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INTRODUCTION

Europe’s transition to green energy demands sustainable raw material sourcing. The S34|
project leverages Earth Observation (EO) data to innovate mineral exploration, mine
lifecycle monitoring, and post-closure management, enhancing European autonomy.

Objective: Develop data-driven methods using Copernicus/Copernicus Contributing
Missions (CCM) for mining lifecycle phases.

Validation: Six pilot sites across Europe, covering exploration, active extraction, and
closed mines with environmental challenges (with acid mine drainage — AMD, subsidence).

PILOT AREAS & METHODS
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Exploration

Onshore (Aramo mine, Spain)

Methods: RGB combinations, band ratios, Principal Component Analysis
(PCA), K-means, end-member extraction, minimum wavelength mapping,
Spectral Angle Mapper (SAM), Self-Organizing Map (SOM), Artificial
Neural Networks (ANNs) + new ensemble Atrtificial Intelligence (Al).

Coastal-marine transition (Ria de Vigo, Spain)

Multispectral Optical Sentinel-2, Landsat-9,
Worldview-2/-3, Pleiades-NEO

Hyperspectral Optical EnMAP, PRISMA

Radar Sentinel-1, ALOS PALSAR-2,
COSMO-SkyMED

Multispectral Optical Multispectral Sensors
In Unmanned Aerial Vehicles (UAVS)

@ ROVs

Underwater Hyperspectral Imaging (UHI)
Using Remotely Operated Vehicles (ROVS)

@ Airplane campaigns

Methods: RGB combinations, band ratios, PCA, K-means, spectral
unmixing and Object-Based Image Analysis (OBIA).
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Extraction

Active open-pit mine (Gummern mine, Austria)

Methods: Digital elevation models (DEMs), INSAR and change detection
(Normalized Decorrelation Change Index - NDCI) techniques. Structure
from Motion (SfM) UAV photogrammetry. Deep learning algorithms.

Closed mines

AMD problems (Lausitz in Germany and Outokumpu in Finland)

Methods: SOM and K-means; ANN, logistic regression, Random Forest,
and K-nearest neighbors.

and
Subsidence issues (Aijala mine, Finland)

Methods: image enhancement/change detection methods.

CONCLUSION & IMPACT

S34l delivers EO-integrated tools for responsible mining:

Supports all lifecycle phases from exploration to post-closure.

Enables low-cost, high-precision monitoring (e.g., AMD, subsidence).
Socioeconomic Impact: reduces import dependency, promotes
sustainable practices, acts as a prevention and compliance monitoring
tool.

Active sensor LIDAR

Satellite, airborne, ground spectral data

Results from end-member extraction (airborne data):

Extraction

Volume maps of mining waste deposits

ground
produced using multitemporal datasets.

Gummern ground deformation map obtained from

@ Fieldwork

Portable spectroradiometers; GNSS receivers

Hyperspectral Optical AISA Fenix

RESULTS OVERVIEW

Exploration

Integrating data at multiple scales allowed
Improved geological, metallogenic and
structural mapping. EO data allowed for
mapping the extension of placers.

geological data allowed the creation
maps of lithology, hydrothermal

ration, and mineralization targets.

Prediction map generated using Single-level OBIA on

Aramo the WorldView-3: Ria de Vigo

Closed mines

Qualitative and quantitative assessments
of AMD were achieved using EO data.
Ground monitoring tools allowed the
identification of ground disturbances.

stockpiles were created, and 3D
displacement maps were

Sampling data:
10.06 2023

LincafSight COSMO Deformation
50> W >+

| )v.ul

Prediction map of the best model (RF) for three study

COSMO-SkyMed lakes and their water samples in Outokumpu
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