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SUPSI

1IStSOS?2

Python implementation

Server Services - | Data Management Status (beta)

A software compliant with the OGC®
Sensor Observation Service wit

IStS@S

extended features and RESTFul AP
manage sensor data

to

Data Editor Data Viewer
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Open Source Software by Institute of Earth Science - SUPSI
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Welcome to istSOS-project

Free and Gpen

ISLTS@S

istS0S is an OGC

Sensor Qbsenvation Service Dele Management System

505 server implementation itten in Py S allows for managing and

dispatch abservations from monitoring sensors according to the Sensor Observation Senice
standard

provides also a Graphical user Interface that allows for easing the daily operations and
Wt api for automatizing administration procedures

IStSOS is released under the GPL License, and runs on &l maor platforms (Windows, Linux, Mec
O X). even though tests were conducted under & inux environment

Web sections
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Data Science integration

Data curation and quality of service

authentication & authorization

Graphical interface S Data aggregation

GUI

Completness \

TZ Time zone support Tlmehness

Multiple output JSON . iStSOS

o~
o
‘

I
Q Aivalability

ﬂfff// Native quality index

MQTT integrated support
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Supporting disaster management

s istS@S
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Digital Earth (Al Gore, 1998)

. Imagine a young child going
to a Digital Earth... she sees Earth as it appears
from space... she is interested in exploring...

through a 3-D visualization of the terrain... land
cover, distribution of plant and animal species,
realtime weather, roads, political boundaries,
and population. She can also visualize the
environmental information that she and other
students all over the world have collected...
seamlessly fused... shared as part of a globe.’



https://www.linkedin.com/pulse/adoption-digital-earth-standard-help-build-better-world-peterson
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Things has changed
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Romagna maggio 2023, settembre 2024

ricordo- della sciagura Tomagna- unanahsl preliminare/



https://teleromagna.it/it/attualita/2024/5/7/romagna-alluvione-un-anno-dopo-le-iniziative-in-ricordo-della-sciagura
https://teleromagna.it/it/attualita/2024/5/7/romagna-alluvione-un-anno-dopo-le-iniziative-in-ricordo-della-sciagura
https://www.snpambiente.it/snpa/arpae-emilia-romagna/alluvione-19-settembre-in-emilia-romagna-unanalisi-preliminare/
https://www.snpambiente.it/snpa/arpae-emilia-romagna/alluvione-19-settembre-in-emilia-romagna-unanalisi-preliminare/
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Valle Maggia 30.06.2024

14 4

Image: https://youtu.be/q7xezclKqLc?si=PcOIPE2cMU1__HSI

disperso-356686


https://youtu.be/q7xezclKqLc?si=PcOIPE2cMU1__HSl
https://www.cdt.ch/news/ticino/violenti-temporali-in-vallemaggia-i-morti-sono-3-ce-ancora-un-disperso-356686
https://www.cdt.ch/news/ticino/violenti-temporali-in-vallemaggia-i-morti-sono-3-ce-ancora-un-disperso-356686
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Valencia 29.10.2024

Image: https://english.elpais.com/climate/202
up-in-the-sea.html



https://english.elpais.com/climate/2024-10-30/victims-of-valencia-flood-i-thought-we-would-end-up-in-the-sea.html
https://english.elpais.com/climate/2024-10-30/victims-of-valencia-flood-i-thought-we-would-end-up-in-the-sea.html
https://fortune.com/2024/11/02/spain-flooding-largest-peacetime-troop-deployment-relief-rescue/
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The future ain't what i1t used to be

Climate change and non-stationarity statistics

Human wellbeing and climate change indicators observed
trends shows the same “hockey stick” behaviour denoting fast
changing scenario with higher entropy: phenomena changed
and observed statistics are no more valid !

' e . ] P S
Real GO F Fiir t what It used LU Lo
§: ea i. invest the future ain’t what 1t us ;
§ gY 5"
» ' ; cnrnn 200 ar stimato
,_,_.// é: i §°‘ progge e- treme (tempo dir ricorno 200 ann '”l,' —ﬂ‘.“
1 . S . ey M=) 2 : N =kazionatie etast stiche
o 1 1%0 1950 200 S0 o0 v v 1950 w04 0 vl 190 1950 2000 da distribuzioni non stazio arie metastalistiche)
o e ™ da dist F
Q =)
- ; ] g  WEV-Milera N
b | Primary o Fertili N N 200 4 O [
pul g | e § consumpt 3 s — MEY - Mantova /9
§ }w g K] MEY - Padavi J " '
» i K] i’ 1 P b |,Ix
0 N
'_7-/ | o © \
T a0 nd e w0 o tho 1950 0 o G o 1950 £ g | 7
o A o b oo g ] W 4 ul
o ] 160 v |
=% Q = f |
o o / :
2 ~ L\
it Water use ‘01 Paper = e - ™ B
§ i y gm production E 3 Ja0 f ! A ?“/.] "
] ] I g 2 : b N
/ 100 - - .
o W vho 190 med S o T 0 {27 mar g ® ® 12(
Yeur Your ol Your ‘G-‘) lu-;
= c
o ™ & £ 10O
iw Transportation o f @ 9
sm -
i= fl 0 ’ =
LJ 3 —
(153 s

Source: Il governo dell’acqua nel mondo che cambia, Andrea Rinaldo (Stockholm water prize 2023) - SUPSI Emergenza Terra 2024. https://youtu.be/DfAgerlu2087si=gYOyysgVbuWXibtA



https://youtu.be/DfA9erIu2O8?si=gYOyysgVbuWXibtA

It is therefore urgent and critical to develop new and
more sophisticated tools and methodologies to
observe and possibly predict fundamental processes.

- We need more data...

- We need higher frequency...

- We need to mesh data... wearlys
_ arnings

- We need analyses ready data... 2All

- We need real time data...

- We need geolocated data...



https://un.org/en/climatechange/early-warnings-for-all
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GeoData set the context
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Satellite & In situ complement each other

- Spatially distributed - Point-wise measures

- High coverage - Low spatial reso.

ution

- Maintained by external < Locally managed

- Low temporal resolution < High temporal resolution

- Indirect measures - High precision

- Homogeneous formats < Heterogeneous formats

« External cost « Local cost
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In situ:
Fidelity,
Resolution,
consistency

Sensors permits of
direct observing
phenomena with
high-frequency and
with consistency in
time.

FIDELITY, RESOLUTION, CONSISTENCY. Only in situ sensors,
typically in close contact with the monitored medium, can mea-
sure a host of water-related quantity and quality parameters and
processes (6) with reliable accuracy and sufficient frequency. Re-
mote sensing provides indirect measurements normally limited to
the near surface of the monitored object and affected by the media
between the sensors and the monitored object. Remote-sensing ob-

Fekete, B.M.; Robarts, R.D.; Kumagai, M.; Nachtnebel, H.-P.; Odadaq, E.; Zhulidov,
A.V. Time for in situ renaissance. Science 20I5, 349, 685-686.

Local phenomena

High variability
A o Low frequency sampling =~ = Real-time high frequency data
Q
©]
=
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Time



The interoperability Issue persists

In-situ sensor data fusion & interoperability

In the IoT domain
1. specific business logic {g% T 2 4 B 5 @J

of sensor vendors

2. specific data package ,ﬁ
optimization
approaches = z E =

led to a non-interoperable éﬁ 1 Q> | Q> I

landscape lacking ’

catalogues and metadata == " =
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https://www.ibmadison.com/9-tech-trends-that-could-dominate-business-in-2021-and-beyond/
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SUPSI

Open Source

... forever free usage for e =
everyone with full open -

: e
rights... it
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image source: https://medicalxpress.com/news/2013-03-reverse-impulses-useless-prime-brain.html

Microservice

... specialized services that
are designated to perform
specific tasks...

Reactive

... which is able to react in real-
time when activated by specific
pulses ...

Choreographed

... each activated service
knows how to react without
any external coordinator...




SUPSI

Advantages

 Scalability of microservices
(high loads scenario, big data)

e Reactivity of components
(real time reaction push)

« Atomicity of processes
(independence: best technology for the purpose)

e DevOps & Agile development approaches

(continuous integration)
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OM:Observation

OGC Observations and Measurements as
core element of the ecosystem

(ISO 19156)
the value observed
Observation the instant of the observation
' ].‘ESIllt when the result was available
Observed Property = “Wind_Speed" Phenomenomn-Jime + phenomenonTim
B Ref"" l . resultTime when the result is consummable

R ValidTime/

..o the quality of the result
resultQuality

+ ObservedProperty - the property observed

+ procedure the way measure is obtained
+ featureOfInterest -
+ uoImn

Feature of Interest gy 23 m/s 16.9.2010 13:45

(Sensor)
rocedure (ID =D

the geolocated subject of the observation

\ the unit of measure of the result
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Event bus approach
(reactive system)

Event Bus: Topic / Channel o
M) P & W
- 8] f\/czz:s

W M) T . . &

) / "2 8

W - N o

Scalability: easy scale ] )))

M..)) Durability: persists the messages on the disks @

Producers /

Sensors

% Eacne F k Reliability: replicates data

Performance: delivers high throughput

Consumers /
Applications
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GeoAl processing %&»
¥  istSOS* consumer g

S, oot forecasting =g
) ‘M) ‘W)) ‘W))

®
Data Curation & O
¥ istSOS4 consumer |—°
| —
https // NB “JoT MQTT

|
\/ istSOS*
F #y O&M Kafka consumer

Architecture

Observatlon ETL ]
(Extract, Transforam & Load) RT Processing o
O &M Kafka producer # 0&M Kafka consumer
RT Alerting
88 O&M #9 O&M Kafka consumer u

APACHE

S8 Kaifka. 23 88 23 88 23 88 - 83 &3 S,
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IStS©®S4...

toward a modern and interoperable
loT data management ecosystem

https://github.com/istSOS/istSOS4



https://github.com/istSOS/istSOS4

Is a IoT platform based on
the OGC® SensorThings

API (STA)
open standard

which is:

- Python

» Geolocated

- RESTtul
 JSON encoded
« OData Query
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Clients

4

Sensors
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https://localhost:8018/istsos4/v1.1

. o

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Routing logic

O FastAPI

GET
POST
PATCH
PUT
DELETE

Clients

3
#7 ,_": v -,

Web Server

é‘ll

---------------------------------------------
- .0

OData-Query

. QLA

SQLAlchemy-ORM

A

AsyncPG

ni—’
P -
4

([

il [ »s

Web Server


https://localhost:8018/istsos4/v1.1
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ObservedProperty

Sensor +name: CharacterString
+definition: URI

one Eraanasting TA d del
+encodingType: ValueCode +properties: JSON_Object[0..1] a a m O e

+metadata: Any

+properties: JSON_Object|[0..1] 1 | +observedProperty
1 | +sensor
0..* | +datastreams
Observation
+datastreams Datastream . .
+name: CharacterString +phen0n_"|en0nT|me: TM_Object
0. | +description: CharacterString +datastream +observations | tresultTime: TM_Instant
+observationType: ValueCode +result: Any
0. |+unitOfMeasurement: JSON_Object 1 0..x | +resultQuality: DQ_Element[0..”]
+observedArea: GM_Envelope[0..1] +validTime: TM_Period[0..1]
+datastreams | +phenomenonTime: TM_Period[0..1] +parameters: JSON_Object|0..1]
+resultTime: TM_Period[0..1]
+properties: JSON_Object[0..1] 0. * +observations
1 +thing
Thing
. +thing
+name: CharacterString 1|4 Off
+description: CharacterString 1 +teatureOtinterest
+properties: JSON_Object[0..1 :
Prop _Object[0.1] «CodeList» FeatureOfinterest
- 0..* +historicalLocations ValueCode -
0. +things +name: CharacterString
HistoricalLocation +description: CharacterString
. —— +encodingType: ValueCode
0..* |4iocations +time: TM_Instant +feature: Any
: +properties: JSON_Object[0..1]
Location 0..* +historicalLocations
+name: CharacterString +location
+description: CharacterString
+encodingType: ValueCode 1.*
+location: Any
+properties: JSON_Object[0..1]
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ObservedProperty
Sensor +name: CharacterString a a
. +definition: URI
M h d :gg;nc?'ipggﬁ'raccazrrigggsving +description: CharacterString Phenomenon
! ' + rties: JSON_Object[0..1
et 0 +encodingType: ValueCode properties _Object{0..1] m O d e I
+metadata: Any 1
+properties: JSON_Object|[0..1] +observedProperty
1 | tsensor
0..* | +datastreams
Observation
+datastregns Datastream . .
+name: CharacterString +phenomenonT|me: TM_Object
O}* | +description: CharacterString +datastream +observations | tresulttime: TM_Instant
+observationType: ValueCode +result: Any
ol* |+unitOfMeasurement: JSON_Object 1 0..* | *resultQuality: DQ_Element[0..”]
+observedArea: GM_Envelope[0..1] +validTime: TM_Period[0..1]
+datastreafs | +phenomenonTime: TM_Period[0..1] +parameters: JSON_Object[0..1]
+resultTime: TM_Period[0..1]
+properties: JSON_Object[0..1] 0. * +observations
What 1| +thing Observation
Thing
X thing
+name: CharacterString 1
+description: CharacterString 1 +featureOfinterest
+properties: JSON_Object[0..1]
o _ FeatureOfinterest
* 0..* +historicalLocations -
0.. +things +name: CharacterString
HistoricalLocation +description: CharacterString
. — +encodingType: ValueCode
0.* | +locations +time: TM_Instant +feature: Any
- +properties: JSON_Object[0..1]
Location 0..* +historicalLocations
+name: CharacterString +location
+description: CharacterString
+encodingType: ValueCode 1. .
+location: Any Observed Location
+properties: JSON_Object[0..1]
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ObservedProperty
W Hvdrolo
ater level y y
Pressure
SEIISOT 1 | +observedProperty
1 | +sensor
0..* | +datastreams
Observation
+datastreams Datastream
0.* +observations| _
| datastream fime: 2024-10-30T12:00
0.* 1 o.* | result: 12.
m3/s 43
+datastreams
0.* +observations
1 +thing
Thing
+thing
. 1 1 | +featureOfinterest
River
FeatureOfinterest
" 0..* +historicalLocations
0. +things
HistoricalLocation Lat: 46.0055°
0..* |tlocations +time: TM_Instant Lon: 8.9660°
Location 0..* +historicalLocations

+location

Area 1.
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ObservedProperty
Infrastructures
Accelleration
Accellero-
mEter 1 +observedProperty
1 | +sensor
0..* | +datastreams
Observation
+datastreams Datastream
0.* +datastream +observations| t1me; 12:10 - 12:15
o 1 o~ | result: [1.04, 0.09,-
m/s?2 0.12,..
+datastreams
0. +observations
1 +thing
Thing
+thing
. 1 | +featureOfinterest
Bridge L

FeatureOfinterest

0..* +historicalLocations

0.* | +things
HistoricalLocation

Lat: 46.0055°
+time: TM_Instant Lon: 8.9660°

* .
0. +locations

Location 0..* +historicalLocations

+location

Area 1.
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Sensor

ObservedProperty

1 | +observedProperty

0..* | +datastreams

Datastream

+datastream

Agronomy

Observation

+observations

1

1 +sensor
+datastreams
0.*
0.*
+datastreams
1 +thing
+thing
1
0.* | +things
0.* +locations
Location
+location

0..* +historicalLocations

HistoricalLocation

+time: TM_Instant

0..* +historicalLocations

1.*

0..*

+observations

1 | +featureOfinterest

FeatureOfinterest
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ObservedProperty
Sensor .
Phycocyanin y
concentration
fluorometer |
1 +observedProperty
1 | +sensor
0..* | +datastreams
Observation
+datastreams Datastream
0.* +observations| , -
j dasastream time: 2024-10-30T12:00
0..* ug il 1 0.* | result: 253
+datastreams
0. * +observations
1 +thing
Thing
+thing
1 1 | +featureOfinterest
Lugano Lake
FeatureOfinterest
* . 0..* +historicalLocations
0.. +things
HistoricalLocation Lat: 46.0055°
0..* |tlocations +time: TM_Instant Lon: 8.9660°
Location 0..* +historicalLocations
+location
Area 1>
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entities

Things
O D d t d Locations
Datastreams
Sensors
Service URL:  http://api:5000/istsos4/v1.1/ ObservedProperties
returns the service «capabilities» Observations
FeatureOfInterest
Create Read Update Delete
POST GET PATCH, PUT DELETE
- vl.l/entity - vl.l/entity - vi.1/entity(id) - vi.1/entity(id)
- vi.1/entity(id)
Insert a new item Read a set of items or a | Update (PATCH) or Delete a single item
single item replace (PUT) a single

1tem



http://api:5000/istsos4/v1.1/
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GET

http://api:s000/istsos4/vi.1

- value: [

- {
name:
url:

}

-{
name:
url:

}

— ]
name:
url:

|

~ |
name:
url:

}

- {
name:
url:

}

-{
name:
url:

}

— ]
name:
url:

|

~ |
name:
url:

}

1.

"Datastreams

"FeaturesOfInterest",

"Historicallocations",

"Locations",

"Observations"”,

"ObservedProperties”,

"Things

- serverSettings: {
- conformance: [

Sensors",

’

r


http://api:5000/istsos4/v1.1
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GET - 1tems

http://api:5000/istsos4/vi.1/Sensors

@iot.id: 1,

@iot.selfLink: "
Datastreams@iot.navigationLink: "
name: "sensor name 1",
description: "sensor 1",
encodingType: "application/pdf",
metadata: "Temperature sensor",
properties:

@iot.id: 2,

@iot.selfLink: "
Datastreams@iot.navigationLink: "
name: "sensor name 2",
description: "sensor 2",
encodingType: "application/pdf",
metadata: "Motion sensor",
properties:

@iot.id: 3,

@iot.selfLink: "
Datastreams@iot.navigationLink: "
name: "sensor name 3",
description: "sensor 3",
encodingType: "application/pdf",
metadata: "Humidity sensor",
properties:

@iot.id: 4,

@iot.selfLink: "
Datastreams@iot.navigationLink: "
name: "sensor name 4",
description: "sensor 4",
encodingType: "application/pdf",
metadata: "Humidity sensor",


http://api:5000/istsos4/v1.1/Sensors
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GET - a single item

http://api:5000/istsos4/vi.1/Sensors(4)

@iot.id: 4,

@iot.selflLink:
Datastreams@iot.navigationLink: "
name: "sensor name 4",
description: "sensor 4

¥

encodingType: "application/pdf",
metadata: "Humidity sensor
properties:



http://api:5000/istsos4/v1.1/Sensors(4)
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OData advanced

- Sort results ($orderby=...)
http://api:so00/istsos4/vi.1/Things?sorderby=name

- Paginate results ($top=..., $skip=..., $count=...)
http://api:s000/istsos4/v1.1/Things?stop=10&$skip=20&s$count=true

- Select fields ($select=...)
http://api:s000/istsos4/vi.1 /ThingsZsselect=name,description

- Nest related objects ($expand-=...)
http://api:s000/istsos4/vi.1/Thingsisexpand=Locations

- Filter based on conditions ($filter=...)
http://apoi:s000/istsosa/vi.1/Observationssfilter=result gt 91



http://api:5000/istsos4/v1.1/Things?$orderby=name
http://api:5000/istsos4/v1.1/Things?$top=10&$skip=20&$count=true
http://localhost:8018/istsos4/v1.1/Observations?$filter=result%20eq%2091
http://api:5000/istsos4/v1.1/Things?$select=name,description
http://api:5000/istsos4/v1.1/Things?$expand=Locations
http://localhost:8018/istsos4/v1.1/Observations?$filter=result%20eq%2091
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Operations & Functions

Operator Description

Comparison Operators

eq Equal
ne Not equal
gt Greater than
ge Greater than or equal
It Less than
le Less than or equal
Logical Operators
and Logical and
or Logical or
not Logical negation
Arithmetic Operators
add Addition
sub Subtraction
mul Multiplication
div Division
mod Modulo

Grouping Operators

@) Precedence grouping

Example

/Datastreams?$filter=unitOfMeasurement/n:
/Datastreams?$filter=unitOfMeasurement/n:
/Observations?$filter=result gt 20.0
/Observations?$filter=result ge 20.0
/Observations?$filter=result 1t 100

/Observations?$filter=result le 100

/Observations?$filter=result le 3.5 and Fe
1

String Functions

bool substringofistring p0, string p1)
bool endswith(string p0, string p1)

bool startswith(string p0, string p1)

int length(string p0)
int indexof{(string po, string p1)

string substring(string p0, int p1)

string substring(string p0, int p1, int p2)

string tolower(string p0)
string toupper(string p0)
string trim(string p0)

string concat(string p0, string p1)

/Observations?$filter=result gt 20 or resul Date Functions

/Things?$filter=not startswith(description intyear

/Observations?$filter=result add 5 gt
/Observations?$filter=result sub 5 gt
/Observations?$filter=result mul 2 gt
/Observations?$filter=result div 2 gt

/Observations?$Tilter=result mod 2 eq

/Observations?$filter=(result sub 5)

int month

int day

int hour

int minute

int second

int fractionalseconds

int date

time

int totaloffsetminutes
{ now

mindatetime

maxdatetime

substringof('Sensor Things',description)
endswith(description, 'Things')
startswith(description, 'sensor")
length(descriptieon) eq 13
indexof(description, 'Sensor') eq 1

substring(description,1) eq 'ensor Things'
substring(description,2,4) eq 'nsor’

tolower (description) eq 'sensor things
toupper (description) eq 'SENSOR THINGS'
trim(description) eq 'Sensor Things

concat(concat(unitOfMeasurement/symbol,", "),

unitOfMeasurement/name) eq 'degree, Celsius

year(resultTime) eq 2015
month({resultTime) eq 12
day(resultTime) eq 8
hour(resultTime) eq 1
minute(resultTime) eq O
second(resultTime) eq O
second(resultTime) eq O
date(resultTime) ne date(validTime)
time(resultTime) le validTime
totaloffsetminutes(resultTime) eq €0
resultTime ge now()

resultTime eq mindatetime()

resultTime eq maxdatetime()

Spatial Relationship Functions
bool st_equals

bool st_disjoint

bool st_touches

bool st_within

bool st_overlaps

bool st_crosses

bool st_intersects

bool st_contains

Math Functions
round

floor

ceiling

Geospatial Functions

double geo.distance(Point p0, Point

pl)

double geo.length(LineString p0)

bool geo.intersects(Point po0,

Polygon p1)

st_equals(location, geography'POINT (30 10)")

st_disjoint(location, geography'POLYGON ( (30
10, 10 20, 20 40, 40 40, 30 10))")

st_touches(location, geography'LINESTRING (30
10, 10 30, 40 40)")

st_within(location, geography'POLYGON ((30 10,
10 20, 20 40, 40 40, 30 10))")

st_overlaps(location, geography'POLYGON ( (30
10, 10 20, 20 40, 40 40, 30 10))"')

st_crosses(location, geography'LINESTRING (30
10, 10 30, 40 40)")

st_intersects(location, geography'LINESTRING
(30 10, 10 30, 40 40)"')

st_contains(location, geography'POINT (30
10)")

round(result) eq 32
floor(result) eq 32

ceiling(result) eq 33

geo.distance(location, geogr
10)")

geo.length(geography'LINESTR
40 40)")

geo.lintersects(location, geo
((30 10, 10 20, 20 40, 40 40,
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Transaction: create - meme:‘lugnolake,

‘description”: “The Apline Lake located in
Southern Switzerland”,

POST /v1.1/Things HTTP/1.1 ‘properties: {

. . [ 99, ¢ 299
Host: http://api:5000/istsos4 Catchment area™ “565.6 km®,
“Surface Area”: “38.7 km?”,

“Avg. Depth”: “124 m”,
“Max depth”: “288 m”,
“Water Volume”: “6.5 km

Content-Type: application/json

399

This create a new element with

the provided fields'! » o .
Surface elevation”: “271 m
“Primary inflows”: [“Vedeggio”,

“Cassarate”, “Cuccio”, “Laveggio”,
“Magliasina”, “Bolletta”,
“Scairolo”]

RESPONSE HEADER “Primary outflows”: “Tresa”

HTTP/1.1 201 Created 1

Content-Type: application/json 1

Location: http://localhost:8018/istsos4/v1.1/Things(1)



http://api:5000/istsos4
http://localhost:8018/istsos4/v1.1/Things(1)

SUPSI ioisaimrapretessenste
Transaction: update

PATCH /v1.1/Things(1) HTTP/1.1
Host: http://api:s000/istsosa
Content-Type: application/json

"properties’; {
“Surface Area”: “48.7 km?”,

This updates only the provided “Avg. Depth”: “134”
fields, Primary inflows filed will ]
still be the same !

RESPONSE HEADER

HTTP/1.1 204 No Content

Content-Type: application/json

Location: http://localhost:8018/istsos4/v1.1/Things(1)



http://api:5000/istsos4
http://localhost:8018/istsos4/v1.1/Things(1)
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Transaction: replace

{
. ‘name’: “Lugano Lake",
PUT /v1.1/Things(1) HTTP/1.1 "description”: “The Apline Lake located in
Host: http://api:5000/istsoss Southern Switzerland”,
Content-Type: application/json ‘properties™: {

“Catchment area”: “565.6 km?”,

, , , “Surface Area”: “48.7 km?”,
This replace the entire object and “Ave. Depth”: ’ 7
Primary inflows filed will not be AV HEPHL - 13411
present anymore ! Max depth™ 288 m”,

”, &

“Water Volume”: “6.5 km*”
“Surface elevation™ “271 m”

RESPONSE HEADER ]
HTTP/1.1 201 Created

Content-Type: application/json

Location: http://localhost:8018/istsos4/v1.1/Things(1)



http://api:5000/istsos4
http://localhost:8018/istsos4/v1.1/Things(1)

Transaction: delete

DELETE /v1.1/Things(1) HTTP/1.1
Host: http://api:5000/istsos4

This delete the entire object !

RESPONSE HEADER
HTTP/1.1 204 No Content

Content-Type: application/json


http://api:5000/istsos4

Create nested

"name": "Lugano Lake",

"description”: "The Alpine Lake located in Southern Switzerland",
"properties": {
"Catchment area": "565.6 km?",

"Surface Area": "48.7 km?*',
"Avg. Depth”: "134 m”",
"Max depth": "288 m",

"Water Volume": "6.5 km*",

"Surface elevation": "271 m",

"Primary inflows": ["Vedlelz\%gio'_', "Cassarate’, "Cuccio’, "Laveggio’,
agliasina”, "Bolletta", "Scairolo"|,

"Primary outflows": "Tresa"

h

"Locations": |
‘name"; "Measurement Location - Lugano Lake",

"description: "Specific location within the lake where
water quality is measured."”,

"location": {
"type": "Point”,
"coordinates": [8.9667, 45.9833|
}
!
2

"Datastreams"”: |

{

"name": "pH Level",

"description”: "Datastream for measuring pH

levels of water in Lugano Lake",
"unitOfMeasurement”: {
‘name": "pH",
"symbol": "pH",

“definition": "http://www.qudt.org/qudt/owl/1.0.0/
unit/Instances.htmls#pH"
2

‘observationType": "http://www.opengis.net/def/ .
observationType/OGC-OM/2.0/OM_Measurement

"ObservedProperty": {
‘name"; "pH Level",
"description": "The pH level of the lake water.",
"definition"; "http://www.opengis.net/def/property/OCC/o/pH"
L
"Sensor": {
‘name": "pH Sensor",
"description": "A sensor that measures pH levels of the lake water.",
‘encodingType": "application/pdf”,
"metadata”; "https://sensor.com/ph-sensor-manual.pdf"

i
"Observations": |
{
"result": 7.5,
"phenomenonTime": "2024-10-01T08:00:00Z"
8
"result": 7.6,
"phenomenonTime": "2024-10-02T08:00:00Z"
i RESPONSE HEADER

HTTP/1.1 201 Created
Content-Type: application/json

Location: http://localhost:8018/istsos4/v1.1/Things(1)


http://localhost:8018/istsos4/v1.1/Things(1)
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1IStSOS 4 -Load test (Preliminary results)

2000 concurrent users

. Min
Type Name Request Count Failure Count Med|e_1n RESIOMES Average-Response Response Requests/s
Time (ms) Time :
Time
GET Datastream() 110371 0 17000 17900.29 36.09 5.89
GET GetCapabilities 22039 0 74 473.08 2.04 1.18
GET GetDatastreams 45648 0 18000 19225.35 164.00 2.44
GET GetObservations 1 day 550251 0 17000 17822.92 29.20 29.35
GET GetObservations 1 month 44420 0 18000 18130.47 151.31 2.37
GET GetObservations 1 week 1102127 0 17000 17894.92 47.75 58.79
GET GetThings 45512 0 17000 18003.86 22.71 2.43
POST InsertObservations 28600 0 20000 20666.64 547.28 1.53
GET Thing() 110286 0 17000 17808.32 14.69 5.88
Aggregated 2059254 0 17000 17760.35 2.04
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Can | using OGC standards to perform:

- Auditing and Compliance (reproducibility):
Retrieve data states for audits or regulatory requirements.

- Data Recovery:
Recover previous versions in case of accidental modifications
or deletions.

- Analysis Over Time: . . .
Compare data states across different periods for trend analysis
or insights.
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Reproducibility Reproducibility Reproducibility
for satellite data for vector data for IoT data
services services services
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The Challenges of Reproducibility for Research Based on Geodata Web
Services

A Massimiliano Cannata * (), (& Maxime Collombin, (&' Olivier Ertz, .GregoryGiulianl. A Jens Ingensand, Claudio Primerano, (&' Daniele Strigaro (&)

This version is not peer-reviewed - ks e { o
-~ - o

CEE : 15-18 Decamber-2624 —Bamgkak; Thailandem -
Abstract - o = ' b o it

Madavn racanvah amnling thea Minan Qainnan anmraanhk that fratars thoa neadistiam and ahardas Af Minan Pata ancacdins ta the EAID (EinAakla

Cannata, M.; Collombin, M.; Ertz, O.; Giuliani, G.; Ingensand, J.; Primerano, C.; Strigaro, D. The Challenges of Reproducibility for Research Based
on Geodata Web Services. Preprints 2023, 2023122316. https://doi.org/10.20944/preprints202312.2316.v1



https://doi.org/10.20944/preprints202312.2316.v1

SUPSI

IstSOS4...

...a service for reproducible research
and data curation



Traveltime extension

The ability to
access and query data
as it was at a specific point in the past.

This feature allows users to "rewind” the state of
the data to view previous data versions without
impacting the current state.



STA - traveltime extension

IR

o &
_O—i—o_0—|—0—|_0—|_,>
add | add update : add add : fme
| | |
| o e il
T1 T2 13 NOW

- Get as it was ($as_of=...)
http://localhost:8018/istsos4/vi1.1/Things?sas_of=2002-03-01T13:00:007Z

- Get how it changes ($from_to=...)
http://localhost:8018/istsos4/v1.1/Thingssfrom_to=2002-03-
01T13:00:007Z/2003-05-11T15:30:007



http://localhost:8018/istsos4/v1.1/Things?$as_of=2002-03-01T13:00:00Z
http://localhost:8018/istsos4/v1.1/Things?$from_to=2002-03-01T13:00:00Z/2003-05-11T15:30:00Z
http://localhost:8018/istsos4/v1.1/Things?$from_to=2002-03-01T13:00:00Z/2003-05-11T15:30:00Z
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Commit - immutable entity (1:n)

Properties

author

actionType

encodingType

message

date

Type

string(128)

ValudeCode

string

string(256)

ISO 8601 date-time

Multiplicity and use

One (system managed)

One (system managed)

One (optional)

One (mandatory)

One (system managed)

Description

Personal user identifier (Authority, like
ORCID, or User Profile Link)

The action used when the message was
generated (CREATE, UPDATE, DELETE)

The encoding type of the message
(default is text/plain).

Commit message detailing the scope,
motivation, and method of the
transaction.

A date-time that specifies the exact
moment when the commit was
executed.
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User entity

Properties Type Multiplicity and use Description

username string(128) One (mandatory) Postgresql user with its own password,
that is created by admin at user creation

uri URI One (optional) Personal user identifier (e.g. ORCID)

contact JSON_Object One (optional) ContactInformation element in JSON
representation (see OGC API reference)

role ValueCoded One (mandatory) One of: Admin, Editor, Viewer,
Obs_manager, Sensor
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N ObservedProperty
Sensor h +name: CharacterString
. +definition: URI : 1ea
Users Fhame: C_,haracterStnng _ +description: CharacterString Extension of all Entities
+description: CharacterString +properties: JSON_Object[0..1] - . ]
- +encodingType: ValueCode i - - *+ PETTNISSIONS. 755
+ username: CharacterString +metadata: Any +owner id:
+ uri: URI+ contact: * < , 1 id
. O0.. |+ rties: JSON_Object[0..1 +observedProperty +group_1
JSON_Object [0..1] properies _Object(0..1]
+ role ValueCoded
1 | tsensor
0,1
0..* | +datastreams
Commit 0.¥
o Observation
+ author: URI +datastreams Datastream | ‘ - - TV Obiect
L. ¥ : : +phenomenonTime: TM_Objec
+ encodingType: ValudeCode 0..* il Qha_racterStrmg i i +resultTime: TM_Instant
> . . +description: CharacterString +datastream +observations —
+ message: CharacterString 0. | +observationType: ValueCode +result: Any
+date: TM_Instant 0. | +unitOfMeasurement: JSON_Object 1 0.* |+resultQuality: DQ_Element[0..]
+observedArea: GM_Envelope[0..1] +validTime: TM_Period[0..1]
0,1 +datastreams | +phenomenonTime: TM_Period[0..1] +parameters: JSON_Object[0..1]
+resultTime: TM_Period[0..1]
a a +properties: JSON_Object[0..1] 0.+ +observations
0.% 1 +thing
model
- +thing
+name: CharacterString 1| 4 Of
+description: CharacterString 1 HeatureOlinterest
+properties: JSON_Object[0..1]
o _ FeatureOfinterest
- 0..* +historicalLocations :
0.. +things 0. ¥|*name: CharacterString
HistoricalLocation " _| +description: CharacterString
. — +encadingType: ValueCode
0.. +locations +time: TM_Instant +feature: Any
: +properties: JSON_Object[0..1]
Location 0.* +historicalLocations
0..* | +name: CharacterString +location
+description: CharacterString
+encodingType: ValueCode 1>
+location: Any
+properties: JSON_Object[0..1]
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User Oauth login

POST /vi.1/users HTTP/1.1
Host: http://api:5000/istsos4 POST /vi.1/login HTTP/1.1
‘ Host: http://api:5000/istsos4

username: “utentel”
password: ”********"’
uri: “https://orcid.org/0000-0003-2527-1416", 13()(15/
role: “admin” Grant—type=
tact:
contact: { . password&username=utente1&password = swxs
ContactPersonPrimary": {
"ContactPerson": "Mario Rossk:,
"ContactOrganization": ”ng§ne di Milano"

g Q

"ContactPosition": "Rgaplonsabile GIS", EXiSting ROles

"ContactAddress” &CSD
"AddressType' <§G@osta

"Address” Roma, 1" Admin: full rights on schema
"City": <g}1ano

‘StageProvince": NI, Editor: CRUD on schema (no drop!)

"P ode": 20121,

érC;‘bountry": 'Italia’ Viewer: SELECT rights on schema

"ContactVoiceTelephone": "+39 02 123 4567", . 1
"ContactFacsimileTelephone”: "+39 02 765 4321", Obs—manager' CRUD on Observatlons

"ContactElectronicMailAddress": "mario.rossi@comune.milano.it”

Sensor: INSERT on Observations (no commit!)



http://api:5000/istsos4
http://api:5000/istsos4
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POST, PATCH, DELETE:
mandatory commit in header (except for sensor role)

POST /v1.1/Things HTTP/1.1 This update the Lugano
Host: http://api:5000/istsosy Lake'fllecﬁ?% vquth the
Content-Type: application/json PIOVIGEE HEIEs -
Commit-message: Corrected max depth information

{
"name" . “Lugano Lake",
"description”: “The Apline Lake located in Southern Switzerland",
"properties”: {
“Catchment area”: “565.6 km?”,
“Surface Area”: “38.7 km2"”,
“Avg. Depth”: “124 m”,
“Max depth”: “288 m”,
“Water Volume”: “6.5 km®",

“Surface elevation”: “271 m”
“Primary inflows”: [“Vedeggio”, “Cassarate”, “Cuccio”, “Laveggio”, “Magliasina”, “Bolletta”, “Scairolo”]
“Primary outflows”: “Tresa”


http://api:5000/istsos4
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GET - items as It was

http://localhost/istsos4/vi1.1/Things(1)/$as of=202

"@iot.id":1,
"@iot.selfLink": "http://localhost:8018/istsos-miu/v1.1/Things(1)?Sas_of=2024-09-02T15:22:05.04Z",
"Locations@iot.navigationLink": "http://localhost:8018/istsos-miu/v1.1/Things(1)/Locations?Sas_of=2024-09-

02T15:22:05.0472",
"Historicallocations@iot.navigationLink": "http://localhost:8018/istsos-

miu/v1.1/Things(1)/HistoricallLocations?Sas_o0f=2024-09-02T15:22:05.04Z2",
"Datastreams@iot.navigationLink" :"http://localhost:8618/istsos-miu/v1.1/Things(1)/Datastreams?Sas_of=2024-09-

02T15:22:05.04Z",
"Commit@iot.navigationLink": "http://localhost:8018/istsos-miu/v1.1/Things(1)/Commit(1)",

"name"” : “Lake Lugano",
"description”: “The Apline Lake located in Southern Switzerland",

"properties” :{
“max_depth": "288 m”
}


http://localhost/istsos4/v1.1/Things(1)?$as_of=2024-09-02T15:22:05.04Z
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GET —-1tem as it was with commit

http://localhost/istsos4/v1.1/Things(1)?$as of=2024-09-02T15:22:05.04Z%expand=Commit

VUl L L . \
"@iot.id":1,
"date": "2024-09-02T715:22:03.044308+00:007",
"author": "https://orcid.org/0000-0003-2527-1416",
"message”: “Corrected max depth information"”,
"encodingType": “text/plain”,
“actionType”: “CREATE",
"@iot.selflLink": "http://localhost:8018/istsos-miu/v1.1/Commits(1)"


http://localhost/istsos4/v1.1/Things(1)?$as_of=2024-09-02T15:22:05.04Z$expand=Commit

s U PS I Scuola universitaria professionale "value": |
della Svizzera italiana {
"@iot.id": 2108168,
"@iot.selfLink": "http://api:5000/istos4/v1.1/0bservations(2108168)",

"FeatureOfInterest@iot.navigationLink": "http://api:5600/istos4/v1.1/0bservations(2168168)/Featu
— "Datastream@iot.navigationLink": "http://api:56000/istos4/v1.1/0bservations(2168168)/Datastream”,

"phenomenonTime" : "2024-09-27T18:00:00+00:00",

"resultTime": null,

items as RS
they has

"validTime":

"narameters" - null

systemTimeValidity": "20624-11-089 08:45:51.792071+00/2024-11-10 ©8:49:43.484626+060",
Commit@iot.navigationLink": "http://api:5000/istos4/v1.1/0bservations(2108168)/Commit(1)"

e
{
"@iot.id": 2108168,
b e e n "@iot.selfLink": "http://api:5000/istos4/v1.1/0bservations(2108168)",
"FeatureOfInterest@iot.navigationLink": "http://api:5600/istos4/v1.1/0bservations(2168168)/Featu
"Datastream@iot.navigationLink": "http://api:5600/istos4/v1.1/0bservations(2168168)/Datastream",
"phenomenonTime": "2024-09-27T18:00:00+00:00",
. . . "resultTime": null,
: i:5000/istsos4/v1.1/Observations? "result": 23.75,
Sfilter=id eq 2108168& fesuitQuality 160,
validTime": null,
Sfrom t0=2024-11-09T08:00:00 "parameters”: null.
12:00:00 systemTimeValidity": "2024-11-10 08:49:43.484626+00/2024-11-15 08:49:56.901067+00",
EEQI___;___;__ Commit@iot.navigationLink": "http://api:5000/istos4/v1.1/0bservations(2108168)/Commit(2)"
’
{
"@iot.id": 2108168,
"@iot.selfLink": "http://api:5000/istos4/v1.1/0bservations(2108168)",
"FeatureOfInterest@iot.navigationlLink": "http://api:5000/istos4/v1.1/0bservations(2108168)/Featu
"Datastream@iot.navigationLink": "http://api:5000/istos4/v1.1/0bservations(2108168)/Datastream”,
"phenomenonTime" : "2624-09-27T18:00:00+00:00",
"resultTime": null,
"result": 23.75,
"resultQuality": 100,
"validTime": null,
"parameters": null,
"systemTimeValidity": "2024-11-15 08:49:56.901067+00/infinity",
"Commit@iot.navigationLink": "http://api:5000/istos4/v1.1/0bservations(2108168)/Commit(3)"
}



http://api:5000/istsos4/v1.1/Observations?$filter=id
http://api:5000/istsos4/v1.1/Observations?$filter=id

Quickstart (branch edu_traveltime)

Download & startup service

» git clone -b edu_traveltime https://github.com/istS0S/istS0S4.git
» cd edu_traveltime

» docker-compose -f edu_docker-compose.yml up -d

Activate versioning
» docker-compose -f edu_docker-compose.yml down --volumes --rmi all

» sed -i ‘s/*VERSIONING=.*/VERSIONING=true/ .env
» docker-compose -f edu_docker-compose.yml up -d




Near Future planned works

» Support the STAplus extension
(data license & citizen science support)

- Integrate istSOS in «Green Deal Data Spaces»



Conclusions

- A new OGC STA service in python

o Performance pf the service are better than the reference
implementation

- Innovative features has been implemented:
- A traveltime extension has been proposed and implemented to
support reproducibility (persistent identifier)
- A user authentication and authorization has been implemented to
control data access (sovreignity)
- A commit system to support (data lineage)




SU PS I Scuola universitaria professionale
della Svizzera italiana

IStS@©S%...

https://github.com/istS0S/istS0S4.git

Thanks

Join the community as User or Developer
https://github.com/istSOS/istSOS4/discussions
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