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1 Introduction

The main building blocks of the architecture, shown in Figure 1, are presented in detail in the deliverable D3.2
System Requirements and Design.
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Figure 1: Architecture of Sentinel Hub / eo-learn as proposed in GEM.

This deliverable reports on the Front Office Services, marked with red: Python (scripts), using Jupyter notebook
(e.g., locally) and using cloud based Jupyter Hub deployments. It must be noted that several user-facing
services, connected either to Sentinel Hub services, or meteoblue weather API, were not included in the
architecture design and are not part of this deliverable, but have nevertheless been improved to facilitate the
new/updated functionalities of the services. User-facing services (e.g., web applications) of the Sentinel Hub
(and meteoblue) are very tightly connected to GEM project in general, and they are constantly being updated
to facilitate and support GEM framework, but as not all things were funded by GEM, we did not think
appropriate to report about them in this deliverable. EO-Browser! and Request-Builder? should be mentioned

explicitly, as they bring most of the Sentinel-Hub functionality to the user as web browser applications.

1 http://apps.sentinel-hub.com/eo-browser/

2 http://apps.sentinel-hub.com/requests-builder/
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The user-facing services, pertinent to this deliverable, are linked mostly to Python access, be it via scripts (using
eo-learn and eo-grow), or Jupyter notebooks (standalone/local or via cloud deployment on Euro Data Cube -
EDC). Additionally, the report outlines the QGIS Sentinel-Hub plugin, as an extension of the popular GIS tool
facilitating access to Sentinel-Hub datasets and Adjustable Data Cubes.

In the second version of this deliverable, we touch on the exposed front-office services, made available
recently on Copernicus Data Space Ecosystem (CDSE), which is taking on the role of main DIAS platform.
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2 Jupyter notebooks

Both Python and Jupyter notebook access to GEM framework is done using sentinelhub-py3, eo-learn* and eo-
grow® Python libraries, all of them being actively developed within the GEM project. This section focuses on
notebooks from eo-learn, eo-learn-workshop and eo-learn-examples.

2.1 eo-learn

At the time of writing this report, eo-learn repository has more than 900 stars, more than 50 followers, and
has been forked more than 260 times, as can be seen in Figure 2. Comparing to the statistics reported in
deliverable D3.3 — GEM Processing Framework, the numbers have increased significantly for such short time
(+60 stars, +10 forks in 6 months). With the large number of external contributors, we believe eo-learn to be
a very good example of open-source software in the EO domain.

B sentinel-hub [ eo-learn  Public {z EditPins & Unwatch 53 ~ % Fork 268 - Starred 915 -

<> Code (©) Issues 8 11 Pullrequests 5 () Discussions () Actions [ Projects [0 wiki () Security

¥ master ~ Go to file Add file ~ m About b

Earth observation processing

a zigaLuksic Merge pull request #439 from sentinel-hubffeat/v... .- + on27 Jul %) 2,084 framework for machine learning in
Python
M .github Added official support for Python 3.10 last month
machine-learning eo-data
M core Imported pickle_fs and unpickle_fs into eolearn.... last month R R eo-research
I coregistration Increased versions to 1.2.0 last month
0 Readme
I docker updated eo-learn installation in dockerfile 5 months ago &5 MIT license
» docs Extend CI to notebooks (#426) 2 months ago & Code of conduct
M example_data updated scikit-image dependency, resolved test... 8 months ago W 915 stars
& 53 watching
I examples run new version of black 2 months ago
P N % 268 forks
M features Increased versions to 1.2.0 last month
eometr Increased versions to 1.2.0 last month
o 4 Releases 31
io Imported pickle_fs and unpickle_fs into eolearn.... last month
. P P - P - > Version1.2.0 ( Latest)
M mask Increased versions to 1.2.0 last month on 27 Jul
M mi_tools Increased versions to 1.2.0 last month +30 releases
@ visualization Increased versions to 1.2.0 last month

Figure 2: eo-learn home page on https://qithub.com/sentinel-hub/eo-learn

3 https://sentinelhub-py.readthedocs.io/en/latest/

4 https://eo-learn.readthedocs.io/en/latest/

5 https://eo-grow.readthedocs.io/en/latest/
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The main user-facing (and hopefully user-friendly) entry points for eo-learn are surely the Jupyter notebooks
with examples. Some of them are included in main eo-learn repository and represent a big part of the eo-learn
documentation, as can be seen in Figure 3.

A eo-learn

# » Examples ©) Edit on GitHub

& eo-learn Examples

Land Use and Land Cover

Search docs « How To: Land-Use-Land-Cover Prediction for Slovenia
o Before you start

= Requirements

Introduction = QOverview
Installation = Part 1:
Overview of eolearn. core = Part 2:

EOTasks e Part 1

B Examples
o 1. Define the Area-of-Interest (AOI):
Q Land Use and Land Cover

| |
How To: Land-Use-Land-Cover S

Prediction for Slovenia = Split to smaller tiles and choose a 5x5 area
Part 1 = Visualize the selection
Part 2 2. - 4, Fill EOPatches with data:
Water Monitor = Define some needed custom EOTasks
10 Examples » Define the workflow tasks
Data masks = Help! | prefer to calculate cloud masks of my own!
Visualizations = Reference map task
Timelapse

= Define the workflow

Package content = Visualize the patches

Contributing to eo-learn = Visualize the reference map

= Plot the map of valid pixel counts
& Read the Docs = Spatial mean of NDVI

Figure 3: Jupyter notebooks as examples in eo-learn

Both GitHub, where the repository is located, as well as compiled documentation on readthedocs are capable
of proper visualization (rendering) of the notebook files (i.e., raw ipynb files are structured text, not suitable
for human interaction, only rendered files are). Figure 4 shows how notebook examples are rendered on
GitHub and readthedocs platforms.
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Measuring the water level of a Theewaterskioof Dam in South Africa
© Edit on GitHut

Measuring the water level of a
Theewaterskloof Dam in South Africa

Natebook showcases an example of Earth observation processing chain that
determines water levels of any water body (dam, reservoir, lake, ..) from satellite
package. The
user simply needs to provide a polygon with water body's nominal water extent.

imagery. The entire processing chain Is performed using the

Areload_ext autoreload
“autoreload 2
matplotlib inline

Imports
eo-learn imports

from eolearn.core import EOTask, EOWorkflow, FeatureType, OutputTask, linear

inport NormalizeddifferencelndexTask, SimplefilterTask

s g ygen to raster
from eclearn.geosetry i VectorToRasterTask
import SentinelMubInputT

from skimage. filte

# sentinelhub-py packasge
from sentinelhub import (RS, BBox, DataCollection

Figure 4: Rendering of Jupyter notebooks on GitHub (left) and readthedocs (right).

To run the examples from eo-learn locally (on user’s machine), the installation is rather straightforward:

Code 1: Installation of eo-learn and starting Jupyter with a notebook.

# clone the eo-learn repository

git clone --depth 1 https://github.com/sentinel-hub/eo-learn.git

# change the directory to eo-learn
cd eo-learn

# install all eo-learn modules
python install all.py

# install jupyterlab https://jupyterlab.readthedocs.io/en/stable/

pip install jupyterlab

# start the lab with example notebook

jupyter—-lab examples/io/SentinelHubIO.ipynb

Additionally, eo-learn comes with dockerimage, and running examples is as simple as pulling the docker image,
running it, and then opening the browser at http://localhost:8888/.

Code 2: Using eo-learn via docker image.

# pull the latest eo-learn together with included examples
docker pull sentinelhub/eolearn:latest-examples

# run the docker - it will open the Jupyter with notebooks directly
docker run -p 8888:8888 sentinelhub/eoclearn:latest-examples
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2.2 eo-learn-workshop

eo-learn-workshop® repository contains material that has been originally prepared for the Nordic Remote
Sensing 2019 conference, where we had a workshop on “Bridging Earth Observation data and Machine
Learning in Python”. Since then, we’ve been constantly upgrading the workshop, both to reflect the changes
and improvements in eo-learn, as well as to align with several other similar workshops, like the “ESA Land
Training 2021” that was held in Ljubljana.

The repository encourages users to run the tutorial by themselves via Binder:

https://mybinder.org/v2/gh/sentinel-hub/eo-learn-workshop/master

With Binder, the user can open and execute the workshop notebooks in an executable environment in the
cloud, making the code immediately runnable/reproducible by anyone, anywhere. The JupyterLab Binder
instance with Introduction notebook is shown in Figure 5.

@& hub.gke2.mybinder.org/user/sentinel-hub-eo-learn-workshop-5ge6pvk <

: File Edit View Run Kernel Tabs Settings Help

» % c [ Launcher X Al introduction.ipynb ® (¥ eolearn_basics.ipynb L] %
a B+ XD » = ¢ » XDownload & & OQGitHub &P Binder Markdown - &
-4
o M [ notebooks / .
Name N Last Modified Introduction to eo-1learn
[®] data_sources_explorer.... 7 minutes ago
o [ eolearn_basics.ipynb 7 minutes ago Welcome to a workshop about Earth observation (EO) processing framework in Python, called eo-learn . It was
) . designed to fill a gap between EO data and machine learning. It's mission is connect existing software and build on
[A] forest_observations_wi... 7 minutes ago ) R R .
o top of it. It is easily scalable over large geographical areas and huge amounts of data.
[ forest_observations.ip... 7 minutes ago
* [A] introduction.ipynb 7 minutes ago
[®] 1and_cover.ipynb 7 minutes ago .
[®] sentinel.ipynb 7 minutes ago Set up the Sentlnel HUb
(] timelapse.ipynb 7 minutes ago In order to use Sentinel Hub services you will need a Sentinel Hub account. If you do not have one yet, you can
(] water_monitor.ipynb 7 minutes ago create a free trial account at Sentinel Hub. If you are a researcher you can even apply for a free non-commercial
account at ESA OSEO page.
The sh_client_id and sh_client_secret parameters can be created in the Sentinel Hub Dashboard under
"User settings". The two parameters are needed when accessing protected endpoints of the service (Process,
Catalog, Batch, BYOC, and other APIs). There is the "OAuth clients” frame where we can create a new QAuth client.
For more detailed instructions on how to set up Sentinel Hub consult the configuration documentation.
from sentinelhub import SHConfig
config = SHConfig()
# find your credentials in the Sentinel Hub Dashboard under "User settings" as described above
config.sh_client_id = '<0Auth client id>'
config.sh_client_secret = '<0Auth client secret>'
config.save()
Table of content
1. eo-learn building blocks
e EOPatch
Simple 0 E 2 & Python 3 (ipykernel) | Idle Mem: 338.89 / 2048.00 MB Mode: Command & Ln 1, Col1 intreduction.ipynb

Figure 5: Running eo-learn-workshop on Binder.

6 https://github.com/sentinel-hub/eo-learn-workshop
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A big change in eo-learn repository that was done within GEM is the creation of a new repository eo-learn-

examples’, where we have extracted many examples from eo-learn. This removes a big burden of

maintainability of eo-learn repository, reduces the size of the repository, and allows users to better browse

through examples while keeping the responsibility of the code limited to eo-learn.

eo-learn-examples repository contains numerous examples of EO processing workflows that extract valuable

information from satellite imagery, giving you hints and ideas how to use the EO data.

¥ main ~

i batic Merge pull request #5 from sentinel-hub/GEM/demo-data

R Ri-RieRi-lE SN BN BN BN R BN SN BN SN BN BN BN B BN BN BN BN BN BN |

.github/ISSUE_TEMPLATE
GEM-data
batch-processing

core

coregistration
crop-type-classification
custom-script

features

forest-map

hiector

io

land-cover-fastai
land-cover-map

mask

mi_tools
poverty-detection-keras
social-media
super-resclution-fastai
tree-cover-keras
visualization
water-manitor

.gitignore
CODE_OF_CONDUCT.md
CONTRIBUTING.md
LICENSE

README.md

¥ 1branch © 0 tags

Go to file

Extracting examples from eo-learn repository.

Some refactoring, code/style fixes, black, isort, nbga and similar u...
Download ljubljana_ref.gpkg from public bucket when needed.
Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Forest-map demonstrator (#3)

fix typo

Extracting examples from eo-learn repository.

Adding needed data to land-cover-fastai example.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Adding needed data to tree-cover-keras example.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Added execution-reports to .gitignore files and created .gitignore ...
minor updates of contributing and code of conduct

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Extracting examples from eo-learn repository.

Figure 6: eo-learn-examples repository

7 https://github.com/sentinel-hub/eo-learn-examples
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Perhaps of particular importance for GEM project are the GEM-data examples, showcasing the the data,
available within the project for the use cases and demonstration activities. The notebooks are in the GEM-
data folder of the eo-learn-examples repository. The code snippet to retrieve Theia Land Cover data®
(available from CNES for France areas from 2016-2021 on yearly basis) is shown in Figure 7.

8. Theia (CNES) Land Cover Map ( TLCM)

tlcm_data_collection = DataCollection.define_byoc(
"9baa2732-6597-49d2-ae3b-68baba5386b2",
service_url="https://services.sentinel-hub.com",
bands=[Band(name="0CS", units=(Unit.DN,), output_types=(np.uint8,))],

LE N J

tlcm_download_task = SentinelHubEvalscriptTask(
features=(FeatureType.DATA, "TLCM_data"),
evalscript=evalscript,
data_collection=tlcm_data_collection,

resolution=30,
max_threads=3,

eopatch_tlcm = tlcm_download_task.execute(bbox=roil_bbox, time_interval=["2020-01-01", "2020-12-01"])

tlcm_cmap, tlcm_norm, tlcm_ticks, tlcm_labels = construct_cmap(TLCM, eopatch_tlcm.data["TLCM_data"], name="tlcm_cmap")

Water

Glaciers and eternal snows
Beaches and dunes

Natural mineral surfaces

Woody mooriands

Natural grasslands and pastures
Softwood forest
Hardwood forest
Vineyards

Orchards and fruit growing
Grasslands

Tubers/roots

Rice

Corn

I Sunflower

- Soy

+ Protein crops (Beans / Peas)

I Straw cereals (Wheat, Triticale, Barley)
I Oilseeds (Rapeseed)

- Roads

I Industrial and commercial areas

Diffuse built-up area

Dense built-up area

Figure 7: eo-learn-examples code snippet for retrieving Theia Land Cover Map product.

Figure 8 showcases how eo-learn task for meteoblue Weather API services can be used to access
weather/climate data provided by meteoblue.

8 https://collections.sentinel-hub.com/cnes-land-cover-map/



https://collections.sentinel-hub.com/cnes-land-cover-map/

Global Earth Monitor

2. Retrieving NEMS4 data in raster format
eopatch = EOPatch(bbox=to_utm_bbox(coast_bbox), timestamp=[datetime.datetime(2022, 8, 1, 11, 0, 0)])

query = {
"domain": "NEMS4",
"gapFillDomain": None,
“timeResolution": "hourly",
"codes": [{"code": 11, "level": "2 m above gnd"}],
“transformations": [
{"type": "aggregateTimeInterval", "aggregation": "mean"},
"type": "resampleToUtm", "zone": 31, "hemisphere": "northern",
"xResolutionMeters": 100, "yResolutionMeters": 100,
"interpolationMethod": "1linear",
"spatialAggregation": "mean",
"disjointArea": "keep",
"elevationDownscale": "enabled",
}l
1,
units = { "temperature": "C", "velocity": "km/h", "length": "metric", "energy": "watts" }

weather_feature = FeatureType.DATA, "WEATHER-DATA"
meteoblue_task = MeteoblueRasterTask(weather_feature, METEOBLUE_API_KEY, query=query, units=units)

eopatch = meteoblue_task.execute(eopatch)

fig, ax = plt.subplots(figsize=(10, 10))
ax.imshow(eopatch.data["WEATHER-DATA"] [0] .squeeze());

0

100
150
200
250
300

350

Figure 8: eo-learn-examples code snippet for retrieving NEMS4 data from meteoblue services using eo-learn task.
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3 Python (scripts)

Jupyter notebooks are really good way for running small scale experiments, data exploration, and one-off
tasks. Unfortunately, they are not suitable for large, asynchronous tasks like most of the complex EO workflows
are. Thanks to EOWorkflow and EOExecutor, eo-learn has the functionality to scale up to larger areas. Nevertheless,
issues like reproducibility and traceability of the experiments are not sufficiently addressed with just eo-learn.
On top of that, we wanted the capability of coordinating several machines to do the work over large areas
(spanning regions, continents, or whole world).

The tagline of eo-grow library is “Earth observation framework for scaled-up processing in Python”. Working
with EO data is facilitated by the eo-learn package, while the eo-grow package takes care of running the

solutions at a large scale, providing reproducibility of the experiments at very low (code) development cost.

eo-grow library has been publicly released on GitHub: https://github.com/sentinel-hub/eo-grow

Features of eo-grow include:
e Direct use of EOWorkflow procedures.

e Parametrizing workflows by using validated configuration files, making executions easy to reproduce

and adjust.
e Fasy use of both local and AWS S3 storage with no required code adaptation.
e Splitting large areas of interest into grids and defining collections of EOPatches.

e Workflows can be run either single-process, multi-process, or even on multiple machines (by using ray

clusters).
e Execution reports and customizable logging.
e Options for skipping already processed data when re-running a pipeline.
e Offers a CLI interface for running pipelines, validating configuration files, and generating templates.
e A collection of basic pipelines, with methods that can be overridden to tailor to many use-cases.

Although, or possibly because, eo-grow is facilitating large scale experimentation, spawning instances on cloud
infrastructure (if/when desired), the learning curve is rather steep. That is why we are working on end-to-end
examples with the extensive documentation, that presents an example of a “generic” EO workflow with
pipelines as shown in Figure 9.
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Figure 9: Schematic diagram of "generic" EO workflow.

The full example, including the instructions for setting up cloud environment and infrastructure, is given in eo-
grow-examples repository:

https://github.com/sentinel-hub/eo-grow-examples/tree/main/GEM

The main benefit of eo-grow is the “no development” approach to EO experiments: once an eo-learn workflow
is mature enough to be made into an eo-grow pipeline, the further use of such pipeline is facilitated simply by
writing appropriate config file, like shown in Code 3.

The config files are very lightweight, can be versioned very simply, parameters changed without introducing
code-changes. Additionally, the config files can simply be sent to worker machines when scaling up the
infrastructure, bringing very low overhead to the network load.
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Code 3: Configuration file to retrieve Sentinel-2 L2A data cube using Sentinel Hub Batch processing.

{

"pipeline": "eogrow.pipelines.download_batch.BatchDownloadPipeline",

"**global_config": "${config_path}/../config_2017.json",

"output_folder_key": "data",

"evalscript_path": "${import_path:gemy}/../config_files/FRCD/data/evalscript_${var:year}.js",
"data_collection": "SENTINEL2_L2A",

"time_period": ["${var:start_time}", "${var:end_time}"],

"tiff_outputs™: ['B01", "B02", "B03", "B04", "B05", "B06", "BO7", "B08", "B8A", "B09", "B11", "B12", "QM"],
"save_userdata": true,

"resampling_type": "BILINEAR",

"mosaicking_order": "leastRecent",

"monitoring_sleep_time": 60,
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4 EOxHub Workspace

Sentinel Hub (with all its components - process API, Batch API) are being also used within the scope of ESA-
funded Euro Data Cube (EDC) project. In EDC, EOX (company from Austria) is developing the "front-office"
functionality, named EOxHub Workspace®.

EOxHub Workspace provides, among other things, hosted JupyterLab environment with a set of pre-
configured notebooks, well integrated with Sentinel Hub (and other) services. It provides to the user a
seamless way to start prototyping the algorithm development and then scale it up. JupyterLab environment
on EOxHub comes with GEM processing framework libraries sentinelhub-py, eo-learn and eo-grow pre-
installed.

4| -
B

A
e
s B
44

B

Figure 10: EOxHub Workspace in operations.

Disclosure: This platform (EOxHUB) is done out of the scope of GEM - it is mentioned in this document for
consistency and transparency purpose.

To facilitate uptake of eo-grow, the eo-grow-example for GEM notebook is included on EDC Marketplace. It
contains a stripped-down version of the example shown in Figure 9, where the machine learning part (training
the model) has been removed. The model included in the example comes from the GEM use-case, presented
in deliverable D5.2 — Built-up area use-case.

The notebook with the simplified workflow that can be run on Euro Data Cube (or locally, if copied), is shown
in Figure 11. Because the procedure to publish (openly available) notebooks on EDC takes some time, the link
to the notebook is not yet available. The notebook, once published, will be available through EDC Marketplace,
under Notebooks, as shown in Figure 12.

% https://eurodatacube.com/marketplace/infra/eoxhub
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and skips the ML part for the sake of ease. The full example, with instructions on how to run it on large scale is given

in eo-grow-examples .

Pre-requisites

e EOxHub Workspace subscription
* Sentinel Hub subscription

Configuration

To set up the workspacefirst import the neccessary python libraries. These libraries are pre-installed in EOxHub
Workspace. Additionally import environment variables which automatically includes Sentinel Hub credentials that will

be used to configure Sentinel Hub API.

— .
Mem: 899.83 / 16384.00 MB

Mode: Command

@ Lna4,Col29 example_notebook.ipynb

Figure 11: Notebook running example workflow with eo-grow on EDC.
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Figure 12: EDC Marketplace.
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5 Sentinel-Hub QGIS plugin

SentinelHub QGIS Plugin enables users to harness the power of Sentinel Hub services directly from QGIS, a
free and open source Geographic Information System (GIS) tool. The plugin is released as open source as well,
the code available on GitHub:

https://github.com/sentinel-hub/sentinelhub-ggis-plugin

The plugin is available also on QGIS Official Plugin Repository, so the installation is straight-forward: open QGIS,
select Plugins -> Manage and Install Plugins and search for the plugin, as can be seen in Figure 13.

Plugins | All (1165)

%, Al sentinelhub
Yo

v () SentinelHub =
EE3 nstalied A SentinelHub

i Mot inscalied SentinelHub plugin enables users to harness the power of Sentinel Hub

3% Upgradeable services directly from QGIS.

o
‘ New The plugin transforms any layer defined in Sentinel Hub Configuration Utility into a QGIS layer. It enables

2 exploration, ¢ i and image A Sentinel Hub account is required in order to use the
2% Install from ZIP plugin. Feel free to create a trial account or request a free account (option 1, option 2).

# Settings For more questions please check Sentinel Hub FAQ or forum.

46 rating vote(s), 86828 downloads

Category Web
Tags sentinelhub, sinergise, remote sensing, satellite, images, viewer, download,
sentinel, landsat, modis, dem
More info homepage bug tracker code repository
Author Sinergise
Installed version 2.0.0
Available version (stable) 2.0.0 updated at Fri Aug 21 01:49:19 2020
Changelog 2.0.0
- support for any pr Sentinel Hub deployment and data source
- authentication with OAuth client instead of a configuration instance ID
- support for WFS layers
- removed support for QGIS 2 and Python 2
- extensive code refactoring
- various minor improvements and fixes

133
- bug fix about failing to parse local variables in 0SX

1.3.2
- fixed problem for OS with missing locale
1.3.1

- showLogo disabled for QGIS layers
g

Figure 13: Installation of Sentinel-Hub QGIS plugin.

After the installation, the plugin is available by a button in the toolbar. Clicking on it will open a docked
window below the map area, where the users can select any of the publicly available Sentinel-Hub datasets,
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or their own commercial and other Bring Your Own Data imagery. The example in Figure 14 shows the results
of built-up area predictions that were produced using eo-grow-example presented in Section 3

*Untitled Project — QGIS

pEITOL . Rg LEOLT

X o ee¥ T B
Spatial Bookmark Manager

,0 "

¥ spot -17,254427 14,705164 -17,244588

Layers
v ij oV ~ Bl Er R
#» Bring Your Own COG - builtup predictions (WMS,2019-12-31,10

@ grid_aoi_region_BatchAreaManager ___2_120.0_10_10
~ v «= OSM Standard

SentinelHub plugin v2.0.0
Login Create  Download
Configuration
Service type
Layer
CRS
Time range 2019-12-31 x

August, 2022
Use exact date v S

Create new WMS layer

Update existing layer

Coordinate 7,46 -5,96 %3 Scale 1:8467455 D Magnifier 100% + Rotation 0,0° S V Render &

Figure 14: Sentinel-Hub QGIS plugin in action.

The plugin is focused on retrieving the data from Sentinel Hub services mostly for visualisation purposes.

Since the first version of the deliverable, QGIS plugin has been updated, and can now also serve data available
through Sentinel Hub services deployed on Copernicus Data Space Ecosystem:

SentinelHub plugin v2.0.1
Login  Create  Download

Welcome to Sentinel Hub

BV N https://sh.dataspace.copernicus.eu

Client ID https://services.sentinel-hub.com

Client secret

Create OAuth client

Login

Figure 15: Sentinel Hub QGIS plugin supports Sentinel Hub CDSE deployment.

16



(’{'Q Global Earth Monitor

6 GEM front-office services on CDSE

The Copernicus Data Space Ecosystem (CDSE) was formed by combining the existing EO data centre of
Copernicus with onboard virtual machine cloud computing capacity and a range of code repositories. In
addition to the full archive of Sentinel data, the ecosystem hosts all data from Copernicus Contributing
missions and is also offered as a platform for direct access to data products of commercial imagery providers.
Cloud computing and virtual machine capacity is offered within CREODIAS 2.0 and the Open Telekom Cloud,
providing the necessary capacity for regular national scale processing of imagery time series. This processing
capacity comes with many popular EO data analysis packages already on board, and capacity for hosting
additional code repositories.

The Copernicus Data Space Ecosystem has been designed to allow optimum collaboration between public
sector and private industry actors. In addition to the code repositories and labs allowing efficient sharing of
open code, the necessary pathways for commercializing datasets, data products and analysis solutions are also
in place. The repository structure and the available access opportunities support streamlined access in code
for building new commercial applications. Therefore, the Ecosystem is an ideal platform for both established
market players and growing new companies for developing and commercializing new solutions. The seamless
integration of these capacities provides a transformative platform for earth observation data analysis, with
opportunities that would not have been possible with incremental improvements of the individual sub-systems
as separate units. All in all, the Copernicus Data Space Ecosystem lays down the foundations for a
transformation in the Earth Observation industry, and specifically for a transformation in CAP monitoring.

We have built GEM processing framework (both eo-learn and eo-grow) to be cluster (e.g., cloud infrastructure)
as agnostic as possible. Everything implemented in eo-learn is platform independent, meaning that the
workflows can run on any infrastructure.

Since July 2023 CDSE is offering Jupyter Lab environment, where users can exploit computational capabilities
of the CDSE:

https://dataspace.copernicus.eu/analyse/jupyter-notebooks

with more documentation at:

https://documentation.dataspace.copernicus.eu/Applications/JupyterHub.html

As soon as this offering was available, we have made sure that the eo-grow-examples notebook, openly
available at https://github.com/sentinel-hub/eo-grow-examples/blob/main/GEM/example notebook.ipynb

can be run on the CDSE environment as well, thus validating the CDSE capabilities as well as the usability and
the platform independence of the GEM framework software stack.
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The example in this notebook shows how a typical Earth Observation workflow can be run using eo-grow

The workflow is depicted in the image below:
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Figure 16: GEM example notebook being run on CDSE Jupyter Lab Environment.
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Conclusion

This deliverable reports the Front Office Services —the tools where users can interact with the GEM framework

and services in a user-friendly way.

So far, the presented services revolve around using the framework with Python language, either through
interactive Jupyter notebooks, or in a more rigorous way using configuration files and scripts for repeatable
work. eo-learn comes with “batteries included”: the workshop repository is a hands-on walk-through the
library and can be run without any installation when using Binder. The eo-learn-examples repository contains
many use-cases facilitating the uptake of the library. The examples repository for the eo-grow is on the other
hand limited to one sample, but with detailed instructions on how to make an EO workflow scalable on AWS
infrastructure using cost-optimised spot computing instances.

Furthermore, making use of Euro Data Cube offering of EOXHUB, a demonstration Jupyter notebook shows
the building blocks of eo-grow project, from start — getting the data through Data Cube processing of Sentinel
Hub, to end — making the results available through Bring Your Own Data capabilities of Sentinel Hub.

The deliverable also presents the Sentinel Hub QGIS plugin, focused on retrieving the data for visualisation
purposes within widely used open source GIS tool.

With the incremental development approach in GEM, we will continue to update examples in both eo-learn
and eo-grow, particularly for the purposes of GEM use-cases, their demonstration and validation of the results.

Since the first version of the deliverable, the Copernicus Data Space Ecosystem data centre with onboard
virtual machine cloud computing capacity has been maturing as well. We are happy to show that users can
make use of GEM framework on CDSE as well, rendering the GEM framework for scalable and cost-effective
workflows a first-class citizen of the CDSE.
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