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Observations, Measurements & Samples

class Figure 9: Conceptual Observation schema - overview /
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Observations, Measurements & Samples

class Figure 25: Conceptual Sample schema - overview /

2 core parts — Sample
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The long and winding road from O&M to OMS

! O&M 3 revisio
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g . ® Adjusted slide from detailed presentation and video available here
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OGC SensorThings API Part 1 - context

OGC & loT?

B |0T deals with Sensors and Actuators
B Sensors and Actuators have Location
B OGC Sensor Web Enablement (SWE)

W Enable developers to make all types of sensors, transducers and sensor data repositories
discoverable, accessible and useable via the Web i

Environmental
Monitor

Satellite-borne
Irnqing device

B Since 1990 by NASA - 2001 in OGC
B SensorML

- All sensors reporting position

Sensor Observation Service (SOS) e ;:g;g
- All readable remotely Data

|Obsewatinns & Measurements (O&M) |

- Some controllable remotely

B Sensor Data & Metadata The basis

B Core of INSPIRE

S0GC: httpffwww.opengeospatial.org/oge/markets-technologies/swe
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OGC SensorThings API Part 1 - context

From SWE to SensorThings

B “Old” SWE Standards B Time for an update — SensorThings API
B XML Encoded
B SOAP bindings

M Requires tools for use

B Complex in use
¥ No easy browsing
B No pagination
B No pub/sub
B No updating
¥ No delete

Page & 26.08.2022 ® Fraunhafer I0SB OGC Sensor Things API ﬁ Fraun hﬂfer
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OGC SensorThings API Part 1 - context

OGC SensorThings API
The Update

B A standard for exchanging sensor data and metadata
B Historic data & current data
¥ |SON Encoded
B RESTful
B Adapting OASIS OData URL patterns and query options
B Supporting ISO MQTT messaging

Based on Observations & Measurements
B Easy to use & understandable

M Discoverable with only a web browser

Fage 7 26.08.2022 & Fraunhafer I05E OGC Sensor Things API ﬁ Fraun hﬂfer
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OGC SensorThings API Part 1 - context

How does it work?

R
* namic Sring
+id: <=if Typass * definiton LRI
+ rame; Sing = description: Siring
‘mg‘?‘m =
I :
ancosingTypa: Birirg :}uw

B Part 1: Data model

B Which entities exist

® How are they linked

B Part 2: URL patterns for queries

® How do | get & search data

REST
® How do | add data &
¥ How do | modify data MQTT
B How do | delete data
Page 8 26.09.2022 © Fraunhafer 1058 O0GC SensorThings API ﬁ Fraunhnfer




OGC SensorThings API Part 1 - context
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OGC SensorThings API Part 1 — data model

SensorThing APl Data model

The Core

Based on
Observations & Measurements

+ resull; <<any>>
+ phenomenonTime: TM_Object
+ resuliTime: TM_Instant [0..1]
o + validTime: TM_| Period [0..1]
+ phenomenonTime: TM_Period [0..1] + resultQuality: DQ_EIement [0..1]
+ resultTime: TM_Period [0..1] + parameters: JSONObject
+ properties: JSONObject Observationsi

\
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OGC SensorThings API Part 1 — data model

INSPIRE Mapping 3: Observed Property

4: Process ObservedProperty

Sensor * i, <<idType>>
.. + name: String
* id: <<idType>> + definition; URI
+ name. String + description: String
+ gescription: String + properties: JSONCbject
+ properties: JSONObject = N
+ encadingType: String ObservedProperty
+ metadata: <¢ar|?'>> Datastreams
Datastream
Observation
+ it <<ldType>>
+ name: String Observations | + d: <<kiType>>
. i + description: String KR 0. |+ resull; <<any>>
1' E‘nVIronmental + observationType; ValueCode [ Datastream 1« phenomenonTime: TM_Object
Monltdn 3 e + unitOfMeasurement 1 + resultTime: TM_Instant [0..1)
g .| + cbhservedArea + validTime: TM_Period [0,.1]
+ phenomenonTime: TM_Penod [0..1) + resultQuality: DGQ_Element [0..1]
+ resultTime: TM_Period [0..1] + parameters: JSONObject
+ |d. <<idType>> + properties: JSONObject Observabions A
+ name. Sting 4 ‘|
+ description; String 5: OM_Observation
+ properties: JSONObject
Histornc eatureOfinterast
Iﬂ * Things 0.*
Locations 0..° W i
Historicallocation FeatureOfinterest
Location |+ Id: <<idTypes> + id; <<kiType>>
+ id: <<idType>> |+ time: TM_Instant < name; String
+ name: String HistoricalLocations _ *Osscriphon: Sing
+ description: String 0 * + properties: JSONObject
+ properties: JSONObject + encodingType: String
+ encoding Type: String + feature: <<any>>
+ location: <<any>> S
2: Feature Of Interest
Page 12 29.09.2022 © Fraunhafer K058 SensorThings APl - Data Model AE Fraunhofer



OGC SensorThings API Part 1 — data model

BeAWARE

Flood Scenario Data Model

Datastreams

+ observationType: ValueCode
Datastreams| * unitOfMeasurement

0.*| + observedArea
+ phenomenonTime: TM_Penod [0..1)

Historicallocations
- .Qt:."

+ id: <<idType>>

+ time: TM_Instant

HistoricalLocations/
;e

FeatureOfinterest
1
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HERACLES

Building Data Model

Temperature 1 Palazzo det Consoll
Crack 1 wicth Pelazzo des Conscl
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Locations 0..*

“ - o e

OGC SensorThings API Part 1 — data model

Datastreams

0.°

Datastreams

0.*

> + i) <<idType>>

+ name: String

+ description: String

+ observationType: ValueCode

Datastreams| * unitOfMeasurement
0..*| + observedArea
+ phenomenonTime: TM_Period [0..1]
+ resultTime: TM_Period [0..1]
+ properties: JSONObject

HistoricallLocations
0.'y

+ id: <<idType>>
+ time: TM_Instant

HistoricalLocations4
0.

FeatureOfinterest
1

SensorThings APl - Data Model

Z

Fraunhofer
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OGC SensorThings API Part 1 — data model

BRGM

Water Quality Data Model

Datastreams | ~Dat
0..' + id; <<idType>>
+ name: String
+ description: String
: + observationType: ValueCode
m"‘? Datasireams| + unitOfMeasurement

0..*| + observedArea
+ phenomenonTime: TM_Penod [0..1}
+ resultTime: TM_Period [0..1]
+ properties: JSONObject

HistoricalLocations FeatureOfinterest
0.y

+Id: <<idType>>

+ time: TM _Instant
HistoricalLocationsA
0.
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Getting to your data
Quick Overview

B Based on OASIS OData

B Base URL: http://server.de/FROST-Server/vl.1
M Read: GET

N v1.1
B v1.1/Collection

- Get index

- Get all in a set

B v1.1/Collection(id) —= Get one from a set

OGC SensorThings API Part 1 — REST API

B Create: POST

B v1.1/Collection
B Update: PATCH

- Create a new entity

M v1.1/Collection(id) — Update an entity
B Update: PUT

M v1.1/Collection(id) — Replace an entity
B Delete: DELETE

M v1.1/Collection(id) = Remove an entity

29.00.2022 © Fraunhafer K058
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OGC SensorThings API Part 1 — REST API

Query URL patterns: Index

Get Service Index

B GET http://ogctest.docker01l.ilt-dmz.iosb.fraunhofer.de/v1.1

B Response: {

"wvalue" : [
{
"name" : "Datastreams",
"url"” : "http://server.de/SensorThingsService/vl.0/Datastreams"”
}.
{
"mame" : "FeaturesOfInterest”,
"url"” : "http://server.de/SensorThingsService/vl.(0/FeaturesOfInterest"
}.
{
}.
{
"name" : "Things",
"url"” : "http://server.de/SensorThingsService/vl.0/Things"
}

"serverSettings": {}

}

Page 4 20.00.2022 © Fraunhater 1058 SensorThings APl - REST API % Fraunhofer
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OGC SensorThings API Part 1 — REST API

Query URL patterns: Get Collection
Get All Things

B GET http://ogctest.docker0l.ilt-dmz.iosb.fraunhofer.de/v1.1/Things

B Response: ({
"value" : [
{
"name" : "My camping lantern",
"description" : "camping lantern",
"properties" : {
"propertyl" : "it's waterproof",
"property2" : "it glows in the dark"
},
"Locations@iot.navigationLink"” : "Things(1l)/Locations",
"HistoricalLocations@iot.navigationLink":
"Things (1) /HistoricalLocations",
"Datastreams@iot .navigationLink" : "Things(1l)/Datastreams",
"glot id" . 1,
"@iot.selflLink" : "/SensorThingsService/v1.0/Things(1)"

},
{

a second thing..

]},{..},{...},(...}

=

Page 5 29.09.2022 © Fraunhafer K058 SensorThings API - REST API =4 Fraunhofer
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OGC SensorThings API Part 1 — REST API

Query URL patterns: Get one Entity
Get Specific Thing

B GET http://ogctest.docker01l.ilt-dmz.iosb.fraunhofer.de/v1.1/Things(1)

B Response: {

"name" : "My camping lantern",
"description" : "camping lantern",
"properties" : {

"propertyl" : "it's waterproof",

"property2" : "it glows in the dark"
"Locations@iot.navigationLink" : "Things (1) /Locations",
"HistoricalLocations@iot.navigationLink" : "Things (1) /HistoricalLocations",
"Datastreams@iot.navigationLink" : "Things(l) /Datastreams"”,

"Riot. . id® z:A:
"@iot.selfLink" : "/SensorThingsService/v1.0/Things(1)"

Page 6 29.09.2022 © Fraunhater K058 SensorThings API - REST API % Fraunhofer
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OGC SensorThings API Part 1 — REST API

Query URL patterns: Get one Entity
Get Specific Thing

B GET http://ogctest.docker01l.ilt-dmz.iosb.fraunhofer.de/v1.1/Things(1)

B Response: {

"name" : "My camping lantern",
"description" : "camping lantern",
"properties" : {

"propertyl" : "it's waterproof",

"property2" : "it glows in the dark"
"Locations@iot.navigationLink" : "Things (1) /Locations",
"HistoricalLocations@iot.navigationLink" : "Things (1) /HistoricalLocations",
"Datastreams@iot.navigationLink" : "Things(l) /Datastreams"”,

"Riot. . id® z:A:
"@iot.selfLink" : "/SensorThingsService/v1.0/Things(1)"
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OGC SensorThings API Part 1 — REST API

A
|| Lot’s of other possibilities
® Get Related Entities
® Pagination
® Define the content you need in the response
o ‘Select’: to reduce it to the content you need
o ‘Expand’: to add information from relater entities
l o Sorting

~ ® Filtering

® And (next slide)

23
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OGC SensorThings API Part 1 — REST API

_ - Query URL patterns: Functions 1

Lots of Choice

B Comparison: M String Functions:
W gt: > ge:>= M substringof(p0, pl)
B Eg:= le:<= ¥ endswith(p0, p1)
it < ne:l= W startswith(p0, pl)
B Logical: ¥ substring(p0, p1)
M and/or/ not ¥ indexof(p0, pl)

B Mathematical: B |ength(pO)
B add / sub / mul / div / mod
¥ round(nl)

B floor(nl) / ceiling(nl)

® tolower(p0)
H toupper(p0)
H trim(p0)

B concat(p0, pl)

Page 12 29.00.202F O Fraunhafer K058 SensorThings APl - REST API

= Fraunhofer



Query URL patterns: Functions 2

Even more choice!

B Geospatial:

geo.intersects(gl, g2)
geo.length(l1)
geo.distance(gl, g2)
st equals(gl, g2)
st_disjoint(gl, g2)

st touches(gl, g2)
st_within(gl, g2)

st overlaps(gl, g2)
st_crosses(gl, g2)
st_intersects(gl, g2)
st_contains(gl, g2)
st_relate(gl, g2)

OGC SensorThings API Part 1 — REST API

B Date and Time:

now()

mindatetime()
maxdatetime()
date(tl)

time(tl)

year(tl)

month(tl)

day(tl)

hour(tl)

minute(tl)
second(tl)
fractionalseconds(tl)
totaloffsetminutes(tl)

20092022 © Fraunhafer K058
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OGC SensorThings API Part 1 — REST API

Query URL patterns: Filtering examples
Find me a Thing

B All observations with an even result

B Observations?$filter=result mod 2 eq 0

B Observations of the last hour
B Observations?sfilter=phenomenonTime gt now() sub duration’PT1H’

B https://en.wikipedia.org/wiki/ISO_8601#Durations

B Datastreams that measure temperature (ObservedProperty id 1)
B Datastreams?$filter=0bservedProperty/@iot.id eq 1

B Filtering on JSON properties
B Things?$filter=properties/style eq 'Cozy’

B Observations?$filter=result gt Datastream/properties/max

Page 15 28.08.2022 © Fraunbafer K058 SensorThings APl - REST API
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OGC SensorThings API Part 1 — REST API

Overview Map (ltaly)

Query URL patterns: $expand example 8
Get everything for my map in 1 request S e’

w/v1.1/Things? by
$select=id, name,description, properties
&Stop=1000 :
&$filter=properties/type eq 'station' = =
&$expand= | s S
Locations,
Datastreams (
$select=id, name, unitOfMeasurement
; $expand=
ObservedProperty ($select=name),
Observations (
$select=result, phenomenonTime
; $orderby=phenomenonTime desc

; Stop=1)

Page 13 28.08.2022 © Fraunhafer 1058 SensorThings APl - REST API ﬁ Fraunhofer
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OGC SensorThings API Part 1 — REST API

Creating new Entities
Create a new Thing

B POST ... /v1.1/Things

Content-Type: application/json;charset=UTF-8

{
"nama" : "Offica",
"description" : "My Work Room",
"properties" : {
"style" : "Business",
"balcony" : false
T
"Locations" : [
{
"@iot.id" : 1
}
1
}

B Response:
Location: http://localhost:8080/FROST-Server/vl.1/Things (2)

Page 70 29.09.2022 © Fraunhafer 1058 SensorThings API - REST AP ﬁ Fraunhofer
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Creating new Observations
Create a new Observation

B POST ... /vl.1/Observations
{

"result” : 123,
"Datastream" : {
"@iot.id" : 1
}
}

B POST ... /vl.1/Datastreams(1)/Observations
{

"result" : 123

}

B phenomenonTime and FeatureOfinterest are generated automatically if not provided.

OGC SensorThings API Part 1 — REST API

+ changing, deleting entities
+ extensions

Creating new Observations - HTTP vs MQTT

Options, options ...

Page 22

28.00.2022 © Fraunhofer K058 SensorThings APl - REST API

MQTT

HTTP
29

« Efficient for subsequent

* Connection management

* Can only create Observations

* Persistent connection makes load
balancing tricky

Observations

Simple requests

Can create all entities

Works through firewalls & proxies
Simple load balancing

* New connection per request



French Marine Agency (IFREMER)

La modélisation des objets métiers

Les profils (ex : flotteurs Argo) -> un cas particulier,
quand le X n’est pas le temps

Un seul temps pour n
observations selon Z (la
profondeur)

OGC SensorThings APl Part 1 — marine example

Le contexte métier

e Profiles: CTD, profiling floats (ARGO)

e PointSeries: moorings, including moorings with different vertical levels

e Trajectories: thermo-salinomers, gliders




OGC SensorThings APl Part 1 — marine example

French Marine Agency (IFREMER)
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https://sextant.ifremer.fr/examind/WS/sts/coriolis/v1.1
https://sextant.ifremer.fr/examind/WS/sts/coriolis/v1.1
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OGC SensorThings API Part 1 — Agronomy example

French Agronomic Institute (INRAE)

ObservedProperty

PROPRIETE
OBSERVEE

CAPTEUR
METHODE
OBSERVATEUR

Organic Carbon in a soil sample

RESULTAT DE

o ENSEMBLE L’OBSERVATION
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OGC SensorThings APl Part 1 — Agronomy example
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OGC SensorThings API Part 1 — GroundWater example

Piézométre 00463X0036-H1.2

Monitored by Groundwater level
monitoring facility

Sampled feature

Related Observation

\ 4

_ Raw groundwater
Ultimate feature of level

interest

URI @ hﬁéostiences pour une Terre durable
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Sensor
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OGC SensorThings API Part 1 — GroundWater example
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EliP:Piezo

Piezo to Pub/Sub

|
| French Geologic Survey (BRGM)
% ® From field sensors to SensorThings API server

Rub/Sub’server

topic Temperature

topic Conductivity

topic Transmission Voltage
topic Sensor Voltage

topic Ground Water Level

Pub/Sub to Frost

OGC SensorThings API Part 1 — GroundWater example

Frost{(SirApi)

Géosciences pour une Terre durable
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OGC SensorThings API Part 1 — GroundWater example

| .l French Geologic Survey (BRGM)
.= ® From field sensors to SensorThings API server using the full RESTful and MQTT capacities of the standard

_____________________

~

, & ' /‘Generic Pulsar2FROST
S — , component
" Piezo a N ]
" e ﬁ i SpringBoot
PULSAR |

Apache Camel KBTI |

Server

Topic temperature
Topic conductivity

- e -

opIC

Topic sensorVoltage E—

Topic groundWaterLeve| [SSSmmm—m)
Topic Piezo

# vy or

Piezo to Pub/Sub

l

D

PostgreSQL
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Extra material

o https://github.com/opengeospatial/om-swg

o New version available soon here : https://www.ogc.org/standards/om

® SensorThings API Part 1
o Standard : https://www.ogc.org/standards/sensorthings

o https://github.com/opengeospatial/sensorthings

o Many screenshots come from this workshop (EN/French) :

o https://github.com/INSIDE-information-

systems/SensorThingsAPl/tree/master/presentations/20220929 INSIDE SIST SensorThingsAPI Webinai
re

@ hﬁéasciences pour une Terre durable
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Are you too busy to improve?

We are
too busy

s.grellet@brgm.fr

Hakan Forss @hakanforss http://hakanforss.wordpress.com

This illustration S inspired by and in part derived from the work by Scott Simmerman, *The
Square Wheels Guy™ http://www.performancemanagementcompany.com/



Thanks to

Kathi Schleidt
Kathi@DataCove.eu

Hylke van den Schaaf
hylke.vanderschaaf@iosb.fraunhofer.de
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