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Earth SystemObservation

Machine Learning

Prediction

Computer Vision, Enhancement
Pattern Detection

Data 
Assimilation

Targeted 
Obs

Emulators,
Physics-informed AI
Parameterizations

Digital Twin Earth

Why?
• New Tool in Toolbox
• Multidisciplinary Community
• Amazing Speed of change



!2Drones

IoT
HAPS

Earth Explorers
Meteo Satellites

Constellations

Sentinels

Scouts

Multi-Sensors EO Landscape - System of Systems
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ML = Automatic Computer 
Programming

• Versatility - Transfer Learning 
• Scalability - Feed big Data 
• Automatic - Continuous 

learning  
• Black Box - Stats vs Physics

Why Machine Learning ? The Deep Learning Big Bang

Data Augmentation

• Label/Annotation (gaming) 
• Invariant 
• Cubifying Data 
• Gridding

• Computer Vision  
• Pattern Detection 
• Enhancement - inPainting 
• Enhancement - Super res 
• Parameterization

Training / Learning Deployment
Active Learning + Data centric MLOPS
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Earth Observation and Artificial Intelligence for 
Automatic Arctic Sea Ice ChartingAndreas Stokholm, Andrzej Kucik, 
Nicolas Longépé

● Map sea ice automatically from satellite imagery 
for use in operational maritime navigation

● Investigate approaches to overcome ambiguous 
SAR signatures  

Partners

● Technical University of Denmark
● Danish Meteorological Institute
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2021

Sentinel-2 Embeddings

Self 
Supervised 
Learning

UNSUPERVISED LEARNING

fdleurope.org

http://fdleurope.org
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2020

GCM  
Model Emulator

Observed Radiances

Atmospheric  
State 

Forecast

PREDICTION EMULATOR

fdleurope.org

http://fdleurope.org
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Towards Hybrid Climate Models pipelines
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Cognitive Cloud Computing in Space

Source: Letter to DG on Cognitive Computing in 
Space, from 10 European New Space Companies
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ION Platform with 6 cubesats, 20+Machine Learning Apps on SpaceCloud

Nebula payload
On-orbit Cloud 

Computing Node 
(UNIBAP SpaceCloud)

Europe has some precursor: Cloud Computing 
Node in Space running suite of Machine 

Re-programmable 
AI Brain



System of Systems
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MAKE SPACE FOR EUROPE 
 

#SpaceAmbition 
 

philab.phi.esa.int 
linkedin.com/in/ppmathieu  

 
www.esa.int


