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MOTIVATION

* More and more sensors are deployed
 Human observations

* Lots of different phenomena
* Weather

Pollution

Biodiversity

Hydrological Data

Traffic
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MOTIVATION




MOTIVATION

e Different structures and elements of observations
* Sensor interfaces are very heterogeneous
* Need for harmonisation = interoperability

* Provide a layer on top of observation databases
and low level sensor network technology -
integration into web applications
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MOTIVATION

 Traditional services allow to
* request maps (images)
* Web Mapping Service
 request (binary) raster data
» Web Coverage Service
* request vector data
 Web Feature Service

* Lack of a generic framework for integration
observation data into spatial data infrastructures
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MOTIVATION
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MOTIVATION
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OGC ARCHITECTURE (SIMPLIFIED)

4 Foundations B 4 Data Models and Encodings W Discovery N
Oows ) OpenSearch
Comnoh GML KML CityGML CS-w GEO
\ V € y € 4
/ Access Services \ / Processing \
WMS WMTS WPS
WFS WCS WCPS
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SWE BUILDING BLOCKS

Sensor Web Enablement

Data Models and Encodings Interfaces

SWE Common : SWE Service Model
SensorThings

API

WaterML TimeSeriesML (0GC

2.0 Pub/Sub)
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OBSERVATION & MEASUREMENTS

« Common ISO (ISO 19156:2011) and OGC (OGC 10-004r3) Standard

* Geographic information — Observations and measurements
* 1SO 19156:2011
* OGC 10-004r3

* Splitinto an abstract specification and an XML implementation

* Defines a conceptual model for observations and for features
involved in sampling when making observations



Procedure

A SENSOR|MOUNTED ON
A BUOY LOCATED Sampling Feature

AT 53.8112°N 9.3632°E
MEASURES THE WATER TEMPERATURE

OF THE|RIVER ELBE Sampled Feature
AS GOC Phenomenon Time

ON|2020-01-20 AT 17:45;
IT WAS VALIDATED ON|2020-01-20 AT 18:00

Result Time
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Observation
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OBSERVATION

«metaclass» «FeatureType» MD Metadata
GF_FeatureType OM_Process —

* At a specific time instant or _ T

period, a process assigns a - S

«FeatureType»

value to a phenomenon thatis a eeiminll \

+featuraOfInl$\ «FeatureType»
property or a reature
[ ]
+ parameter: NamedValue [0..*]
+propertyValueProvi + phenomenonTime: TM_Object
. + resultQuality: DQ_Element [0..]
0.. + resultTime: TM_Instant
+carrierOfCharacteristics + validTime: TM_Period [0..1]
Vo
Phenomenon constraints
«m etaclassy +observedProperty | {observedProperty shall be a phenomenon
GF_PropertyType associated with the featureOfinterest}
{root} | 4 {procedure shall be suitable for observedProperty}
{result type shall be suitable for observedProperty}
{a parameter.name shall not appear more than
once} él
’ 0.t +relatedObservation
Range 0.f I
\
«DataType» +result l/ \
N Val
amedValue «lype» ObservationContext
+ : i
name: GenericName Any + role: GenericName
+ value: Any {root}
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PHENOMENON TIME

«metaclass» «FeatureType» MD Metadata
GF_FeatureType OM_Process —

* Atime instant or time period _ T /,
that describes the time the —

result applies to the property of oo’ | \

the feature of interest ———— e

+propertyValueProvide + phenomenonTime: TM_Object

* When analyzing data this is o [ rm

+carrierOfCharacteristics + validTime: TM_Period [0..1]

Vo

timestamp the you typically e s [ -

GF_PropertyType associated with the featureOfinterest}
{procedure shall be suitable for observedProperty}

associate with the value oo |

{a parameter.name shall not appear more than

once} él

’ 0.t +relatedObservation
Range 0.
+result \
«DataType» \
N Val
amedValue alype» ObservationContext
+ name: GenericName Any . A
+ value: Any froot} + role: GenericName
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RESULT TIME

«metaclass» «FeatureType» MD Metadata
GF_FeatureType OM_Process —

 Atime instant that describes R /

A

when the result became — \

«FeatureType»

[ )
GFI_Feature 1 .
+generatedObservation 0..*
\
+featuraOfInl$\ «FeatureType»

* Most of the time identical to the S )

+ resultTime: TM_Instant

phenomenon time

Vo

Phenomenon constraints

e -
[ ) T I Ca l use Ca SeS' «metaclassy +observedProperty | {observedProperty shall be a phenomenon
y p ° GF_PropertyType "z associated with the featureOfinterest}
{root} | 4 {procedure shall be suitable for observedProperty}
{result type shall be suitable for observedProperty}

[ ) POSt proceSSing Steps {oanzslrameter.name shall not appear more than él

. . ’ 0.t +relatedObservation
¢ SlmUIatlonS Range 0.7 |
. . . «DataType» +result “\
» Specimen retrieval vs. analysis
+ name: GenericName Any . A
+ value: Any root) + role: GenericName
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VALID TIME

«metaclass» «FeatureType» MD Metadata
GF_FeatureType OM_Process —

* Describes the time period i -
during which the result is S SR

«FeatureType»

i \
intended to be used srufuon |
+featuraOfInl$\ «FeatureType»

° Domain OM_Observation

°
* Iyplcal use case: S B OO0
+propertyValueProvi + phenomenonTime: TM_Object

+ resultQuality: DQ_Element [0..]

+ validTime: TM_Period [0..1

* The output of a forecasting model

iS Only Valid u ntil the neXt mOdel \I/ 2;:etaclass» +obs:r::;g%?;:t: {ohsarvedProperlyshcaollrlzleraai?:enomanon

GF_PropertyType associated with the featureOfinterest}

ru n {root} | 4 {procedure shall be suitable for observedProperty}
{result type shall be suitable for observedProperty}
{a parameter.name shall not appear more than

* Optional — T S

Range 0.
+result |
«DataType» :
|
NamedValue cypes ObservationContext
+ name: GenericName Any + role: GenericName
+ value: Any {root} -
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OBSERVATION PROCESS /| PROCEDURE

«metaclass»
GF_FeatureType

MD_Metadata

«FeatureType»
OM_Process
A

Abstract entity that represents o S
the observation process and f ) /
produces the observation result o \

O&M doesn’t make any DRI

Domain OM_Observation

assumptions or restrictions oo

+ parameter: NamedValue [0..*]
+ phenomenonTime: TM_Object
+ resultQuality: DQ_Element [0..]
+
+

H 0. resultTime: TM_Instant
¢ Ca n be a nyth I n g: +carrierOfCharacteristics validTime: TM_Period [0..1]
\I/ 0. F'henon;enon COnsialntE
hd I nStrU ment Or SenSO r «metaclass» +observedProperty | {observedProperty shall be a phenomenon
GF_PropertyType "z associated with the featureOfinterest}

{root} | 4 {procedure shall be suitable for observedProperty}

¢ H U ma n O bse rver {result type shall be suitable for observedProperty}

{a parameter.name shall not appear more than

* Process or Algorithm " e
. . 0"“
* Simulation
«DataType»

9 Se n SO rM L NamedValue atyper ObservationContext

+ name: GenericName Any A
+ :
+ value: Any froot} role: GenericName

Range

+result "\
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FEATURE OF INTEREST

* The feature of interest is the _ S— —
bject of the observation and 4\ \ wa
subject of the observation an vvecrresollryoe /1 einsaneeon "4
carries the observed property cFesteTyper -
» The real-world object whose e
properties are under observation ———
. o |0 ey, b0 Soron.
o A featu re Intended to Sample the +carrier0f0haj/cteristics + validTime: TM:Period [0..1]
rea I-WO rld ObjeCt g;;leiadass» +0b5:r::;l:r%z::t: {obsarvedProperlyshcaollrlzlaraai?:enon;anon
GF_PropertyType associated with the feg::mf;lonrtzLessetNEdepeny
* Examples = e 12 e e
once} é'

* Measurement station / o eled0bsenation

M Range 0.
®
Rlver «DataType» *result l/ \‘
. . NamedValue
[ J Rlver baSIn . . _ - atyper» ObservationContext
ame: GenericName Any = -
+ value: Any {root} + role: GenericName
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PHENOMENON /| OBSERVED PROPERTY

* The phenomenon is a property of '
the observed feature for which o \ /’ :

the result of the observation

GFI_Feature 1

provides an estimate i

«FeatureType»

May be organized into hierarchies

+ parameter: NamedValue [0..*]

or ontologies and managed in \\ w00 lanan 0
- + resultTime: TM_Instant

catea logu es +camier0fCharacteristics + validTime: TM_Period [0..1]

Phenomenon constraints

Shou I.d Su ppo rt Semantica Or «metaclass» +ol rvedP;perty {observedProperty shall be a phenomenon

GF_PropertyType associated with the featureOfinterest}
{procedure shall be suitable for observedProperty}

thematic classification ooy frocadurs dhallbe witale tofobremedPropert)

{a parameter.name shall not appear more than
Examples: = -
e “temperature”
«DataType»

’ 0.* ;.rilated()bservation
 http://vocab.nerc.ac.uk/collection/ NamedValue — e
P01/current/CATAVT10/ [ name: Genercame Ay 5 oA B

Range

+result "\



http://vocab.nerc.ac.uk/collection/P01/current/CATAVT10/
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PARAMETER

«metaclass» «FeatureType»

MD_Metadata
GF_FeatureType OM_Process

* Can be used to embed arbitrary oo
information into the observation S A \ /
that is not bound to the feature of s
interest or observation procedure o,

Domain OM_Observation

1

+ parameter: NamedValue [0.."

-----

* Example use case: i aluaty 00 fmon 0.

0.r + resultTime: TM_Instant
+carrierOfCharacteristics + validTime: TM_Period [0..1]

* Trajectories with the complete track Vo .
as the feature of interest can or e | TP atated withthe eatusOntaros)

{root} | 4 {procedure shall be suitable for observedProperty}

describe the Current pOSitiOn along {result type shall be suitable for observedProperty}

{a parameter.name shall not appear more than

the track " »

0.* +relatedObservation
* Measurements along a water column
can describe the depth as a

+ name: GenericName Any

parameter —— oo

Phenomenon

Range

+result "\

+ role: GenericName
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RESULT

* The value generated by the _ —
procedure and assigned to the f o \ ) /

observed property of the feature

GFI_Feature 1

+generatedObservation 0..*
\

Of i nte reSt +featuraOfInl$\ «FeatureType»

* O&M doesn’t restrict the type the _
value

+carrierOfCharacteristics
\ 0.

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

+ + + + +

M M M Phenomenon traints
d But It defl neS Some baSIC «metaclassy +observedP;perty {ohsarvedProperlyshcaoII":eraaI;henomanon
GF_PropertyType associated with the featureOfinterest}

Obse rvation t eS {root} | 4 {procedure shall be suitable for observedProperty}
yp {result type shall be suitable for observedProperty}
{a parameter.name shall not appear more than

once} él

0.* +relatedObservation
0.*
+result !
«DataType» \
N Val
amedValue «lype» ObservationContext
+ name: GenericName Any . A
+ value: Any root) + role: GenericName




ENCODINGS

e Plain O&M 2.0

* OGC WaterML 2.0

* OGC TimeseriesML 1.0

* INSPIRE D2.9 Guidelines for the use of O&M
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PLAIN O&M 2.0 - GENERAL XML

{Dm:DH_DbservatiDn}

<gml :description> <l— description of the observation (optional) -—-->

<gml:identifier> “<l—— identifier, used by GetObservationById (optional) —->

<gml : name:> <!'—— name pf the observation (optional) -

<om:Type> <!—— the type of the observation (optional) —-->

<om:metadatax <!—— =zome metadata for the observation(optional) —-->
<om:relatedObservation> <!'-- a related observation, e.g link to the raw wvalues (optional) -->
<om:phenomenonTime> <!—— tTime when the measurement takes place —->

<om:resulcTimes <!'—— tTime when the observation became available-->

<validTime> <l— time when the observation is walid, e.g. for forcast observations (optional) -->
<om:procedure> <1—— the procedure that creates the observation -->

<om:parameter> <!—— some addtitionmal parameter (optional) —->

<om: observedProperty> <!—— the observed phenomenon-—->

<om: featureCfInterest> <«<!'—— the location where the measurment takes place—->
com:resultCualitys <!'—— information of the result gquality, complex(optional) -—->

<om: resulcs <!'—— the result of the observation —-->

</om:CM Observation>
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WATERML 2.0

* Data model format for exchanging hydrological data
* Based on XML

 Specialization of a more generic standard: ISO/OGC Observations
and Measurement 2.0
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WATERML 2.0

<om:resualt>
<wml2:MeasurementTimeseries gml:id="Ki.Ts.1":>
<wmlzZ:metadata>
<wml2:iMeasurementTimeseriesMetadatal
<wmlZ:temporalExtent xlink:href="$Ki.Wml2.pTime.1"/>
<wml2:cumulativerfalse</wml2:cumulative>
<fwml2:MeasurementTimeseriesMetadata>
</wmlZ:metadata>
<wmlz2:defanlcPointMetadatcas
<wmlZ:DefaultTVPMeasurementMetadata>
<wmlZ:guality xlink:href="http://www.opengis.net/def/WaterML/2 . 0/gquality/good" =xlink:title="Good"/>
<wWwmlZ2:uom code="m3/s"/>
<wmlZ:interpolationType xlink:href="http://www.opengis.net/def /waterml /2.0/interpolationType/AveragePrea" xlink:title="Average In Preceeding Interval"/>
<wml2:aggregationDuration>PlD</wml2: aggregationDuration>
<fwml2:DefaultTVPMeasurementMetadata>
</wml2:defaultPointMetadata>
<wml2:point
<wml2:MeasurementTVE:
<Wml2:time>2000-01-01TO0:00:00.0002</wmlZ: cima>
<wml2:value>266</wml2:value>
< /wmlZ:MeasurementTVE>
</wmlZ ::point>
<wmlz2:ipoint>
<wml2:MeasurementTVP>
<wml2:time>2000-01-02TO0:00:00.000Z</wmlZ: time>
<wmlZ:valus>266</wml2 ::value>
</wmlZ2:MeasurementTVE>
</ wml2:point>
</wml2:MeasurementTimeseries>
<fom:result>




52°NORTH  HTTPS://52NORTH.ORG

TIMESERIESML 1.0

* TimeseriesML - standard derived from WaterML 2.0
» Data model format for exchanging timeseries data
* Based on XML



INSPIRE - D2.9 GUIDELINES FOR THE USE OF

O&M

* INSPIRE - Spatial Data Infrastructure of the Eropean Commision
e Several themes with measured, modelled and simulated data

* Technical Guidelines for data interoperability
* Services (e.g. SOS as Download service)
» Data formats

* D2.9 - Guideline for observation data
 Based on OGC O&M
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Observation data

Observation-centric View Coverage-centric View

% N /A \ 7 \ v Y
SinglePoint MultiplePoint Vertical Moving Single Multiple Single Multiple
a\ Acquisition  Acquisition Acquisition  Acquisition
// \.\ InTime InTime InTime InTime
£ \
/ \
5 \
¥ N
Single Multiple
Acquisition Acquisition
InTime InTime
5 % % vV
profileObservation gridObservation specimenObservation
{ A4 Vv
trajectoryObservation grid SeriesObservation
W W
pointObservation multiPointObservation i

pointTime SeriesObservation specimenTime SeriesObservation
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POINTOBSERVATION

* Similar to a simple O&M observation (e.g. measurement)
 Result additionally contains a point (location)

Height

featureOflnterest

observedProperty

Magic Triangulation

8.2m
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POINTTIMESERIESOBSERVATION

* Resultis a WaterML 2.0 Timeseries

featureOflnterest

observedProperty
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MULTIPOINTOBSERVATION

* Measuring the same parameter at the same time at different
location

observedProperty
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PROFILEOBSERVATION

* Measuring values at varying depths along a water column.

featureOfInterest

observedProperty




52°NORTH  HTTPS://52NORTH.ORG

TRAJECTORYOBSERVATION

* Resultis a extension of WaterML 2.0 Timeseries with a
TimelLocationValuePair

 (Water) Temp

observedProperty

Sampled
T

sFocedure,

2010-03-01T01:00, 14, 17
2010-02-01TO2:00_15_16
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SWE SERVICES

* OGC Sensor Observation Service (SOS)
* OGC SensorThings API (STA) Part 1: Sensing



OGC SENSOR OBSERVATION
SERVICE (SOS)
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S0Ss OVERVIEW

e Access to sensor data
e Consistent interface and data format for all kinds of sensors

e Returns O&M

— Contrast to WFS: no generic schemas
— Interoperability
— A priori-knowledge

e SOS 1.0
e SOS 2.0 = latest version of the standard
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SOS INTRODUCTION

* Pull-based access to observations

 Mediator between:
 client < data archive / simulation / real-time sensor system

* Hides the heterogeneous structure of proprietary sensor data
formats and protocols

e Data formats: O&M and SensorML
* Versions: 1.0 and 2.0
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SOS 2.0 MODEL

Extensions Profiles

. Result Enhanced - e
Transactional Handling Operations Binding Spatial Filtering

'\;\\hi\“ f/ _—

S0OS Core "

Core
i w——

-\

OWS Gommon 1.1.0 SWE Service Filter Encoding 0&M 2.0

[OGC 06-121r3] [D"é‘f:dggé& ] 150 191432010 150 19156-2010]
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SOS - CoRE

* GetCapabilities operation

* Returns a metadata document describing the SOS instance, e.g.
» Supported operations
 Spatial, temporal and thematic content - offerings

* Mandatory for every OGC Web Service
e Structure and syntax from OWS Web Services Common specification
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GETCAPABILITEIS

* Examples based on XML implementation:

* Request: http://schemas.opengis.net/sos/2.0/examples/core/GetCapabilitiesl.xml
* Response: http://schemas.opengis.net/sos/2.0/examples/core/GetCapabilitiesl response.xml

* Example request encoded as KVP:

» http://hostname:port/path?
service=S0S&
request=GetCapabilities&
AcceptVersions=2.0.0



http://schemas.opengis.net/sos/2.0/examples/core/GetCapabilities1.xml
http://schemas.opengis.net/sos/2.0/examples/core/GetCapabilities1_response.xml
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GETOBSERVATION

* GetObservation operation
* Returns sensor data
* Response format is usually a O&M-document

» Supports comprehensive filter criteria
* Feature of interest

Temporal filters

Spatial filters

Observed property

Sensor/procedure

Offerings



52°NORTH  HTTPS://52NORTH.ORG

DESCRIBESENSOR

* DescribeSensor operation
* Returns detailed metadata of sensors and measurement processes
* Response format is usually SensorML

* Query parameters
* Sensor/procedureid
» Temporal filter (optional)
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DESCRIBESENSOR

* Example based on XML implementation:
* Request: http://schemas.opengis.net/sos/2.0/examples/SOAP/DescribeSensorl SOAP.xml

* Example request encoded as KVP:

* http://www.myserver.org:port/path?
service=SOS&version=2.0.0&
request=DescribeSensor&
procedure=urn:ogc:object:Sensor:

MyOrg:thermometerl&
procedureDescriptionFormat=

http://www.opengis.net/sensorML/1.0.1&
validTime=2010-01-01T18:31:427



http://schemas.opengis.net/sos/2.0/examples/SOAP/DescribeSensor1_SOAP.xml
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SOS 2.0 MODEL

Extensions Profiles
. Result Enhanced - e s
Transactional Handling Operations ‘ Binding Spatial Filtering
AN i
S0S Core
Core

=\~

OWS Common 1.1.0 wmfd‘i’fgga Filier Encoding 0&M 2.0
[OGC 06-121r3] (0GE 06.001] [1S0 19143:2010] [1SO 19156:2010]
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SOS 2.0 MODEL

Extensions Profiles
. Result Enhanced N . . .
Transactional Handling Operations Binding Spatial Filtering
™ rd
S0S Core

| con |
Y- — \ —~—__

OWS Common 1.1.0 SWE Service Filker Encoding O&M 2.0
[1S0 18156:2010]

[OGC 06-121r3] [G"{';f:":dggﬁg,l . [SO 19143 2010]
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SOS 2.0 MODEL

Extensions Profiles

. Result Enhanced e PR
Transactional Handling Operations Binding Spatial Filtering

/

S0S Core

- 7\ o~

OWS Common 1.1.0 S’“m'fd‘i’ff;g’a Filter Encoding O&M 2.0
[OGC 08-121r3] (0GE 06.001] [150 19143:2010] [1S0 19156:2010]
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SOS 2.0 MODEL

Extensions Profiles

. Result Enhanced - I
Transactional Handling Operations Binding Spatial Filtering

= _~_7 |I=>—

S0OS Core

Core

AN
- 7\~

OWS Commen 1.1,0 SWE Service Filier Encoding 0&M 2.0

[OGC 06-121r3] [D"é‘%dgg:& ] (150 19143-2010] 150 19156:2010]
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SPATIAL FILTERING PROFILE

* O&M XML - SpatialObservation

 om:parameter with sampling location

<om:parameters>
Zom: HamedValue:

<om:name xlink:href="http://www.opengis.net/def/param—name /OGCOM/2.0/zampl ingGeometry" />
<om:value>
<gml :Point gml:id="SamplingPoint":>
<gml :pos srslame="urn:ogo:def:ors:EPSG: :4326">52.9 7.52</gml:pos:>
</gml:Point>
<fom:value>
</om:NamedValus:>
</omi:parameters>

* Filtering with valueReference value:
* http://www.opengis.net/req/omxml/2.0/data/samplingGeometry



52°NORTH  HTTPS://52NORTH.ORG

BINDINGS

» Official bindings
* KVP
* SOAP

* 52N SOS additionally supported bindings
» POX (official only for SOS 1.0.0)
« JSON (52N SOS, not yet specified)



OGC SENSORTHINGS API (STA)
PART 1: SENSING
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STA - OVERVIEW

OGC SensorThings API

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

Simplified approach

Based on REST and JSON

~ REST binding for SOS functionalities
~ JSON binding for the O&M model

- Two parts
Data access (Part 1: Sensing)
- Sensor tasking

- CRUD
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STA - ENTITIES

SensorThings API Entities O&M 2.0 Concepts

Thing (and Locations, HistoricalLocations) -

Datastream -

Sensor Procedure
Observation Observation
Observed Property Observed Property

FeaureOfinterest FeaureOflnterest
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STA - ENTITIES

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

ObservedProperty

+name: CharacterString
+description: CharacterString
+encedingType: ValueCode
+metadata: Any 1 +observedProperty

+sensor

0..* | +datastreams

Datastream Observation
+datastreams - -
+name: CharacterString +phenonjenonT\me: TM_Object
0..* | +description: CharacterString +datastream +observations| TresultTime: TM_Instant
+observationType: ValueCode +result: Any .
0.* |+unitOfMeasurement: JSON_Object 1 p..x |*resultQuality: DQ_Element[0..*]
+observedArea: GM_Envelope[0..1] +validTime: TM_Period[0..1] .
+datastreams | +phenomencnTime: TM_Period[0..1] +parameters: NamedValue[D..”]
+resultTime: TM_Period[0..1]
0. +observations
1 +thing
Thing
+name: CharacterString +things 1
+description: CharacterString 1 +featureOfinteres
+properties: JISON_Object[0..1 i
P -Onecto. 1l «Codelist» FeatureOfinterest
" 0..* +histaricalLocations ValueCode -
0.. +things +name: CharacterString
HistoricalLocation +description: CharacterString
Ttime: TM Instant +encodingType: ValueCode
0.* | +iocations ime: TM_Instan +feature: Any
Location 0..* +historicalLocations
+name: CharacterString +location

+description: CharacterString
+encodingType: ValueCode 1.*
+location: Any
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STA - ENTITIES

* Thing
* |oT device

* Location
* The location where the Thing is currently placed

* HistoricalLocation
 Locations where the Thing was placed before

* Datastream
* Groups observations for the same Thing, ObservedProperty and Sensor
* Provides some metadata (unit, phenomenonTime, observedArea, ...)
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STA - ENTITIES

* Sensor
* The intrument that observes a phenomenon

* ObservedProperty
* The phenomenon of the observation

 FeatureOfInterest
* The observed location
* Can be the Thing-Location
* Aroom, a geographical area, ...
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STA - ENTITIES

* Observation
* The measurement

* Values
* quantity, count, text, category, boolean

* MultiDatastream Extension
* Similar to O&M ComplexObservation

* DataArray Extension
 Similar to O&M SweDataArrayObservation
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STA - QUERYING

* http://example.org/v1.0/Things

* http://example.org/v1.0/Things(1

e http://example.org/v1.0/Things(1)/Locations

* http://example.org/v1.0/Things(1

(1)
(1)
(1)/description
(1)

* http://example.org/v1.0/Things(1)/description/Svalue


http://example.org/v1.0/Things
http://example.org/v1.0/Things(1)
http://example.org/v1.0/Things(1)/Locations
http://example.org/v1.0/Things(1)/description
http://example.org/v1.0/Things(1)/description/$value
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STA - FILTERING

* Sskip
* number for the queries items that shall be excluded from the result

* Stop

* limit on the number of items returned
 Sexpand
* Represent entity inline

* Sselect
* Return only the selected properties
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STA - FILTERING

* Scount
» total count of items within a collection matching the request

 Sorderby

 The order in which the items should be returned

o Sfilter
* Filter the resulting items
* Comparison, Logical and Arithmetic Operators
* String, Date, Math and Geospatial functions
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STA - MQTT
* MQTT - Message Queuing Telemetry Transport

e Publish
* Observations

e Subscribe
 Receive notification for updated entities

* Examples
» Datastreams(1)/Observations (new observation added)
» Datastreams(1) (property changed)
» Datastreams(1)/observedArea (value of property changed)
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STA - MQTT PuBLISH

SensorThings
I

MQTT Subscribe to
Datastreams(id)/Observations

HTTP POST
Observation

44— Observation pushed via MQTT < HTTP PO.ST
Observation
MQTT Publish
Create(Entity) | | Observation Sensor
€ ————- Observation pushed , ____ >

via MQTT

4 Observation pushed via MQTT

B




STA - MQTT SUBSCRIBE

SensorThings

MQTT Subscribe to
Entity Collection/NavigationLink

4 Entity pushed via MQTT

«4— Entity pushed via MQTT

HTTP POST
Entity

<4 0

HTTP POST

Entity

52°NORTH

Sensor

HTTPS://52NORTH.ORG
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SENSORTHINGS API

* Demo Servers:
* https://cos4cloud.demo.52north.org/sta/
* https://agsens.52north.org/data/reference/sta/



https://cos4cloud.demo.52north.org/sta/
https://aqsens.52north.org/data/reference/sta/
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SENSORTHINGS API - RooT

{
"value": [

{

"name": "Datastreams”,
® "url™: "https://agsens.52north.org/data/reference/sta/Datastreams”
}J
{
PY Root uer "name": "Observations",
(] 3/ "url™: "https://agsens.52north.org/data/reference/sta/Observations”

}J

{
"name": "Things",

"url™: "https://agsens.52north.org/data/reference/sta/Things™

* Click the URL of the entity you et
are interested in. v

"name": "Historicallocations",

"url": "https://agsens.52north.org/data/reference/sta/Historicallocations™
}J
{

"name": "Sensors",

"url™: "https://agsens.52north.org/data/reference/sta/Sensors™
1,
{

"name": "ObservedProperties”,

"url™: "https://agsens.52north.org/data/reference/sta/0ObservedProperties”
1,
{

"name": "FeaturesOfInterest”,

"url™: "https://agsens.52north.org/data/reference/sta/FeaturesOfInterest”
}
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SENSORTHINGS API- THING

* /Things

* Getall Things
 /Things(1)

* Getthe Thing with ID ,,1
* Example

* https://agsens.52north.org/data/reference/sta/Things(ID 163)

"@iot.id": "ID 163",

"@iot.selfLink": "https://agsens.52north.org/data/reference/sta/Things(ID_163)",
"name": "Rv 4, Aker sykehus",

"description”: null,

"properties": null,

"Datastreams@iot.navigationLink": "https://aqsens.52north.org/data/reference/sta/Things(ID_163)/Datastreams”,
"Locations@iot.navigationLink": "https://agsens.52north.org/data/reference/sta/Things(ID_163)/Locations",
"Historicallocations@iot.navigationLink™”: "https://agsens.52north.org/data/reference/sta/Things(ID_163)/HistoricallLocations”


https://aqsens.52north.org/data/reference/sta/Things(ID_163)
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SENSORTHINGS API - LOCATION

hd "@iot.count": 1,
[ J "
value™: [
{
. "@iot.id": "ID 163",
L Get all Locatlons "@iot.selfLink": "https://aqsens.52north.org/data/reference/sta/Locations(ID_163)",
"name": "Rv 4, Aker sykehus™,

° "description”: "Rv 4, Aker sykehus”,
[ ) / LO Ca tl O n S ( l) "encodingType": "application/vnd.geo+json™,
"location": {
"type": "Point",

* Get the Location with i
ID ”1“ 59,94103
crs”: {

"properties”: {
"name": "EPSG:432p"

}
}
}J
"Things@iot.navigationLink": "https://agsens.52north.org/data/reference/sta/Locations(ID 163)/Things",
"Historicallocations@iot.navigationLink”: "https://aqsens.52north.org/data/reference/sta/Locations(ID_163)/Historicallocations"
}

* Example
* https://agsens.52north.org/data/reference/sta/Things(ID 163)/Locations



https://aqsens.52north.org/data/reference/sta/Things(ID_163)/Locations
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SENSORTHINGS APl - HISTORICALLOCATION

 / HistoricalLocations
e Get all HistoricalLocations

 / HistoricalLocations(1)
e Get the HistoricalLocations with ID ,,1¢

{
"@iot.id": "B2098019-e8c2-494e-a257-5dbb1Bb39747",
"@iot.selfLink": "https://agsens.52north.org/data/reference/sta/Historicallocations(82898019-e8c2-494e-a25f-5dbb18b39747)",
"time": "2020-06-05T16:44:36.537L",
"Locations@iot.navigationLink": "https://agsens.52north.org/data/reference/sta/Historicallocations(92098019-e8c2-494e-225F-5dbb108b39747)/Locations",
"Thing@ict.navigationlLink": "https://agsens.52north.org/data/reference/sta/Historicallocations(@2898819-28c2-494e-525F-5dbb18b39747)/Thing"
}
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SENSORTHINGS API - DATASTREAM

» / Datastreams
 Get all Datastreams

» / Datastreams(1)
e Getthe Datastreams with ID ,,1¢

* Example

* https://agsens.52north.org/data/reference/sta/Datastreams(019722ba-89cf-
4bf8-88d8-47614d43b34b)



https://aqsens.52north.org/data/reference/sta/Datastreams(019722ba-89cf-4bf8-88d8-47614d43b34b)
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SENSORTHINGS API - DATASTREAM

* Links to Thing, ObservedProperty, Sensor and Observations

{ Raw Parsed
"@iot.id": "3d2db226-1580-4e6b-a372-a8bf4fe5796a",

"@iot.selfLink": "https://agsens.52north.org/data/reference/sta/Datastreams(3d2db226-1580-4e6b-a372-a8bf4fe5796a)",
"name": "Rv 4, Aker sykehus_Station Rv 4, Aker sykehus (Stor-Oslo), PM2.5_PM2.5",
"description": "Datastream for Thing 'Rv 4, Aker sykehus' and Sensor 'Station Rv 4, Aker sykehus (Stor-0Oslo), PM2.5' and ObservedProperty 'PM2.5'.",
"observationType": "http://www.opengis.net/def/observationType/0GC-0M/2.8/0M_Measurement",
"unitOfMeasurement": {

"name": null,

"symbol": "pg/m3",

"definition": null
}s
"observedArea": null,
"resultTime": "20208-05-01T02:00:00.0008Z/2020-06-08T13:00:06.000Z",
"phenomenonTime": "2020-05-01T02:00:00.000Z/2020-06-08T13:00:00.000Z",
"ObservedProperty@iot.navigationLink": "https://agsens.52north.org/data/reference/sta/Datastreams(3d2db226-1580-4e6b-a372-a8bf4fe5796a)/0bservedProperty",
"Observations@iot.navigationLink": "https://agsens.52north.org/data/reference/sta/Datastreams(3d2db226-1580-4e6b-a372-a8bf4fe5796a)/0bservations”,
"Thing@iot.navigationLink": "https://aqgsens.52north.org/data/reference/sta/Datastreams(3d2db226-1580-4e6b-a372-a8bf4fe5796a)/Thing",
"Sensor@iot.navigationLink": "https://agsens.52north.org/data/reference/sta/Datastreams(3d2db226-1580-4e6b-a372-a8bf4fe5796a)/Sensor”
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SENSORTHINGS API - SENSOR

e / Sensors
* Getall Sensors

* / Sensors(1)
e Getthe Sensors with ID ,,1°

* Example

* https://agsens.52north.org/data/reference/sta/Sensors(station.stor-
oslo.rv 4 aker sykehus.pm2.5)



https://aqsens.52north.org/data/reference/sta/Sensors(station.stor-oslo.rv_4_aker_sykehus.pm2.5)
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SENSORTHINGS API - SENSOR

{
"@iot.id": "station.stor-oslo.rv_4_ aker_sykehus.pm2.5",
"@iot.selfLink": "https://agsens.52north.org/data/reference/sta/Sensors(station.stor-oslo.rv_4_aker_sykehus.pm2.5)",
"name": "Station Rv 4, Aker sykehus (Stor-0Oslo), PM2.5",
"description"”: null,
"encodingType": "http://www.opengis.net/doc/IS/SensorML/2.08",
"metadata": "<sml:PhysicalComponent xmlns:sml=\"http://www.opengis.net/sensorml/2.0\" xmlns:gml=\"http://www.opengis.net/gml/3.2\"
xmlns:swe=\"http://www.opengis.net/swe/2.8\" xmlns:xlink=\"http://www.w3.0rg/1999/x1ink\" gml:id=\"gmlid_1\">\n <gml:identifier codeSpace=\"uniqueID\">station.stor-
oslo.rv_4 aker_sykehus.pm2.5</gml:identifier>\n <sml:identification>\n <sml:IdentifierList>\n <sml:identifier>\n <sml:Term
definition=\"urn:ogc:def:identifier:0GC:1.0:1longName\">\n <sml:label>longName</sml:label>\n <sml:value>Station Rv 4, Aker sykehus (Stor-0slo),
PM2.5</sml:value>\n </sml:Term>\n </sml:identifier>\n <sml:identifier>\n <sml:Term definition=\"urn:ogc:def:identifier:0GC:1.0:shortName\">\n
<sml:label>shortName</sml:label>\n <sml:value>Station Rv 4, Aker sykehus (Stor-0Oslo), PM2.5</sml:value>\n </sml:Term>\n </sml:identifier>\n
</sml:IdentifierList>\n </sml:identification>\n <sml:capabilities name=\"metadata\">\n <sml:CapabilityList>\n <sml:capability name=\"insitu\">\n
<swe:Boolean definition=\"insitu\">\n <swe:value>true</swe:value>\n </swe:Boolean>\n </sml:capability>\n <sml:capability name=\"mobile\">\n
<swe:Boolean definition=\"mobile\">\n <swe:value>false</swe:value>\n </swe:Boolean>\n </sml:capability>\n </sml:CapabilityList>\n
</sml:capabilities>\n <sml:outputs>\n <sml:OutputList>\n <sml:output name=\"PM2.5\">\n <swe:Quantity definition=\"PM2.5\">\n <swe:uom
code=\"pg/m3\"/>\n </swe:Quantity>\n </sml:output>\n </sml:QutputList>\n </sml:outputs>\n <sml:attachedTo xlink:href=\"station.stor-
oslo.rv_4_aker_sykehus\" xlink:title=\"station.stor-oslo.rv_4_aker_sykehus\"/>\n</sml:PhysicalComponent>",
"Datastreams@iot.navigationLink™: "https://aqsens.52north.org/data/reference/sta/Sensors(station.stor-oslo.rv_4_aker_sykehus.pm2.5)/Datastreams”

}
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SENSORTHINGS API - OBSERVEDPROPERTY

* / ObservedProperties
* Get all ObservedProperties

 / ObservedProperties(1)
* Get the ObservedProperties with ID ,,1¢

* Example
 https://agsens.52north.org/data/reference/sta/ObservedProperties(PM2.5)

"@iot.id": "PM2.5",

"@iot.selfLink": "https://agsens.52north.org/data/reference/sta/ObservedProperties(PM2.5)",

"name": "PM2.5",

"description”: null,

"definition": "PM2.5",

"Datastreams@iot.navigationLink": "https://aqsens.52north.org/data/reference/sta/ObservedProperties(PM2.5)/Datastreams™


https://aqsens.52north.org/data/reference/sta/ObservedProperties(PM2.5)
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SENSORTHINGS APl - OBSERVATION

* / Observations
e Get all Observations

» / Observations(1)
* Get the Observations with ID ,,1°

* Example

* https://agsens.52north.org/data/reference/sta/Observations(0038bb98-d608-
4f76-ab54-1efc86dec89a)
{

"@iot.id": "42772",

"@iot.selfLink": "https://agsens.52north.org/data/reference/sta/Observations(42772)",

"result": "1.9769960000",

"resultTime": null,

"phenomenonTime": "2020-85-91T02:00:00.0007",

"resultQuality”: null,

"validTime": null,

"parameters": [],

"Datastream@iot.navigationLink": "https://aqsens.52north.org/data/reference/sta/Observations(42772)/Datastream”,
"FeatureOfInterest@iot.navigationLink"”: "https://aqsens.52north.org/data/reference/sta/0Observations(42772)/Feature0finterest”



https://aqsens.52north.org/data/reference/sta/Observations(0038bb98-d608-4f76-ab54-1efc86dec89a)
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SENSORTHINGS APl - OBSERVATION FOR
DATASTREAM

* https://agsens.52north.org/data/reference/sta/Datastreams(019722ba-89cf-
4bt8-88d8-47614d43b34b)/Observations?Stop=2

"@iot.count": 886,
"@iot.nextLink": "https://agsens.52north.org/data/reference/sta/Datastreams(3d2db226-1580-4e6b-a372-a8bf4fe5796a)/0Observations?$skip=28&%¢top=2",
"value": [

{

"@iot.id": "42772",

"@iot.selfLink": "https://aqsens.52north.org/data/reference/sta/Observations(42772)",

"result": "1.97699600608",

"pesultTime": null,

"phenomenonTime": "2828-85-81T82:80:080.6008Z",

"resultQuality"”: null,

"validTime": null,

"parameters": [],

"Datastream@iot.navigationLink": "https://agsens.52north.org/data/reference/sta/Observations(42772)/Datastream”,
"FeatureOfInterest@iot.navigationLink": "https://aqgsens.52north.org/data/reference/sta/Observations(42772)/Feature0fInterest”

"@iot.id": "42773",

"@iot.selfLink": "https://agsens.52north.org/data/reference/sta/0Observations(42773)",

"result": "-3.0547058000",

"pesultTime": null,

"phenomenonTime": "2020-85-01T03:80:00.000Z",

"resultQuality”: null,

"validTime": null,

"parameters": [],

"Datastream@iot.navigationlLink": "https://aqsens.52north.org/data/reference/sta/Observations(42773)/Datastream”,
"FeatureOfInterest@iot.navigationLink": "https://aqsens.52north.org/data/reference/sta/Observations(42773)/Feature0fInterest”


https://aqsens.52north.org/data/reference/sta/Datastreams(019722ba-89cf-4bf8-88d8-47614d43b34b)/Observations?$top=2
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SENSORTHINGS API - FEATUREOFINTEREST

* / Featu reSOfI nte reSt { %o:.id;;LTIiﬁsf;jct f 52north /data/ref /sta/Feat 0fInt t(ID_163)"
e Get all FeaturesOflinterest

n.;@@
M

me": "Rv 4, Aker sykehus",
"description”: null,

"encodingType": "application/vnd.geo+json”,
"feature": {

* / FeatureOflInterest(1) i iony
* Get the FeaturesOfinterest ]

59.941e3
‘ers: {

with ID ,,1¢ e e

name": "EPSG:4326"

-+

}
}
}J
"Observations@iot.navigationLink": "https://aqgsens.52north.org/data/reference/sta/FeaturesOfInterest(ID_163)/0Observa tions"

* Example }
* https://agsens.52north.org/data/reference/sta/FeaturesOfinterest(ID 163)



https://aqsens.52north.org/data/reference/sta/FeaturesOfInterest(ID_163)
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SENSORTHINGS API - FILTER

 Stop
* https://agsens.52north.org/data/reference/sta/FeaturesOfinterest?Stop=3
* Sskip
 https://agsens.52north.org/data/reference/sta/FeaturesOfinterest?Sskip=3

 Stop and Sskip
 https://agsens.52north.org/data/reference/sta/FeaturesOfinterest?Sskip=3&Stop=3



https://aqsens.52north.org/data/reference/sta/FeaturesOfInterest?$top=3
https://aqsens.52north.org/data/reference/sta/FeaturesOfInterest?$skip=3
https://aqsens.52north.org/data/reference/sta/FeaturesOfInterest?$skip=3&$top=3

52°NORTH  HTTPS://52NORTH.ORG

SENSORTHINGS API - FILTER

 Sorderby

* https://agsens.52north.org/data/reference/sta/ObservedProperties?Sorderby=name
* https://agsens.52north.org/data/reference/sta/ObservedProperties?Sorderby=name%20desc

* Sselect
» Select only the name property
 https://agsens.52north.org/data/reference/sta/ObservedProperties?Sselect=name

* Name and description
» https://agsens.52north.org/data/reference/sta/ObservedProperties?Sselect=name,description



https://aqsens.52north.org/data/reference/sta/ObservedProperties?$orderby=name
https://aqsens.52north.org/data/reference/sta/ObservedProperties?$orderby=name desc
https://aqsens.52north.org/data/reference/sta/ObservedProperties?$select=name
https://aqsens.52north.org/data/reference/sta/ObservedProperties?$select=name,description
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TYPICAL SET UPS

Existing database via Hibernate

L Sensor Web Client J
GetObservation O&M

Sensor Web Server }

[ Hibernate }

Database
(e.g. PostgreSQL, MySQL, Oracle)
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TYPICAL SET UPS

Existing database via Database Views

L Sensor Web Client J
GetObservation O&M

Sensor Web Server }

[ Database Views }

Database
(e.g. PostgreSQL, MySQL, Oracle)
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TYPICAL SET UPS

Existing database with customised SOS

{ Sensor Web Client }
GetObservation O&M
Sensor Web Server }
Database
(e.g. PostgreSQL, MySQL, Oracle)
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TYPICAL SET UPS

MQTT Feeding

L Sensor Web Client }

GetObservation O&M

L MQTT Broker j(—){ Sensor Web Server j

I !
 Deviee
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TYPICAL SET UPS

Default SOS database, standardised feeding (transactional operations)

Input Data,

Data Feeder, e.g. CSV

L Sensor Web Client } e.q. FME

InsertObservation (O&M) or

GetObservation O&M
InsertResult

L Sensor Web Server }
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TYPICAL SET UPS

Default SOS database, data feeding by SQL script

L Sensor Web Client }

GetObservation O&M

E Sensor Webh Server j

SQL
Data Feeder Default DB
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TYPICAL SET UPS

SOS as proxy for proprietary data access service

E Sensor Web Client }
GetObservation O&M

E Sensor Web Server J

E Proprietary Service }
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north

exploring horizons

QUESTIONS!




