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• Tool for Vision  
• Detection, Classification (ConvNet) 
• Self-supervised Learning 
• Super-resolution 

• Tool for Discovery  
• Earth System Modelling Data Science 
• Digital Twin Earth (DTE) 
• Physics-Informed Neural Net (PINNs) 

• Tool for Operations 
• Spacecraft Health & Safety 
• Time Series analysis (anomaly detection) 
• Mars Express energy management

• Tools for Enabling Communities 
• AI Pipeline Management  
• Data-centric AI Challenge with OPS-SAT 
• MLOPS for rapid flood detection 

• Tools for Intelligence in Orbit  
• Edge Computing & phi-sat 
• Cognitive Cloud Computing  

• Concluding Remarks 
• AI Renaissance, Challenges & Opportunities 
• Research Agenda

• The AI Renaissance  —> The Rise of AI4EO
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The AI Renaissance
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AI everywhere!

Digital Assistant  
(NLP)

Image Processing, 
Classification, 
Recognition, 
Inpainting, 

Computer vision & AutonomyGaming

Autonomous Driving

CMON (ISS)
Quality Assurance
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What is AI?

Artificial Intelligence (AI) 
=  

Machine Learning (ML) 
+ 

Automatic Reasoning 
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AI - Why it matters? Why New Paradigm?

Automation of Computer Programming  
(Software 2.0)
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 Towards adaptative AI pipeline

Suite of architectures, 
Physics-informed  

Neural Nets (PINNs)

Label, Invariance, 
EO, IoT, Synthetic Data

Pre-trained models,  
(Foundation Models)
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Our Main Focus here 

Augmented Intelligence (AI) 
=  

Machine Learning (ML) 
+ 

Human in the Loop (Crowdsourcing) 
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The rise of AI4EO



10Apollo 17, 1972
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Global Data to address 
Global Challenges

e.g. climate change, sustainable 
development and use of 

resources

Taking the Pulse of our Planet



12Drones

IoT
HAPS

Earth Explorers
Meteo Satellites

Constellations

Sentinels

Scouts

Multi-Sensors EO Landscape - System of Systems

FSSCat
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Eruption started on 19 September 2021

Sentinel-1 interferogram (14-20 Sep)  
[courtesy Pablo J. González]

First lava map produced by 
Copernicus Emergency 

Management Service

Sentinel-2 (20 September) 

Sentinel-5P (SO2, 20 September) 

Copyright: Contains modified Copernicus Sentinel data (2021) 

Based on Sentinel-1  
Cosmo-Skymed data

Addressing diverse Sensing
Eruption in La Palma (Canary islands, Spain)
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AI4EO = the perfect Match
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Observation

Action

Prediction

Model 

Quantify
Understand

PLANETARY
HEALTH



16

Enhanced 
Observation

Informed 
Action

More Accurate 
Prediction

Better 
Model 



17

Observation

Action

Prediction

Model 

* Classify
* Quantify
* Understand

* Accelerate
Simulations
* Emulate
* Parameterize

* Decision
Support
* Assess 
Impact

* Optimise 
sampling

* Understand
Patterns
* Infer
Causes

Splitting a Big Prob into Small Probs
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New Tool for Vision
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Quantifying Risk & Impact of Floods



FLOODSOIL SPILL VOLCANOESLANDSLIDESHURRICANES FIRES

BEFORE

AFTER
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2021



self-supervised semantic 
information

https://github.com/FrontierDevelopmentLab/sat-extractor

https://medium.com/radiant-earth-insights/stac-updates-fall-2021-ac97e66edb48
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Data Augmentation - Active Learning

Adressing the long tail! Generalisation is in extreme case
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  Supervised Learning  (ConvNet)

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

● Investigate approaches to overcome 
ambiguous SAR signatures  

Technical University of Denmark

● Automatically produce multiparameter charts

Danish Meteorological Institute

Automatic Arctic Sea Ice Charting  
Credit: Andreas Stokholm, Andrzej Kucik, Nicolas Longépé
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Graph Neural Networks for Climate Change

CAMS Europe 
Nitrogen Dioxide (NO2) 
Great Britain, 01 Oct. 2018

Sentinel-5P
Nitrogen Dioxide (NO2) 
Great Britain, 01 Oct. 2018

Missing data Missing data imputation using 
Graph Neural Networks

Great Britain

London
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  Hybrid Quantum Machine Learning (QML)

S-2 QML ResNet
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Community Challenges

KP Labs data set from airborne 
survey on soil properties with hyper 

spectral sensing

ai4eo.eu

http://ai4eo.eu
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New Tool  
for Discovery
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 SciML
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Earth System Data Lab

https://www.earthsystemdatalab.net
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Fast Emulator / Surrogates for 
Obs Operators

(retrievals, atm correct, benchmarking)
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  Emulators (Surrogate Models)
TOA RadianceTOA radiance

https://ai4earthscience.github.io/neurips-2020-workshop/papers/ai4earth_neurips_2020_19.pdf

Emulator Global Forecast (precip)

Trained on ECMWF 
Reanalysis



TAKING THE PULSE 
OF OUR PLANET 
FROM SPACE
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Quantifying health-risk with EO data and AI 
(application to Dengue)

UNESCO | IRCAI Global AWARD  
Top 100 AI solution for SDGs     

to Φ-lab team for their work on forecasting 

dengue outbreaks with UNICEF

“This project is a perfect example of 
collaboration between a humanitarian 

organisation and a research entity to support 
the UN SDGs.” 

Dohyung Kim  
Lead Data Scientist at the UNICEF  
Office of Global Innovation. 

Health

EO

Socio-economic 
(census)

Population

 AI 
Artificial Intelligence

Climate
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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

VR4VED
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Workshop 
website

THEMATIC    AREAS 
1. Enhancing Satellite Observation with Machine Learning (ML) 
2. Hybrid Data Assimilation - ML approaches 
3. Geophysical Forecasting with ML and Hybrid Models 
4. ML for Post-Processing and Dissemination 

##  OVERVIEW 

• Over 1,100 registrations from 85 countries around the world. Germany, Italy, and the UK large representation.  

• Pierre-Philippe Mathieu (ESA) and Andy Brown (ECMWF) - vision to enable both ESA and ECMWF’s Member and  
        Co-operating States to benefit from ML advances to satellite observations, and weather, and climate modelling.  

• 1st-3rd days - devoted to 33 oral presentations from experts across Thematic Areas. 4th day - listen to the participants, coming from both academic 
and industry backgrounds with rich experiences and expertise on current ML methods for ESOP applications. 

## KEY MESSAGES 

• Importance of advancing on explainable ML tools and understand the inner-functioning of the model, tackling the ‘black-box’ challenge.  

• New ML in Earth Science agenda - revolutionise the value extracted from Earth Observation (EO) satellite images/videos: event recognition (cultural 
events vs manifestations) and building permission control based on text mining from urban planning regulations.  

• ECMWF’s Senior Scientist Dr Geer stressed how EO products are essential to Data Assimilation systems, providing the initial conditions and 
parameter estimates of the geophysical atmospheric state to describe complex physical dynamics needed to make geophysical forecasts.  

• The incorporation of ML methods into Earth System’s Data Assimilation can attempt to emulate the whole or part of the dynamical system.  

• ML limitations: very task-oriented methods - difficulties making predictions about physical processes (e.g., volcanic activity), since they lack prior 
knowledge about the system they want to describe. 

• ML limitation: need for more AI-ready datasets and access to pre-trained ML models that need to be customised for a specific application. 

• Standard ML benchmark seen as a Triade: limitation, opportunity, and challenge  

• Private sector - reluctance on the operational/user services to explore ML approaches due to the strong interpretability and trustworthiness of 
(benchmark) statistical methods, and the concern about possible service disruptions due to unforeseen ML model issues.  

• Future direction: ML generalisation capacity (a real game-changer!), known as Transfer Learning – apply a trained-ML model to different 
geographical regions or temporal periods to the same or a similar problem (e.g., food security, climate change mitigation).  

• Future direction: ML techniques learn causal relationships rather than associations or patterns such as between climate variables.  

• Future direction: More scientists who can do both, ML and Earth system science - linking two communities.   

• Future direction: Adjust the ML models to widen the magnitude of their prediction range to capture severe events (e.g., flooding, Climate Change) 
due to their catastrophic impact on society and economy.  

• Further opportunities: explore the future digital twin engines provided by the Destination Earth initiative.  

• Final remarks: participants feedback reinforced the call to produce replicable, explainable, and sustainable ML methods

2022 
3rd edition 
confirmed!
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Spacecraft Health 
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AI for Predictive Maintenance (ESOC)
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Mars Express

https://spaceandai.ijs.si/2020/Session%201_Matej%20Petkovic.pdf
Courtesy : Jose Martinez-Heras, Alessandro Donati, et al. 
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AI Workflow Engineering 
& Management - MLOPS 
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 Towards adaptative AI pipeline

Pre-trained models,  
(Foundation Models)
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  Data Augmentation - Labelling via Gaming

Credit: Blackshore
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Data Augmentation - SAR (IceCube)
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Ops SAT data-centric AI onboard challenge 

Data-centric AI Challenge: you are 
given a (quantized) neural model that 
has passed all the requirements for 
inference on-board OPS-SAT. 

Can you train its parameters as to 
predict one of eight classes for some 
tiles (few shot learning) coming 
directly from the spacecraft imaging 
sensor?  How to best represent the 
data



NASA WORLDVIEW 

Search by similarity (no labels)



https://docs.google.com/presentation/d/13ANb-jPD7oCAkprPTbPekbvRRDjxwXeEpfGCs-WkY-M/
edit#slide=id.p

AI generated Flood Map 10 mins after image acquistion 

http://www.youtube.com/watch?v=x4hUYHMJAkQ
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ML4Floods
end-to-end open source package for 

flood extent segmentation 

Data acquisition from different sources 
Preprocessing 

Training of DL models 
Inference on new images 

Metrics 
Dashboards 

EUMETSAT MOOC | Future Learn  
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Network Intelligence  
in Orbit 
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  Edge Computing

Ultra-low Power,  
High peed, Cheap
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Check Video https://bit.ly/2PTSjgB

2020

https://bit.ly/2PTSjgB
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D-Orbit  
Wild Ride Mission, June 2021 
ION Platform with 6 cubesats, 20+Machine Learning Apps on SpaceCloud 
Dashing through the stars, Jan 2022 
Re-training of ML

Nebula payload
On-orbit Cloud 

Computing Node 
(UNIBAP SpaceCloud)

Re-programmable 
AI Brain
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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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Source: Letter to DG on Cognitive Computing in 

Space, from 10 European New Space Companies
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Source: Letter to DG on Cognitive Computing in 

Space, from 10 European New Space Companies

https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/
The_Discovery_Campaign_on_cognitive_cloud_computing

• AI data centres 
• Blockchain 
• Tip&Cue LEO-GEO for Methane 
• Space traffic management  
• Neuromorphic computing 
• Lunar rover autonomy 
• Federated Learning for constellations 
• Auto-calibration in orbit 
• Optimised sampling dual camera 
• ….

Cognitive Cloud Computing - Discovery Call
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Concluding Remarks 
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Enabling AI-research assistant?
Opportunities 
• AI feeds on Big data & learn the underlying Structure of data 
• AI accelerates Time to Insight for EO 
• Big complex problems can be split into small problems 
• Reshape software-defined sensing 
• Enable transfer learning 

Challenges 
• Whitening the black box & Interpretability (xAI) 
• Quantifying Uncertainty 
• Issue of generalisation + depends on data quality



System of Systems

ESA UNCLASSIFIED – For Official Use 
European Space Agency
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AI co-pilot
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MAKE SPACE FOR EUROPE 
 

#SpaceAmbition 
 

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

 
www.esa.int


