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Overview

« What can you have from space
 What can we give you on the ground

« Emerging domains, issues and opportunities
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ESA-DEVELOPED
EARTH OBSERVATION MISSIONS satellites
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Sentinel Launches

High Medium Atmospheric | Atmospheric | Atmospheric Altimetry
Resolution Resolution Chemistry Chemistry Chemistry
Optical Optical & (GEO) (LEO) (LEO)
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Copernicus 2.0 — 6 High Priority Candidate Missions&;esa

oy,

Monitor causes of
Climate Change
=» CO, Imaging
Spectrometer

Monitor effects of

Climate Change
=» Polar Ice & Snow
Topography

Sea lce Conc. & SST
=» Passive Microwave
| Imaging

Agriculture & Water A

Productivity
= High Res. Surface
Temperature

Food Security, Soil &

Minerals, Biodiversity
= Hyperspectral Imaging

Vegetation & Ground

Motion & Moisture
=» L-band SAR
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Science: Earth Explorers -

=
17

v~
®
7
Q

flex goce
2022 2009 - 2013
biomass = SMOS
2 ESA'S FOREST MISSION 5 g“’( 2 ESA'S WATER MISSION
2022 % ‘ 20 2009 — Present
t' *
earthcare
» Esa's cLoup, AERosOL fonsat
2021 2010 — Present
aeolus swarm
2 ESA'S WIND MISSION 2 ESA'S MAGNETIC FIELD MISSION
2018 2013 — Present
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National Missions {cesa
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~ magneticfield — o Eaotion s
' oo )/"' Y ) (earthquake/volcano/landslide) & esa

aero ol ‘ ocean .
properties F- , & \ -'& colour YA prOVIdeS
' : p gases | = W ice sheets /

IR i Mice W 4 EO mission data
glaciers & m aice | s . shelves

g land cover T e :

b  ocean PN ( addressing

geoid

S€d

pollution .
"ii‘ﬁg. sea salinity

rapar  almost all

B o parameters
ol = r"::’v'ﬁ;"" : -
_ albedo‘%ﬂ retrievable

by EO satellites

= Extreme
user diversity
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¥ Buenos Aires
. Time, context and layers of data
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Small Satellites data collection capabilities claims XX eSa

« Multiple revisits per day for « On-board processing for
« Optical/NIR « Automated channel selection
« X-Band SAR - Automated feature detection
- Satellite Video - Automated parameter calculation
« Atmospheric chemistry - Automated tipping & cueing

« Automated cloud cover assessment

- Regular revisit for:

« SWIR « Risk elements remaining:

- HyperSpectral - Radiation

« TIR - Attitude control/stabilization
« SDR « Orbit maintenance

« S-band SAR

« X-band SAR
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Complementary data collection platforms

o —
aQuaal

citizen
science
Robotic
data
collection
platforms

HAPS " Other IOT
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New EO Challenges and Trends {zesa
From 20 to 80 EO Copernicus revolutionizes EO

satellite Launches per
Year worldwide
S Daily EO dataflow in TB

B / Archives entering PB era

New Players and
/—° Innovation
Approaches in EO
 Non-space players
Al, IoT, HAPS, nanosat
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Earth Explorers |
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How to ensure these developments maximize opportunity? &Q\%——'esa

- Platform based processing and
service access enabling multi- _
sided markets

 Orchestrate access to
distributed resources

« Ensure interoperability and
efficiency of data discovery
and access mechanisms (in ' | Soii=—sm—

Exploitation Sdentific Data Public Sector Industry
Exploitation Benefits

et 00 | 1
NI IT RN 00 141
Natienal/Commercial
Platform Services

EXPLOITATION TIER

Services Layer

particular on-the fly i
processing) e — — —
- Build on state of the art rapid ; g b

Ground Segment . s Sentine Natianal/ commercial

access/query database
technologies
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Scalable Access to High Performance Processing

/ﬁ

EEEEEEEE

o SENTINEL
mundi
U WEB SERVICES ’3 Google ClOUd
o SENTINEL
o °
WWWMUNDIWEBSERVICES.COM o N D A WWWWEKEO.EU
WWW.ONDA-DIAS EU Slide 16
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Thematic Exploitation Platforms

- Optimized access to |““33“"3
multiple datasets and
processing resources Emnlnvees neuelnners
+ Rapid scalability from \rechn(ﬂogy
initial small scale
testing to large scale / \
execution Users/
« Structured access to Creators - Platform . cnnzfl:liers
customized analytics
capabilities / """"""""""""" |
« Collaborative tools and / culkgre
support environments
_ Partners/ Governments
« Inter-operable with Other Companies /
complementary ~~ Research
capabilities Institutions
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— 01 ha c= ™= 4 I W = " 111l C O S == B2 11 T == 22 w1l European Space Agency



Example 1 — the Urban TEP
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Example 2 - the Geohazard TEP e esa

EOh Zal'ds Access to Publicly
‘ z tg a > . available data, %) Signin (' Register £ Contact EOData ~  EO-based products ~
ep oroducts and more

KR PR - A - Y A ~ S o s S5

Q | Free Text Search e BT .. P L 2 . *iPollena _
| : ,-r g 5 g . L . : : b, g ) a-‘ rocchia
o ST . o I RN
. % . o ’-m' D ) WL, i

G . i . - S W 5.
| : | | | : -
: (el 5 L ST .. -4_-

0
LOS (cm/year)

Lon: 14.218 Lat: 40.803 3 i & Terradue

Current search result Data Packages

Result for OpenSearch query over type ... Total results 38 . 225 data packages found.| Q| Filter data packa

i

Processing Services

InSAR SBAS Hawai tutorial
Q Set as current search

PF-ERS Tutorial

Q Set as current search

London Desc ASAR
I Q Set as current search l

© 000 99

Bhutan_2_tr176_desc 19

O\ Crt cinimrsvmanb mmmvabs
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EO Products for Urban Development &&iesa

Building Population Waste
Footprint Density Sites

,,k:

) Transport Informal
Baseline Products Infrastructure Settlements

Urban and Peri-Urban Land Use / Land Cover

Landslide Terrain
Risk Motion
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Analysis Ready Data/Data Cubes “\&‘Q%esa

Sentinel Hub on-the-fly ‘

¥

Sentinel Hub mass ‘

L

processing
XCube ‘
Slide 21
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XCube

 Request data at large scale - either spatial or temporal eg:
« Run your algorithm for a whole continent
« Pre-process vast amount of data

- Execute, go for a coffee and have results ready.

« Build yourself a pre-processed data cube r‘.
- Additional data sets (including feature data), ESA CCI, Copernicus Services,

etC [ F ~2 . ;é'w i;ti-'-’:f

- Additional algorithms ,
g Earth in a Box

e FU I Iy Cu Sto m |Za b I e The Earth System Data Lab (ESDL) is a

multi-variate data set of essential Earth System

° Pyth O n eCO Syste m variables on a common grid and sharing a

common data model.

SCIENTIFIC BACKGROUND |  LEARN ABOUT U
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Rapid access/queryable database capabilities \Qk CeSd

« World’s fastest time series database

Powerful
Query Language

. . . . Ext
. Streaming, real-time and historical data in A

one platform

« Map Reduce, Lambda and Time-Series

functions built-in In-memory,

: Flexible
-+ In-memory compute engine for Complex g e Integration
Event Processing % ‘t,
« Extreme Compression - Proprietary, gZip,
Snappy Etc Sensor & Real-time &
« Multi-core / Multi-processor / Multi-thread EBET DA Azl D

D

1= 5= SE mm 1wl European Space Agency

/ Multi-server

— 01 hu c= ™= 4 I = = T" §1 11 —




External developments to build on 10T Sensors/ &&;esa
Al [ il New Data brocessing

@ . Blockchain
Re-usable | @ 0 Belbisry

Launchers 4 lechnology
NEY
Investors . | . /

leading capabilities in Europe

New Computing

Visualization
technologies
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Harnessing Al {sesa
@
JHHHR
SearChing Natural Revesei Image Labe"ing
Language | . Recognition | °

Controlling | Onboard Data Integrating
Autonomy - Fusion
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Al developments we are investigating

Application domains:

« Feature detection/identification/characterization

» Process/Pattern detection/recognition/characterization (direct and hybrid)
* Super-resolution processing

« Statistical downscaling and blending (direct and integrating physical models)
* Dynamic time series modelling

« Automated data quality anomaly detection/recognition/characterization
Technical domains:

« Improving parameterizations

« Replacing physical sub-models with ML data driven model

« Analysis of model-observation mismatch

« Constraining sub-models

- Emulation



Al # magic happens

« Step change in feature detection was
based on dogs and cats — EO is multi-
scale, multi-channel image with highly
variable signature visibility

« Al based approaches absolutely critical:

- Data volume so large, Al is the only
viable analysis approach

« Significant emerging capabilities in
feature recognition, super-resolution,
correlation extraction etc

« Al only as good as the training data

« Algorithms for more complex analyses
remain under-developed
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Examples | {:sesa

&2
HOME PROFI
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Opening up opportUMityMoRENFOPEANESIVES a;‘:ﬂ

Artificial Intelligence Revenue, Top 10 Use Cases, World Markets: 2025

Global Geospatial Analytics Market

Contract analysis

U S $ 7 2 ] 2 1 B n by 20 20 Object detection and classification - I
- 3X increase in 5 years ‘ s |
Research and Markets, 2016 ::m:"g’ff:m:
Global revenue from direct & ot e e —
indirect application of Al __ —
U S $ 3 6 - 8 B n by 2 0 2 5 ' Efficient, scalable processing of patient data
CAG R Of 5 6 g 8 0/ (0] \ Static image mcog;iﬂc::, classification, and —
(Tractica ) B o — P
improvement I ——

$-  $500 $1,000 $1,500 $2,000 $2,500 $3,000
{$ Millions)

“"Over 2000 EO smallsats |
expected by 2026” B T




No easy answers, no magic solutions

ENTHUSIASM

— 01 b

- 411

M

- 0 11 T == o o vl

dtesa

Science & Applications & Services

ESA EO-Geohazards Forum,

Santorini EC Supersites
Funds

ERS-2 Three-Day

EC GMES Geohazards Service GEO ng';:f:';:: ™ Envisat Drit
Project
— e » ERS/Envisat Tandem 2
Terrafirma Service Validation eek

Wi -’
IGOS Geohazards ERS/Envisat Tandem 1

rt

Re
GSE Temafirma Landslides User &

Services
First Commercial A

Services IGOS Geohazards

Theme
e SeTr:/i::‘(: ESA Geohazards
Bureau

Permanent Scatterers
InSAR Quick-Look Processor
< ESA InSAR User Tools

Envisat INSAR Mission Requirements
ERS Tandem Mission Plan

. o InSAR User Catalogue
o "Orbit Baseline Maintena?’nce
First ERS Interferogram

DUE Landslides
Projects
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Emerging Opportunity

NO
POVERTY

GENDER
EQUALITY

13 fenov

CLEAN WATER
AND SANITATION

1 0 REDUCED
INEQUALITIES
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THE GLOBAL GOALS

For Sustainable Development

QUALITY
EDUCATION

]

GOOD JOBS AND
ECONOMIC GROWTH

PEAD[ AND
JUSTICE
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Example responses — changing attitudes to statistics &&iesa

KNOWLEDGE-BASED INPUT FEATURES

Below: CNN based methodology for
poverty mapping
Right: expansion of EO based agri-

statistics for Polish national statistical

office

CONVOLUTIONAL PRINCIPAL
LSMS / DHS Reference
~ NEURAL NETWORK COMPONENT (10 x 10 Km)
(CNN) ANALYSIS (PCA) ;
- o v
S2-based PIS NightLights

EMPIRICAL

EEATIRE NON-LINEAR
INTEGRATION
REGRESSION

16120 16130 16140 16.150  16.160  16.170 _ 16.180  16.190 _ 16200 _ 16.210 _ 16.220
g

Legend

Wielkopolskie_klasyfikacja_IGiK_2018
[ bobik
burak_cukrowy
[ cebula_zwyczajna
[ facelia_blekitna
[ gorczyca_biala
[ groch_siewny

[ gryka

[ jeczmien_jary

[ jeczmien_ozimy
[ koniczyna_czerwona
[ kukurydza

[ lubin

Il lucerna

[ ostropest_plamisty
owies

[ porzeczka

[ pszenica_jara

[ pszenica_ozima
[ pszenzyto_jare
[ pszenzyto_ozime
I rzepak_jary

[ rzepak_ozimy

[ seradela_uprawna
[ soczewica_jadalna
B szkolki

B Tuz

[ ugor

I ziemniak
[ zyto_jare
[ zyto_ozime

e —— — S— e
16.140 16.150 16.160 16.170 16.180 16.190 16.200 16.210 16.220

\ {
s N

Poverty lMap
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Embedding EO/geodata
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Putting it all together {zesa

World leading
industrial competence
in Europe

Dynamic University/
Innovation Cluster
Interactions

Sustainable
» low-carbon
economies
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Collaboration Opportunities with ESA

« Proposal to ESA Ministerial Council in November 2019 covering:
 AI4EO (dedicated developments)
« Resilient Societies and SDGs
 Enhanced Regional Collaboration (Baltic, Atlantic , Black Sea/Danube etc)
* Prototype HAP/EO methodologies
« Permanently Open Call for Proposals - try out new ideas quickly

- Additional domains of potential relevance:

» Close cooperation with EC DG Research on Grand Challenges
« Close cooperation with International Development Banks
« Structured cooperation with AI bodies

« And finally - we come to your meetings, please come to ours:
Phi-week

Big Data from Space

Monitoring Urban Areas from Space

Living Planet Symposium

-@Ssa
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