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Spaceship Earthf

Courtesy ESA/EUMETSAT, MSG Mar 2022
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Al co-pilot to gujdésSt

Measurements Feeding on Big Data

Earth Observation
s A Y W T
Augmented Intelligence (Al)
= Machine Learning (ML)

+ Human in the

Decisions Insight

Human
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Hello! I am Gaia,

your personal & (hopefully)
favourite geospatial digital
assistant ... :-)

Courtesy Roberto del Prete
MOCKILIP - not real




Bonjour, hereis a
suggested itinerary you
cannot miss ..

Maybe you could visit the
Atomium & Royal Palace, the
Grand Place, & Cathedral of
St. Gudula.

2023-02-14 00:00 - 2023-02-14 23:59, Sentinel-2 L2A, True color

-
Credit: European Union, contains modified Copernicus Sentinel dal} 2023, processed with EO.Browser

(;pemcus I/ sentinelhub



Brussels is one of the
greenest European capitals,
S0 you could relax in a
variety of parks, .... here is
a quick assessment of the
current state of vegetation
captured by Sentinel-2
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1l 10:10
EARTH CO-PILOT

Co-Pilot

Also, it is a good time to go
out as favourable wind
conditions will give
moderate level of pollution
(Here captured by S-5P and

Copernicus forecast).

....S0 great time for your
visit .. enjoy ..

i

\L Wrﬂd;com

ug/m?

Courtesy Windy, CAMS

Andorra la Vella
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llll ' 10:10
EARTH CO-PILOT

Hey Gaia! | am working on
disaster management for
UN ... What are the flooding
risks in Nairobi
now?following recent strong
precipitation?

You can see here, the flood
risk and impact quantified
from S-2

TR TR

e T

Nairobi | March 19, 20

" =

/ Image: DigitalGighe s . %\ nis
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Anuis

Courtesy FDL, fdleurope.org
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Hey Gaia! | am a climate
scientist ... How can satellite
help us monitor our climate
and assess the impact of

our human activities?

Hello, satellites are

continuously monitoring the
vital signs of our home
planet as a doctor, these
are called Essential
Climate Variables (ECVs) ..
here is some examples
..Sea Level, Surface
Temperature




il 10:10

EARTH CO-PILOT > ' I
Ozone hole development 2022
Co-Pilot @

12 mPa ozone partial pressure isosurface coloured by total column ozone
Another famous example
in the Antarctic is the
Ozone hole, here you can
see how EO data help
scientists to quantify the
benefits of the Montreal
protocol

01 Jul 2022 00 UTC
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You can also look across
the ECVs, through my
algorithm, which captures
the changing patterns,

Methane Evaporation Carbon Dioxide Air Temperature

here you can measure the ¥

effects of El Nino on Net Ecosystem Exchange Sensible Heat Gross Primary Production Evaporative Stress Black Sky Albedo
vegetation and the carbon A P ‘ >
cycle ... You know | am | . | |

very good at finding & | W

patterns across different
data sets ...

Burnt Area Water Vapour Land Surface Temperature Surface Moisture

c >

s

Typing

Courtesy ESA/Earth System Data Labs, Planetary Vision, https://www.earthsystemdatalab.net/
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Al matters New @OtnputingsParadig

Automation of Computer Programming

e

Output = Data

Learning

Output = Software
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Black Box (xAl)

JELE el Lack of Understanding

Courtesy https://becominghuman.ai/building-an-image-classifier-using-deep-learning-in-python-totally-from-a-beginners-perspective-be8dbaf22dd8
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Computer Vision
Pattern Detection
InPainting

Super resolution
Parameterisation

ww=pp [Training / Learning

Active Learning + Data centric MLOPS

Deployment

16
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“... the computational ability to achieve goals.” John McCarthy

2020 - GPT-3
y 2014 - Tl
2008 - - Self
Siri Voice ¥ > A Driving
Assistant o b b — Cars
S0 577,147 0 2l $21,600 | & OpenAT
O - l !l l l | ® GPT-4
Frank Rosenblatt .y FL Y N g (T T --.
Perceptron - - ’
| IBM Watson wins Jeopardy DeepMind AlphaGo, & 2017 Alphazefo ChatGPT
1957 2011 2016 2022
1997 2012 2021

Deep Mind
AlphaFold

1950 - Age of
Intelligent
Machines

Stable Diffusion

i
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Prompt: a group of cute
yellow robots farming
potatoes on post
apocalyptic mars ....

Synthetic Data
ITT out

thispersondoesnotexist thiscitydoesnotexist

Total Precipitation

104 mm yr!

BELSPO DeepV. DeepFaking ecosystem
response to climate extremes. DeepV. Prof
Stef Lhermitte & Ben Sommers , Ku Leuven

Mean Temperature

-2.1C (Real) 54C 12.9C 20.4C 27.9C

304 mm yr

504 mm/yr (Real)

704 mm yr

Predicting landscapes as seen from
space from environmental conditions

C. Requena-Mesa, M. Reichstein, M. Mahecha, B. Kraft, J, Denzler
January 2018

904 mm yr'

thislandscapedoesnotexist
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1,250,000 — Stylized Path To 1 Million Users® [# of days from launch]

1,000,000 ChatGPT @ Instagram Spotify ;a
~5 days ~75 days ~150 days /
750,000
500,000
250,000 V
ﬂ,ﬂ,,;r/,‘.«;f # {da
) ] ‘ /
s 0 25 50 75 100 125 150

Hello! How can | assist you today?

&) Audio ¢ Video

Large Language Model for EO

ITT out
Courtesy
Issue of v
Hallucinations 1758 1000+ B
parameters parameters?
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‘z Andreas Luyts - 15t

% 7 ESA @-lab National Trainee
Reshared from Pierre-Phiippe Mathieu g7 « 167+ ®

Prompt engineering

Pre-conditioning Eesa

continuous : A LRGeS
|earn|ng ' iy 2 : ' L ’ -hu!us'g,gu'(
l 5 hx Po: (r]g
l |
. o Relevant aR\
Trying to mitigate paragraphs |
Issue of
Hallucinations |
e Answer
CHATBOT

Courtesy Andreas Luyts, Luke Camelleri, phi-lab
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Al Foundation Models for EO
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Al Future =
Federated Learning

FOREST \. = - ' ol
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Solve big problems
with small solutions
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Who will be the
biggest user of
EO in 10years?

A Bot?

Image to Text
\ J
( )
Detection/
Segmentation
. J
( )
Physics-informed
ML (PINNs)
. J
( )
TinyML for edge
computing
. J
( )

Super-resolution

\.

f

\.

Prediction / Emulation

J

Caption

Land cover map

Data Science

Onboard App

High-res image

Forecast
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POINTS
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GIS MAPS

HYPERSPEC

Web
Text
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RELATIONSHIPS

Big idea of Transfer Learning

Courtesy: FDL

Transformer
Architectures

Compute
Intensive
Training

Few shots
learning

Compute

Cheap
Tailoring

\ 4

A 4

A 4

Image to Text
\. J
( )
Detection/
Segmentation
. J
( )
Physics-informed
ML (PINNSs)
\. J
( )
TinyML for edge
computing
\. J
( )

Super-resolution

\.

(

Prediction / Emulation

\.

J

Caption

Land cover map

Data Science

Onboard App

High-res image

Forecast
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KappaMask (Al) Sen2cor (rule based)

* See more at: https://kappazeta.ee/cloudcomparison

(APPAZ

m

Water misclassified
as cloud shadow

| Small fragmented
clouds undetected

Legend:
Yellow — cloud

Green — cloud shadow
6

Challenge —-> Capturing the Long Tail! Generalisation is in extreme case
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Coder
Optical
Embedding

Coder - Decoder Model OUtpUt

Time Series Optical
Sentinel-2

L',.A; \

Sentinel-1

Courtesy: Sebastianelli, A., et al. (2022). PLFM: Pixel-level merging of intermediate feature maps by disentangling and fusing spatial and temporal data for cloud removal.
IEEE Transactions on Geoscience and Remote Sensing, 60, 1-16.
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Moving from Static to Dynamic land cover maps
Enabling the open source community

Radar S-1 + optical S-2

Courtesy ESA Al4Food project, VITO, Uni Valencia, Sinergise https://open-eo.github.io/FuseTS/
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ECV: Ocean Colour - Chlorophyli ECV: Sea Surface Temperature (SST)

(South Atlantic Ocean) Equatorial Pacific
Initial CHL 01-Oct-2020 Initial SST 01-Dec-2020
36°S
40°S
44°S G ;O
agos| 5 160°W '140°w 120°W  100°W  80°W

32°S
36°S
40°S
44°S

DINEOF CHL | DINEOFOl Dec- 2020

a8°s|

160°W  140°W  120°W  100°W  80°W

Courtesy GHER, Uni Liege, Aida, DINEOF (Data Interpolating Empirical Orthogonal Functions):
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300

500

20

100
40
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60

300
80
400 100
120

500

0 100 200 300 400 500 0 20 40 60 80 100 120
Need for:

- Uncertainty estimation
- Robustness vs hallucinations

Courtesy Al project Open SR, Uni Oxford, Uni Valencia, Brockman Consult
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https://www.ml4esop.esa.int

Observation

VRA4VED

SEEEEEEm -l-l-l-i-llllll'>

Computer Vision, Enhancement
Pattern Detection

Machine
Learning

e

vv/

Prediction

Emulators,
// Physics-informed Al
/ Parameterizations

-

ECMWF-ESA Workshop on Machine Learning for
Earth Observation and Prediction, 2024 Frascati
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Al computing In Space
Network Intelligence in Orbit (NIO)
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SPACE EDGE
COMPUTING

Earth Observation
@ —

p Earth Observation
Space Science

& Exploration

SPACE CLOUD
COMPUTING

IN-ORBIT
SERVICING

¥ ) . r i -
™ - EARTH CLOUD- B % 1 loT\ \»\
% COMPUTING - !

& HPC
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502 EMITIDO POR LA
RUPCION EN LA ALMA
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Intel Myriad
Vision Al chip

phisat-1
Sep 2020

Nebula payload
On-orbit Cloud
Computing Node
(UNIBAP SpaceCloud)

ION WildRide
June 2021
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lon lon (gj\\ Al Federated
~ N P Learning

-~ 4 LN | Information

ICEYE 3 Actionable

S
: , /“‘ f” -’I' f’ H fI H H r\ r'l"' Infg\;,mp?[;;)tgs) UItra-IOW Iatency

N b, to users

reduced from
HOURSs to MINs

Other use cases
e.g. Methane,
Land Covert

Courtesy Planetek Italia, §pi[e Iceeye Aiko’f)-Orbit . Do not try this at home. AIKO
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Limited

7~ N

~
>

ACTIVE LEARNING LOOP

Follow up from multiple vantage points 3rd party verification

Near 100% detection rate, bi
narrow swath
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Courtesy FDL, Trillium Tech




EMBARK
YOUR AI APP
ON THE ISS

#0rbitalAI

EMBARK
YOUR AI APP
ON Psat-2

#0rbitalAI

AutoICE Seeing Beyond the Visible

Create the next state-of-the-art for $#HYPERVIEW
automated sea ice mapping from Sentinel-1

Permanently Opened Challenge
SAR data.

€3,000 cash + 13,500 points 0 points

Courtesy: spacetech ai4eo.eu

ai4eo.eu ﬂ$ o

Enhanced Sentinel 2
Agriculture

Permanently Opened Challenge

AI4EOQ Challenges by -lab Home Challenge portfolio ~ Host a challenge Contact

‘ L XS
¢ \ /
7

/,w'/ ; ﬁ\ /
’ z

Challenges by
d-lab

PARTICIPATE IN THE CHALLENGE
‘ MOST A CHALLENGE

Al on the satellite, it is the way to go!
Real-time decisions, faster than you know!
Save on bandwidth and response so quick!
With Al, we're gonna make it click! ....

Rap song by ChatGPT
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http://ai4eo.eu

Concluding Remarks
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Capitalising on

Upcoming ITTs
Al-26 NLP [1Meur]

FS-03 Foundations Models ‘
FS-04 Cognitive Computing in Space

FS-05 Al trustworthy applications for Climate
FS-06 Immersive Visualisation (Metaverse)

FS-07 Quantum Computing )
P
(‘ )) Metaverse
~
-_— GreenComputing
BigData CyberSecurity % = =
BlockChain = =
' _ Quantum
Cloud Edge computing

Computing

Courtesy: Andreas Luyts with inspiration from Cap Gemini roadmap
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Working-with the lab /8% <= -

‘ Visiting Professor

‘ Visiting Researchers (Industrial and Scientific)

‘ ESA Research Fellowships
‘ ESA Co-funded PhD

‘ ESA Young Graduate Traineeships (YGT), Internships
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