document)

Capabilities and characteristics of the sensor

Inputs and Outputs

Parameters

Processing methods

Geo-locations

References to further documentation

History (e.g. events in the lifetime of a sensor)
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Metadata: OGC
Sensor Model
Language

w<sml:SensorML xmlns:sml="http://www.opengis.net/sensorML/1.@.1" xmlns:gml="http://v
oJ.opengis.net/sensorML/1.8.1 http://schemas.open;

instance" wversion="1.0.1" xsi:schemalLocation=" http://w
v <sml:member>
w<sml:System?
w<gml:description>

Wassertemperatur an der Station STOR-SPERRWERK BP (5970@48) bei Kilometer 5@ des Gewaessers STOR

</gml:description>
B <sml:keywords>...</sml:keywords>
B <sml:identification>...</sml:identification>
P <sml:classification>...</sml:classification>
P <sml:validTime>...</sml:validTime>
» <sml:characteristics>...</sml:characteristics>
P <sml:capabilities>...</sml:capabilities>
B <sml:contact>...</sml:contact>
¥<sml:position name="stationPosition">

w<swe:Position fixed="true" referenceFrame="urn:ogc:def:crs:EPSG::31466">

¥<swe:location>
¥ <swe:Vector gml:id="SYSTEM_LOCATION">
¥ <swe:coordinate name="easting">
w<swe:Quantity axisID="y">
<swe:uom code="degree"/>»
<swe:value>»2723966.3378782906</swe:value>
</swe:Quantity>
</swe:coordinate>
¥ <swe:coordinate name="northing">
v<swe:Quantity axisID="x">
<swe:uom code="degree"/>
<swe:value>5971455.607148565< /swe:value?
</swe:Quantity>
</swe:coordinate>
</swe:Vector>
</swe:location>
</swe:Position>
</sml:position>
¥ <sml:inputs>...</sml:inputs>
w<sml:outputs>
w<sml:Qutputlist>
¥<sml:output name="Wassertemperatur">
¥<swe:Quantity definition="Wassertemperatur">
<swe:uom code="°C"/>
</swe:Quantity>
</sml:output>
<f/sml:OutputLists>
</sml:outputs>
</sml:System>
</sml:membher>
</sml:SensorML>
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w<sml:SensorML xmlns:sml="http://www.opengis.net/sensorML/1.0.1" xmlns:gml="http://www.opengis.net/gml" xmlns:swe="http
eta ata . instance" version="1.8.1" xsi:schemalocation=" http://www.opengis.net/sensorML/1.8.1 http://schemas.opengis.net/sensor
[ ] v <sml:member>

¥ <sml:System>
v<gml:description>

| l Wassertemperatur an der Station STOR-SPERRWERK BP (5978040) bei Kilometer 50 des Gewaessers STOR
e SO r O ‘ </gml:description>

¥ <sml:keywords>
¥ <sml:KeywordList>
<sml:keyword>WASSERTEMPERATUR_ROHDATEN</sml:keyword>

<sml:keyword>Wassertemperatur</sml:keyword>
</sml:KeywordList>

</sml:keywords>
v<sml:identification>
v<sml:IdentifierlList>
v<sml:identifier name="URN">
w<sml:Term definition="urn:ogc:def:identifier:0GC:1.0:uniqueID">
<sml:valuerlassertemperatur-Stoer-Sperrwerk_Bp_5970040</sml:value>
</sml:Term>
</sml:identifier>
v<sml:identifier name="longName">
v<sml:Term definition="urn:ogc:def:identifier:0GC:1.0:longName">
v<sml:value>
Wassertemperatur an der Station STOR-SPERRWERK BP (5978040) bei Kilometer 50 des Gewaessers STOR
<fsml:value>
</sml:Term>
</sml:identifier>
v<sml:identifier name="shortName">
w<sml:Term definition="urn:ogc:def:identifier:0GC:1.0:shortName">
<sml:value>STOR-SPERRWERK BP</sml:value>
</sml:Term>
</sml:identifier>
</sml:IdentifierList>
<fsml:identification>
B <sml:classification>...</sml:classification>
B <sml:validTime>...</sml:validTime>
B <sml:characteristics>...</sml:characteristics>
P <sml:capabilities>...</sml:capabilities>
P <sml:contact>...</sml:contact>
v <sml:position name="stationPosition">»

e T L T T TOSI s -l Lk R . L-T-L
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Metadata: OGC Sensor Model Language

smle - SensorML editor

Geospatial Sensor Webs Conference 2018

m @ smle

L4 €@ [ localhost:

Physical Component

smle;smani —
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Contact List

Responsible Party

PLATAFORMA OCEANICA DE CANAR\AS
— cobi
: il B anm ”2"2‘:"

The Friendly SensorML Editor © New EditView Delete Create from Ter

Phone

Address

Online resource

Contact instructions

£

Showall 'O Reset

800 EEN00O=

o @sr‘exos

% Close
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Metadata: OGC Sensor Model Language

. ’ @ smle x

. { € D localhost G900 EENAVO=
smle - SensorML editor s s -
north e U FixO
! » . 7 Gobierno
exploring horizons ° « ° deCanarias ”
smle;smaniy — The Friendly SensorML Editor ©
Classifier List Showall O Reset % Close Show tree

Type % Remove
Angular range % Remove
Scale factors % Remove
Resolution ® Remove

= Repeatability % Remove

2

B

@ Linearity % Remove

®

o

o Temperature coefficient x Remove

[
Time constant % Remove
Tilt output X Remove
Depth rating % Remove
Power % Remove
Operating temperature % Remove
Size % Remove
Weight in air %X Remove
Material % Remove

Publish Description
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Metadata: OGC Sensor Model Language

smle - SensorML editor

Geospatial Sensor Webs Conference 2018

B smle

{ @ [ localhost
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smle;smamiy — The Frien

as Tree

x

PL 0 CAN > PLATAFORMA OCEANICA DE CANAR\AS

dly SensorML Editor ©

Gobierno
de Canarias

Sensor description for 0eb124f6-a291-55¢7-730f-3cb5feadh5d7

as XML

» Keywords

» Identific

ation

v Classification

v Classifier list

v Cl

v

“

v

v

v

v

v

v

assifiers
model
v Label
"model"
v Value
"EL Deep-Water Tiltmeter"
manufacturer
» Definition
v Label
"manufacturer”
v Value

"Durham Geo Slope Indicator”

» Code space
Type

Angular range
Scale factors
Resolution
Repeatability
Linearity

Temperature coefficient

Edit sensor description Copy sensor description

]

@ 00@ERNDYO =

L0 % NEXOS
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Data Access: SensorThings API

e Complementary specification to enhance the OGC SWE framework for
Internet of Things applications

e Simplified approach

e Basedon REST and JSON

e REST binding for SOS functionalities

e JSON binding for the 0O&M model

e Two parts
o Data access (available as adopted standard)
o Sensor tasking (in the final steps of the standardization process)

19 north
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Data Access: SensorThings API

ObservedProperty

Sensor +name: CharacterString
+definition: URI
+description: CharacterString

+name: CharacterString
+description: CharacterString
+encodingType: ValueCode

+metadata: Any 1 +observedProperty
1 | *sensor
0..* | +datastreams
+da Datastream Observation
= : +name: CharacterString +phenomenonTime: TM_Object
0.* | +description: CharacterString +datastream +observations :gz:rmi TM_Instant
+observationType: ValueCode - Y
0.+ |+unitOfMeasurement: JSON_Object 1 0.* +resyItQua!ny: 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]
0.4 +observations
! +thing
Thing
+name: CharacterString +things
+description: CharacterString 1 1| +featureOfinteres
+properties: JSON_Object[0..1] «CodeList» Feam —
0| +m 0.+ +historicalLocations ValueCode Py e
- +things :
" HistoricalLocation +description: CharacterString
— +encodingType: ValueCode
0-* | +ocations *ime: TM_Instant +feature: Any

Location

0.* +historicalLocati
+name: CharacterString +|ocation risioreaoeston SO u rce: O G C

+description: CharacterString
+encodingType: ValueCode 1.
+location: Any
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Data Access: OGC Sensor Observation Service

e |Interface standard for accessing observation data and metadata
e Pull-based communication

e Core operations
o GetCapabilities
o DescribeSensor
o GetObservation

e Additional functionality
o Transactional operations
o Result handling
o Spatialfiltering

® Relieson

o 1SO/OGC Observations and Measurements (O&M) for encoding measurement data
o OGC Sensor Model Language (SensorML) for encoding metadata

e Currentversion: 0GC S0S 2.0
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Data Access: OGC _S.ensor_Observation Service

. -.E .’;r\\.
i, vV
= N T
= \J
LWy
(?‘
Response
Request (o&M,
SensorML)
SOS
AN \
Observations A NetCDF
HA Cg@ A \ ©
R SO g
aperY (ol @ @‘@
(9@ 3 00] ﬁ (O] @@_ @
& o ® 1 @@) 0 @ @® -
e @@ @ ®®@
8 ge@ o
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Data Access: OGC Sensor Observation Service

-~

T

N

ransactional
InsertSensor
DeleteSensor
InsertObservation

\

-

Core

* GetCapabilities
* DescribeSensor
* GetObservation

/

-

~

Enhanced
e GetFeatureOfinterest
* GetObservationByld
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R

-

esultHandling
InsertResultTemplate
InsertResult
GetResultTemplate
GetResult

\

/
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Data Access: OGC Sensor Observation Service

S~

-

SOS

~

)

Geospatial Sensor Webs Conference 2018

GetCapabilities

Capabilities

>

DescribeSensor

—
SensorML
>

GetObservation

O&M
_—

~

Client

~
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The 52°North Implementation: SOS Server

e Fullimplementation of the OGC Sensor Observation Service 2.0 standard
e Additional functionality

o Extensions for different thematic domains (e.g. air quality (e-Reporting), hydrology
(WaterML 2.0 and SOS 2.0 Hydrology Profile)

o Support of different observation types (e.g. time series, trajectories, profiles)

o Result filtering

o Hierarchical management of procedures, offerings, etc.

o Comprehensive graphical user interface for managing the SOS server

o Complementary REST API for facilitating client development

o OGC SensorThings APl module currently in development

north

exploring horizons
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The 52°North Implementation: SOS Server

Flexible Integration into existing IT infrastructures
Can be connected to different database management systems

o Oracle
o PostgreSQL
o MySQL

o Microsoft SQL Server
Object-relational mappings may be used for configuring the SOS to a specific database
model (Hibernate)
Different approaches for database integration are supported and used in operational
environments
Open source
Demonstration available as part of the OSGeo Live project:
https://live.osgeo.org/de/index.html

Geospatial Sensor Webs Conference 2018 26 north
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https://live.osgeo.org/de/index.html

The 52°North Helgoland Sensor Web Viewer

Helgoland Diagram | Map Provider Settings
90.00 160.00
80.00 140.00
70.00 120.00
6000  100.00
L]
e 5000 2000
2 g
= P
3 H
b
o
40.00 60.00
30.00 4000
20.00 2000
Data without warranty!
10.00 0.00
Jul 06 12:00 Jul 07 00-00 Jul 07 12:00 Jul 08 00:00 Jul 08 12:00 Jul 09 00 00 Jul 09 12:00 Jul 10 00:00 Jul 10 12:00 Jul 11 00:00 Jul 11 12:00 Jul 12 00:00 Jul 12 12:00 Jui 13
_ 2000
a) \j
f
\Ir\/ v/ VY
Jun 25 Jun 28 Jul 01 Jui o4 Jui 07 Jui 10 Jui13 Jul 16 Jut 19 Jul 22 Jul 25
174715 S BN € | 0607.18-1307.18 ¥
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The 52°North Helgoland Sensor Web Viewer
=SNexos ek

Favoriten Einstellungen p.

PSAL FerryBox

L (PSU)

Stogkholm

Goteborg

07-06T01:26:00Z Tra-Hel

Tallinn

41PSU
07.18 00:25

Edinburgh Danmark
< &
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Jnited Kiigdom Vilnits
ok Kanmamipag 6
. eed Morunés
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‘
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The 52°North Helgoland Sensor Web Viewer

~ NS c\ [ony . . . .
i EJ )\ ) Zeitreihen Trajektorien Favoriten Einstellungen

2

Legende

niip://mmisw.orgiont/ciiparameter/sea_water_temperature EAF.4 DO,

0 ° 2017-04-03T02:12:49 CNR Fishing Vessel, EAF 4 DO (CNR)
¢ 07.06.17 23:41
* htp:/fmmisw. Isea_water_1 (°C)
* EAF4DO
. http:/fmmisw e Isea_water i
- ® Q9 x
Zeige in kombinierter Ansicht

.
L (1.17, 24)
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SO0S4R

e Use R foranalysing different types of (in-situ) observation data
e 50s4R offers an adaptor to integrate data from SOS servers

Sensor Data Analysis Workflow

Build Request f:> Send and Receive Request :> Data Analysis
el

//17 72N . / § .
R Object | ’\4 | |Encoded Object Encoded Object [ | } | R Object
\ / / \ /
Nd ¥ N
Encoding Functions Parsing Functions

Character String | |, | |RType
Conversion Functions
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OGC Sensor Web Enablement and INSPIRE Download Services

e Guidelines for the use of Observations & Measurements and Sensor Web
Enablement-related standards in INSPIRE (D2.9)

e Technical Guidance forimplementing download services using the OGC Sensor
Observation Service and ISO 19143 Filter Encoding

e Officially endorsed as INSPIRE Technical Guidance documents:
o Guidelines for O&M (D2.9):
http://inspire.ec.europa.eu/id/document/tg/d2.9-0&m-swe
o Technical Guidance SOS as a download service:
http://inspire.ec.europa.eu/id/document/tg/download-sos

Geospatial Sensor Webs Conference 2018 31
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http://inspire.ec.europa.eu/id/document/tg/d2.9-o&m-swe
http://inspire.ec.europa.eu/id/document/tg/download-sos

OGC Sensor Web Enablement and INSPIRE Download Services

e How to map the INSPIRE Download Service functionality to the SOS standard?
Pre-defined Dataset Download:
Get Download Service Metadata > SOS::GetCapabilities

Get Spatial Data Set > SOS::GetObservation (for Offering)
Describe Spatial Dataset > SOS::GetCapabilities
Link Download Service > CSW
Direct Access Download:
Get Spatial Object > SOS::GetObservation
Describe Spatial Object Type > SOS::GetCapabilities

e Additional aspects:
o INSPIRE metadata (e.g. title, metadata point of contact, spatial data service type)
o Metadata and request parameter for supporting multiple CRS
o Metadata and request parameter for supporting multiple languages

Geospatial Sensor Webs Conference 2018 32 north
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Deployment Strategies

Custom database access implementation

SOS Server

‘ Business Logic ‘

Data Access Module ‘

Database

Geospatial Sensor Webs Conference 2018 33 north
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Deployment Strategies

Database views to emulate the default SOS data model

SOS Server

‘ Business Logic ‘

Default Database Access

\
N

—

saL

b4

Database Views ‘

Database
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Deployment Strategies

Dedicated SOS database replicating a source database

SOS Server

‘ Business Logic ‘

‘ Default Database Access J

&
saL
— v
—_— ___7__..---"". Import .\__________7___ ___7____..--"
Existing |
Database > SOS Database
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Deployment Strategies

Default database with transactional feeding

SOS Server
Transactional

\SOS Operations ‘ Business Logic ‘
‘ SOS Feeder ‘ < >

_ _ ‘ Default Database Access

0

Input Data,
e.g. CSV Files saL

SOS Database
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Deployment Strategies

e Selecting the right strategy depends on multiple factors
o Isthere already an existing database?
o Complexity of an existing database
o Performance requirements
o Working on the database vs. programming
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Application Examples: Wupperverband

Geospatial Sensor Webs Conference 2018 38 north

exploring horizons



Application Examples: Wupperverband

6 Sensor Web

* e (] §

Zeitreihen Favoriten Einstellungen  Hilfe  Impressum

Kluserbriicke
B < 270518-030618 ) m »  Wasserstand (cm)

Messintervall: Enzeiwert

40.00 250.00

Quelle: Wupperverband Zeitreinen Dienst
BB Erster Wert: 0207.08 0000 19.5em
B8 Letoter Wert: 0207.18 120401 [ 19.6 cm
226.00
35.00 ' Mittehwasser
W Mittieres Hochwasser
200.00 Mittleres Niedrigwasser
30.00 [>))
175.00
Krebssge
Niederschlagshahe (mm)
25.00
150.00
o000 12500
£ 5
100.00
15.00
75.00
10.00
50.00
a0 \_,‘ v\j \\
25.00
Daten ohne Gewahr
0.00 0.00
Mai 27 12:00 Mai 28 00:00 Mai 28 12:00 Mai 29 00:00 Mai 29 12:00 Mai 30 00:00 Mai 30 12:00 Mai 31 00:00 Mai 31 12:00 Jun 01 00:00 Jun 0112:00 Jun 02 00:00 Jun 02 12:00 Jun 03 00:0
A ! 1 J I AJSI, | L_L_
Mai 16

Mai 19 Mai 22 Mai 25 Mai 28 Mai 31 Jun 03
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Application Examples: IRC

Geospatial Sensor Webs Conference 2018

a Station: 41R002 - Ixelles

Sulphur dioxide

[ 6613 - AF-21M (Environnement) sedert 94 - procedure (Sulphur dioxide) ¥
23.5 ug/m3 (02.07.18 21:00 h)

Nitrogen dioxide

[0 6615 - AC-31M (Environnement) sedert 96 - procedure (Nitrogen dioxide) %
7.5 ug/m3 (02.07.18 21:00 h)

Carbon Monoxide

) 6611 - ENVIRONNEMEMT CO-11M sedert 9802 - procedure (Carbon Monoxide) %
0.125 mg/m3 (02.07.18 21:00 h)

Nitrogen monoxide

[ 6614 - AC-31M (E ) sedert 96 - p (Nitrogen
3 ug/m3 (02.07.18 21:00 h)

Carbon Dioxide

[ 6612 - This model 41H - procedure (Carbon Dioxide) %
404.5 ppm (02.07.18 21:00 h)

Black Carbon

(0] 6609 - Aethalometer - procedure (Black Carbon) 3%
0.475 ug/m3 (02.07.18 21:00 h)

(X wanhle alle Zeitreihen

EL-CELINE
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i Diagramm

160.00

ugm3 @ @
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Application Examples: IRCEL-CELINE

% Favoriten (=] £ Einstellungen @ Karienansicht

Legende

44N029 - HOUTEM ¥

Ozone (ug/m3)

7048 - Mon. Labs9812 tot 20041206, nu API400E - procedure
L Q 7

41R001 - Molenbeek-Saint-Jean

Ozone (ugim3)

6577 - 03-41M (Environnement) - procedure
@ e

42N016 - DESSEL W

Ozone (ug/m3)

6703 - Mon. Labs9812 tot 20041014, nu API400E - procedure

L Q 7
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Summary
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OGC Sensor Web Enablement allows the interoperable integration of
observation data

Standards for data access
o OGC Sensor Observation Service
o OGC SensorThings API

Standards for data and metadata
o 1SO/OGC Observation and Measurements
o OGC Sensor Model Language

Sensor Web standards can be used for providing INSPIRE Download
Services
Several implementations and operational deployments
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Questions and Discussion

https://52north.github.io/sensor-web-tutorial/

jirka@52north.org
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