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Rafael del Hoyo Alonso

Head of Al & Cognitive Systems - Instituto Tecnoloégico de Aragon

L]o]l]jz hjz 5~-~ lz~]«~ z]J]h« 60!«
focusing on Earth Observation, geospatial analytics and Artificial
Intelligence for environmental assessment in mining areas. His

work centres on the development of Analysis Ready Data

workflows and environmental indicators that combine satellite

Imagery, spectral indices, land cover information and in -Situ
observations to support responsible exploration and sustainable

exploitation of critical raw materials.

He is Head of the Al and Cognitive Systems group at ITA, with

extensive experience in Al, data mining, cognitive systems and

applied R&D projects at national and European level.
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Innovation and
technology In our
DNA

Since 1984, we guide and help companies to
become more competitive and excellent through
Innovation and technological development,
thanks to ITA's talent and advanced equipment.

Learn. Transform. Impact.
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Teamwork Results - oriented

A multidisciplinary team

working for you
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PEOPLE PHD HIGHER EDUCATION

A Mechanical industrial engineering

A Electronic industrial engineering
A Computer science or telecommunications Innovative Service vocation to
engineering solutions society

A Degree in mathematics, physics or chemistry
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TERRAVISION

Why TERRAVISION In this discussion?

Critical raw materials need faster exploration and stronger environmental confidence.

Europe needs resilient CRM supply chains, but
conventional mining faces environmental, social and
transparency challenges. TERRAVISION addresses this

with an integrated Earth Observation -based mining
services platform.

202412027 15 partners

Horizon Europe Innovation Action EU / EEA consortium

6 sites K 2 HOZ ® ~

Validation campaigns in mining contexts EU contribution
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TERRAVISION EXPLZSRING
TOGETHER

The platform logic: four pillars, one data backbone

ARD is the layer that makes EO products comparable, reusable and auditable.

Data Ecosystem o ARD & Spectral Library o EO Mining Services

Standardised multisensor data and Exploration, mapping, extraction,

Copernicus, drones, radar, inrsitu and
stockpiles and hazards

industrial data mineral signatures

. . Pillar 2 enables Pillar 3 services and Pillar 4
¢2RI e Qa .
accountability.
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From Deep Exploration to Responsible
Explottation of Critical Raw Materials

é Green & Resilience
Accountability

Environmental and sociceconomic
Impact indicators
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The ARD challenge in mining

Mining sites are heterogeneous, dynamic and environmentally sensitive.

Sensor diversity
Sentinel-1/2, PRISMA, hyperspectral campaigns, drone imagery, ground radar
and in-situ observations.

Temporal inconsistency
Clouds, acquisition gaps, seasonal vegetation, operational changes and
different revisit times.

Mining-specific noise
Dust, tailings, exposed soils, water bodies, slopes and artificial structures
change spectral signatures.

Accountability requirement
Indicators must be repeatable, explainable and traceable enough for
operators, authorities and local stakeholders.
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TERRAVISION ARD: turning raw EO Into trusted evidence

A harmonised pipeline for multisensor, multiscale mining observations.
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From Deep Exploration to Responsible
Exploitation of Critical Raw Materials

Common grid - metadata -
temporal alignment - spectral
normalisation

ARD cubes - features -
indicators - provenance

Satellite - drone - hyperspectral - Cloud/shadow masks - flags - Atmospheric - radiometric -
radar - insitu uncertainty - gaps geometric - orthorectification

Core ARD principle: every pixel and feature must carry enough metadata to be interpreted, reproduced and trusted.
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A layered ARD model for the mining life cycle

From observations to semantics: each layer serves a different decision level.

Raw observations

Sensor data, acquisition metadata and initial products

Cleaned & harmonised
ARD

Masks, corrections, georeferencing, resampling and uncertainty

Mining features

Change maps, objects, anomalies, deformation and spectral features

Semantic indicators

Environmental indicators linked to mining entities and reporting needs

The transition from L3 to L4 is where EO becomes decision support: it connects m
change with mining operations, environmental context and evidence requirements.
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Machine learning is only reliable when inputs, labels and uncertainty are controlled.

O Data ARD cubes + spectral library +situ labels
(]
® Models Change detection - segmentation - anomaly detection -
time-series forecasting
(]
@ Outputs Features, maps, alerts and environmental indicators
@
O Trust Provenance, uncertainty, quality flags and explainability

In a responsible mining context, model performance is not enough. We also need to answer: w
data, what uncertainty, what evidence, what decision?
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What ARD enables for responsible exploitation

A shared language for operators, authorities, researchers and local stakeholders.

Repeatability Traceability Comparability

The same processing chain can be applied over Inputs, corrections, flags and model outputs Indicators can be compared across phases and
sites and time. remain connected. pilot sites.

Early warning Reporting Social licence

Timeseries anomalies reveal risk signals before Evidence packages support sustainability, Transparent indicators help communicate

they become incidents. permitting and closure discussions. environmental performance.

ARD is not just preprocessing. It is the evidence layer for trustworthy-B&sed mining
services.
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TERRAVISION: Adowered environmental mining monitoring

Mining scenes are dynamic: exposed soils, water bodies, vegetation, dust, tailings and operational change all interact speadity.

Temporal Consistency

Al reconciles acquisitiorns frofi-different dates and atmospheric condytions
ensuring environmental trends are real, not sensor artifacts.

Spatial Comparability
Machirielearmirrg riormralizes data from diverse sensor types to a common
reference, enabling accurate comparison across mine sites globally.

Environmental QA

Al models automdticaltyfiltercloud shadows, instrument noise and grrors
clean inputs that analysts and decisiorakers can trust.

Decision Evidence

Arcondersesterabytes-of satéllite data into clear, quantifiable indicators that
operators and regulators can act on with confidence.

Mining environmental monitoring concept

ARD turns heterogeneous EO observations into comparable environmental evidence.
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Environmental Indicator concept

A composite indicator is more useful than isolated spectral indices for mining environmental assessment.

: Land Use / Environmental
Spectral Indices Land Cover Sensor Data —- Indicator
models
J
Result image from WP11: Environmental Indicator enrichment workflow
Spectral indices @Land Use / Land Cover @sensor data Composite
_ _ _ _ _ _ _ _ - environmental
Vegetation, water, moisture, bare soil and Segmentation helps separate water, mine In-situ observations provide calibration, L
. | o S | Indicator
burn/exposed-surface proxies computed from areas, vegetation, bare soil, agricultural zones validation and environmental context,
multispectral EO data. and infrastructure. especially around water systems.

The objective is not to replace expert interpretation, but to provide consistent, traceable evidence over mining areas &
time.
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