: | Welcome ta the' |
% senucap -34S Sen4CA’P

“.common agrlcultural pollcg A LV o Webl nar

The webinar will last around 1h

The slides will be available on the Sen4CAP website in the coming 48 hrs CS
(http://esa-sendcap.org/) P are N

a Sopra Steria company

Presenters:

Cosmin Udroiu & Laurentiu Nicola from CS GROUP - ROMANIA . UCLouvqin

Sophie Bontemps, Louis Descarpentries & Dries De Bievre from UCLouvain

Pontus Lurcock & Norman Fomferra from Brockmann Consult Gmbh n BROCKMANN
CONSULT

Members of the consortium available to answer your questions

ESA UNCLASSIFIED - For Official Use

= ) B it M & = European Space Agency



Webinar outline

« JTaaS Sen4CAP overview

« Demo

« Conclusions and next steps
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SendCAP Orchestrator

Sen4CAP =

Biophysical Indicators Processor Vegetation
O p e n 3 S O u rce S y Ste m ’Q Biophysical Indicators Processor ’ Inf‘](i:l:;rs
Scheduled Scheduled l I J. |

S2 L1CTime '\

L2A Optical

Grassland Monitoring Processor Grassland
’ ’ Mowing
() Grassland Monvtonng Processor Monitoring
Triggered Scheduled l
i

Atmospheri ’ ’
* OSP. 20 Time Series / Crop Type MaD Processor

Corrections
Scheduled I t‘ I I I I

Crop Type Map Processor
L8 LAT Time
Series l
$ - e ’ : Agricultural Practices Monitoring Processor ’ EFA and Tillage
Triggered Agricultural Practices Monitoring Processor monitoring
s Node #4

S1SLCTi Scheduled
ime
e > [ET

Processing

Sc@led/ [ B

Crop
Diversification

Change
Detection Flags

<% Sentinel-1 & -2 Triggered
% Automated and modular i (e
% For NRT or off-line production s,c@w I l I I' ll
<+ Demonstrated at national scale T s — » €=
+ Portable on all DIAS-es or operated locally ’,; ' Morkers Database Processors ke
% User-friendly & API interfaces e 1 H l lt _‘
< Dockerization for main components > HeogencyDetecion rceso » G5
Q Heterogeneity Detection ‘ r.e r
< New Features: pile n '
% S1C, Individual indicators, new processors
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[aaS Sen4CAP Objectives

. Sen4CAP functionality as cloud-based services

>

Convert the core functionalities of SEN4CAP into cloud-based services
o refactor into modular cloud-based services exposed via client libraries and API interfaces

User access through a Python library and standard RESTData Processing APIs (OGC Processes API
standard)

Modular design-being able to use individual functionalities independently and decouple them for
deployment, scaling and maintenance

Containerization and microservices architecture following OGC Application Packaging best practices
Allow processing on smaller areas

. Public cloud deployment and integration

> Deploy the services in a public cloud environment (co-located with Sentinel data archives)
» Onboard the services into the ESA Network of Resources (NOR) service catalogue
ESA UNCLASSIFIED - For Official Use 3rd TaaS Sen4CAP Webinar, 16 of June 2026
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Project Objectives -

« Open-Source development

» Release the Sen4CAP code as open-source, but well- [—
Structured and fu”y documented Processor Handler System Database Processor

User
» Adhere to open-source development best practices et
Xecution request

» Support community contributions and long-term g
Input product query

maintenance >
Input product list

R Support fOI" STAC Execute on given|products R
» Basically, use STAC: lightweight, extensible, U Bl i
popular, multiple implementations Insert output products
> Keep PostGIS, ingest L2As, expose a STAC F"m yetem batabase rocescor
gateway (PgSTAC, stac-fastapi) User \
» Processor handlers can query STAC instead
of PostGIS

» Managing S3 access keys for DIAS buckets
(L2A) vs. custom products

ESA UNCLASSIFIED - For Official Use 3rd TaaS Sen4CAP Webinar, 16 of June 2026
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Project Objectives — OGC Application Packages

« Porting to OGC Application Packages
» a way to describe, package and share geospatial applications
> enables workflow and applications portability between systems / platforms
> enables integration into existing platforms and catalogs (NoR, APEX)

 Application structure
» packaged as OCI images
» Common Workflow Language / CommandLineTool descriptors
» command-line tools

ESA UNCLASSIFIED - For Official Use 3rd TaaS Sen4CAP Webinar, 16 of June 2026
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Scientific Enhancements

Bare Soil processor

Input data preparation Bare Soil Classification
S2 time series Random I;g;;est model BS detection l
L2A bands, L3B and variables . Calibration S2 results
’ Thresholds on S2 variables dataset
(MBD1) (NDVI, NDTI, NDMI, BSI)
\ 4
BS calibration data | | NBS calibration data - - - BS
S2 observations S2 observations Times series analysis
- = & markers general
BS calibration data | | NBS calibration data generation results
S1 observations S1 observations
A A
S1 time series
BCK, VV, VH, Ratio & COHE
(resampled weekly — MDB L4A) Random Forest model BS detection
(o) S1 results _ _
Ime series analysis
ESA UNCLASSIFIED - For Official Use 3rd TaaS Sen4CAP Webinar, 16 of June 2026
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Scientific Enhancements

Tillage processor

S $1 metrics A COH, = COH,,, - COH, : )
MDB L4A . Timeseries
analysis
S Filter to POI Y
Coherence (VV) (User-defined)

Backscatter (VV, VH)
ACOH,>COH_THR ACoherence: identify change events

v

WV BKSC > BKSC_THR Backscatter: separate tillage from seedbed

preparation

S2 metrics 1

S
W —_ > NDVI,., < NDVI_THR NDVI: Confirm absence of vegetation
after tillage
ANDTI> NDVI_THR ANDTI: Assess change in crop residue cover

Input data preparation

v

Outputs
Tillage presence | Tillageweek | Tillagetype | Confidence level

ESA UNCLASSIFIED - For Official Use 3rd TaaS Sen4CAP Webinar, 16 of June 2026
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Scientific Enhancements

Winter cover crop . (WCC) processor

Input data preparation

S2time series S1time series L4C processoroutput
L2A bands, L3B variables BCK, VV, VH, Ratio & COHE Harvestweek (H_start & H_end)
(MDB1) (MDB1, MDB L4A (optional) (optional)
: T Determined based on
—7-day aggregation _(Only for MDB L4A)
user survey responses
Calibration dataset Time series analysis

[ WCC generalresults ]
WCC/NWCC Calibration data I

S2 +S1 observations
(7-day aggregated)

Start of calibration |

period
!

WCC season
length
estimation

WCC aboveground
biomass estimation

— RF Training
4 [ WCC termination date ]4—
Random Forestmodel
(S1&S2) [ WCC emergence date ]._
Data for prediction Data for pTediction . . .
: Time series analysis

Prediction on data not used WCC detection - s ont
for calibration <l (LS L
: (S1 & S2
Winter cover crop classification l results)
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TAO - Tool Augmentation by user enhancements

and Orchestration

> TAO - integration framework for the Sen4CAP processors
v orchestration of heterogeneous processing components
and libraries to process data
v' Preparation of resources (including processing
components or tools) and data input

<

Create and save pipelines as execution workflows

v’ Distributed and scaling workflow executions (up from
one to as many nodes as made available)

Retrieval / visualization of the results

\

v User management

v' Multi-user platform, authentication (local user base,
LDAP, Keycloak or even single sign-on), user groups

v' Support for OpenStack API and Kubernetes for vertical
and horizontal execution scaling

v' Export workflows in different formats

ESA UNCLASSIFIED - For Official Use 3rd TaaS Sen4CAP Webinar, 16 of June 2026
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TAO Strenghts A

Udroiu Cosmin
ADMIN

{=esa

Processing Modules Thelist of executables th

» Integrate hundreds or thousands of tools and data sources
v Grouping by category, tagging, filtering, searching tools e
v' Building easily workflows

» Can integrate any tool that can be invoked from the command line

»  Services invocation can be performed by adding script wrappers
that perform invocation

>  Export workflows into other formats (CWL, Argo, shell etc.).
> Exposes a OGC API Processes interface

» Support for S3, STAC and other repository types

» Integration with AI agents

Execution name

Script type

You can customize worl

o Filter CSV( ¢

ESA UNCLASSIFIED - For Official Use
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£ Processing modu&sm 16 0f 514 )

e
BINARYMORPHOLOGICALOPERATION
Bi n

o

am | Copyright: (C) CNES Apache License
erations on an input image channel

BLOCKMATCHING

BlockMatching

Version: 7.3.0 | Authors: OTB Team | Copyright: (C) CNES Apache License

Performs block-matehing to estimate pixel-wise disparities between two images.

SELECTED WORKFLOW FOR SCRIPTING
EMD_JOT
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Sen4CAP Cloud Service

OGC API -
Processes

STAC API

\

Process Orchestration &
Resource Management

Data Catalogue & I/0
Management

/

== N 11
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Front-end Design

« Client functionality
« List processes, get process details
« Submit processing request
« List jobs, get job details, cancel job
« Get job results
« Functionality accessible through 3 user interfaces
« API: for Python scripts and using in own libraries
« GUI: for convenient use in Jupyter notebooks
« CLI: for the terminal and in shell scripts

« Implementation assumes a back-end web service compliant to OGC API -
Processes - Part 1: Core

ESA UNCLASSIFIED - For Official Use 3rd TaaS Sen4CAP Webinar, 16 of June 2026
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Python API in Jupyter Lab \\\?esa

" client-api.ipynb * +

B+ XDC[O » = C » code v B & Python 3 (ipykernel) O =

client.get_processes()

[ ProcessList object: Find. Q|
3 links [/
O processes [] 4 items

client.get_process(process_id="sleep a_while")

E ProcessDescription object: Find Q

description "Sleeps for ‘duration’ seconds. Fails on purpose if ‘fail" is True™ Returns the effectve a
mount of sleep in seconds.”
id “sleep_a_while”
o inputs
B duration
o fail
O outputs
title “Sleep Processor”

version "0.0.0"

client.execute_process(process_id="sleep_a_while", request=ProcessRequest())

O Jobinfo object:

Find... Q |
I [131: |c1ient.get7]’cbs()l B ML s FE |
[13]: B JoblList object: Find... Q |

B jobs [ 3items
go

created "2025-07-15T14:30:55.953473
finished “2025-07-15T14:31:06.177857"
jobID “job_ 0"
processiD “sleep_a while"
progress 100
started "2025-07-15T14:30:55.954652"
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Processing GUI in Jupyter Lab

s

[ client-gui-showipynb % |+
B+ XMDMO »® C» code v Notebook [ &
‘version "0.0.0" A lient-gui-show.ipynb .+
O inputs + X OO0 > w Code | Motebook [] & -
O outputs
I [5]: client.shou() AL EF Process
primes_between N
[5]: Process
simulate_scene v Prime Processor
Returms the st of prime numbers between 3 and
Generate scene for testing
Simulate a sat scene images slices for testing. Creates an xarray dataset with time Min Val .
slices and writes it 3s Zarr into & tamporary location. Requires instslled Land 0 -
ackages.
P . Max Val
Variable names 100 -
abe Save Get Request
+ ( Latvija Dane
Danmark b
- /Uited Kingdom k=t Vaition Process ID: primes_between  Created: 2025-07-17 164654067104
Gt Bty
Hambur | Job 10: job_3 Started: 2025-07-17 16:46:54 087562
u e / Irelad \ B i FE
i =puriiG Status: obStatus.successful  Updated: 2025-07-17 16:46:34.097633
o ¢ London/ Ned prland } Polska
° Progress: - Finished: 2025-07-17 16:46:54 087645
T Eetia
Paris Client. show_jobs(
Lt 4 Slovensko, )
L R /France Magyarorsz4g Process ID JobID ~ Status - Progress Message
\ © Zagret ™~ Romania primes_between job_0 successful Done
Hivatska(cpouia/ L1 S
y’ Bucur slesp_a_while  job_1 running -
| Bunrap!
Barcelona: ( ealls sleep_a while  job_2 running -
A, ) primes_between job3  successful Done
portugy! { o
l 4 Lt W
Rabat A\EQY *
O &40 ipyleaflet| © OpenStreethlap contributors
Selected bbox: [5.160938, 50.884045, 15.092578, 55.710155]
Spatial resolutien: 0.5 =
2025-01-01
Erd ot Stored results of job n varisbie
2025-02-01 q »
Periodicity: 1 = | o1 resus BrL s TN
. @ Result Fir aQ
Output path @ return_value 5
02
13
2s
Execute Open Save Get Request . h
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Processing CLI in-terminal emulator *

send4cap-client [OPTIONS] COMMAND [ARGS]...

Client tool for the Sen4CAP service.

Verbose output

Install completion for the current shell.

Show completion for the current shell, to copy it or
customize the installation.

Show this message and exit.

Show version and exit.

Configure the client.

List available processes.

Get process details.

Validate a processing request.

Execute a process.

List all jobs.

Get job details.

Cancel a running or delete a finished job.
Get job results.
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Sen4CAP Procesors in APEx and NoR ¢

 APEXx

https://algorithm-catalogue.

apex.

€sa.

int/apps/send4cap sl pre processing

https://algorithm-catalogue.

apex.

€sa.

int/apps/sen4cap I3b biophysical indicators

https://algorithm-catalogue.

apex.

€sa

.int/apps/sendcap |3b spectral indices

https://algorithm-catalogue.

apex.

€Sa

.int/apps/send4cap |3 basic markers

https://algorithm-catalogue.

apex.

esa.

int/apps/send4cap |4a crop type

https://algorithm-catalogue.

apex.

€sa.

int/apps/sendcap 14b grassland mowing

https://algorithm-catalogue.

apex.

€sa.

int/apps/send4cap l4c agricultural practices

https://algorithm-catalogue.

apex.

€Sa.

int/apps/sendcap 14d bare soil

https://algorithm-cataloqgue.

apex.

€sa.

int/apps/send4cap |4e parcel heterogeneity

« NoR

Registered as DPaaS and as User Algorithm Hosting

https://portfolio.nor-discover.org/
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Webinar outline

« JTaaS Sen4CAP overview

- Demo
TAO and use of Al in building workflows

Python client library
APEx and NoR

« Conclusions and next steps
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Conclusions and next steps

Forum for your questions and exchanges about the Sen4CAP system

If you want access to test and evaluate the new Sen4CAP Services:
URL:
sen4x.tao.c-s.ro

Contact:
cosmin.udroiu@cs-soprasteria.com

« Your questions ???
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