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The AI Revolution
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Why Now? Perfect Storm feeding on Big Data \\\W @S3
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Compute X

- Driven by Moore’s Law
- Big + High Speed

- Small, Cheap, Scalable
- Parallel

- Fault Tolerant

- Low Power, Edge
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TensorFlow

O PyTorch | s

docker Caffe A

Algos

MATLAB
SIMULINK
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OpenCV

- Open

- Framework

. Z00 of Algos

. Pre-trained libraries
. Tutorial MOOC
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Computer Vision - DL & Classification Q\&ﬁ‘“iesa

QUTPUT
LABELED
PHOTOS
Source: https://becominghuman.ai/building-an-image-classifier-using-deep-learning-in-python-totally-from-a-beginners-perspective-be8dbaf22dd8 5
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Computer Vision - DL & Classification &&‘gesa

(LABELED
PHOTOS

Source: https://becominghuman.ai/building-an-image-classifier-using-deep-learning-in-python-totally-from-a-beginners-perspective-be8dbaf22dd8 6
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Deep Learning Fine Grain Classification g\\\‘“&iesa

CAT Type 1

QUTPUT
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} CAT Birman
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CAT Type 2

Source: https://forums.fast.ai/ Birman vs. Ragdoll kitten 7
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https://forums.fast.ai/

What's in a Black Box?

y?

« Trust issue preventing wider adoption? Fooling Al

« Black or Grey Box? AIx Explainability? Physics-aware Al
« Service Robustness ? Reliability ?

« Blas In Bias Out? Representativeness? Outlier?

« Difficulty of Benchmarking

« Still .. emergence of self-driving cars

Info: Deep troubles for Deep Learning, Nature, 2019 https://go.nature.com/33klOur
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The Rise of AIAEO
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0 Stack to query our planet
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Al = New Paradigm for Computing
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Al TURBO-CHARGING EO s
PREDICTION &\;‘ esa

Al accelerates
CLASSIFICATION T|me tO InSIth
for EO

3 — m RS
Al can help

learning the
S underlying

Structure of
data

PARAMETERIZATION

ON BOARD
AUTONOMY

) -
PROCESS
AUTOMATION @

O O

DATA SCIENCE W
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A tensor view
of the data
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Deep Learning for EO image segmentation \\\W

Feature Detection
Classification
Crops

. OIl Palm

. Ships

Data Cube

A suite of algos/architectures to mine ALL available

information —-> Space * Time * Spectral
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Infrastructure Monitoring in Desert Regions (Collaboration ESA / EU SatCen) \\\&\; CcSda

Challenge: Mapping & monitoring of infrastructure in desert areas

« Deserts = extensive areas of inhospitable terrain

- Drift sand = often buries infrastructure Workflow: Deep Lea”“ng
« Expensive & time consuming using ground based techniques = need for EO with Sentinel-1 on Cloud
3255 3270 - 32.85 ) N

; , Environment:

. P Lt LY : , s P - Sentinel-1 on Creodias,

30.65 0 . s ,.‘T: ....................................... .., “lagape 7 u el w s py & AP § _ '7 e e X -4 - 30.65 _ Virtual Machine with GPUs (ESA
“ : = 2 Z e Sonal e R N Advanced Concepts Team)

Pre-processing of Sentinel-1:

o9, coherence,

terrain correction,

multiteporal speckle filtering.
Training data:

- Open Street Map

Deep Learning:

- U-Net

Results:

updated vectors to improve OSM

update SatCen database

32.55 32.70 | | 32,85

SAR average coherence and extracted vectors overlain on Sentinel-2. Area: North Sinai Desert. >
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Big Data Analytics: Al + EO (Sentinels) + Knowledge ---> Indicators

W. A
f..
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Al identified relevant
. changes (health

structure)
' e sl -,'»‘..'."

# grounded planes

(lock down Hong Kong Airport)

» Parking (Conventional) +25%
» Parking (Un-conventional) +300%

# land use change

% of oil storage
* 4+ ha Vegetation ->

Experimental product on

Buildings (Wuhan, Mar- tank filling % based on
Apr 2020) physical model of S-1
backscatter
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WFP

Transfer Learning:
Identifying crop type mapping in Malaw

pre-trained

Nowakowski et al. 2020
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Arctic Sea Ice Charting \

80m x 80m radar HH, HV

Classification of Sea Ice concentration
: - 100

Technique
being developed

- 80

U-Net Convolutional
Neural Network

*1* segmentation

Concentration [%]

comv 3x3, RelU
copy and crop
max pool 2x2

Equivalent hand produced sea ice concentration
map from the Danish Meterological Institute

- 100

Current :
practice *g
S
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Enhancing Spatial Resolution

SRGAN, Ledig et al, arXiv:1609.04802

0=

I

bi-cubic Original
AI4EO Challenge Kelvin platform, DeepSUM, Super-res: https://bit.ly/2kNR8Sr*" = " e W e
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"Seeing through the clouds” challenge n @“

CSa

February March April May

Run a challenge on
reconstruction of Sentinel-2
Images behind clouds
based on time series of
Sentinel-1

and Sentinel-2 images

Sentinel-1

Sentinel-2

Prediction

A.Nowakowski, A. Sebastianelli, E. Puglisi, J. Mifdal
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Al for Emulation: Sentinel 5-P TROPOMI &\zsesa

Collaborator: Edward Malina (EOP-SMA) le12 Example emulated S5-P TROPOMI spectra

- = Neural Network

Project aim: Replace costly RTMs within —— LINTRAN RTM

the current S5-P Methane retrieval scheme

with an AI-based emulator 20

=
U

lance

Figure: Example of emulated Sentinel 5-P:
TROPOMI Top-of-Atmosphere (TOA)
Radiance spectra in the SWIR bands.

Rad
=
o

Black line: Original LINTRAN Radiative 0.5
Transfer Model (RTM)

Red line: Emulated spectra using a Neural ,,

Network 2320 2340 2360 2380

Wavelength [nm]
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{cesa

Infrastructures, tools,
Al-ready data sets &
New Business Models




DTE App Store {zesa

DATA PREPARATION MODEL TRAINING/TESTING AI4EQ APP STORE DEPLOYMENT
GPU COMPUTING INFERENCE

© ESA/®-lab

N- / s / 4
TRAINING
DATA

ACTIVE LEARNING
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EO annotated data sets VHR Annotation - PointEO
S-2 Annotation - Query Planet

Classification App

‘Welcome mbatic

Location: Beja, Tunisia Active classifier: Water-body — Wrong clas!

Latitude: 36.622
Longitude: 9.367 Lo 2; "' -« Q Q Clear
Date: 2017-02-03

Automatically detected water

@} SENTINEL Hub

AHMED HEFNAWY

0000202

N\ + 19504 350 W

Urban Annotation - Game.EO

o " 1 5 ]

Do you see a slum? Do you see a slum? o .

Do you see a slum?
Do you see a slum?

et (O

| r i INETS B

LEVEL 2 LEVEL 2 LEVEL] LEVEL 3 LEVEL'2 LEVEL 3 LEVEL 2 LEVEL'] LEVEL ] LEVEL 3
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Open Al tools

Label Maker

devseed.com/label-maker Classification app

apps.sentinel-hub.com/classificationApp

Classification App

forest —

0
0
50
50
farmiand
100 100
150 150
grass
200
200
250
250 0 100 200
0 S0 100 150 200 250 background

Conversion tool for
OpenStreetMap and other
vector data to ML labels

Crowd-sourced label
collection
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eo-learn-1o

A eo-learn

& eo-learn

Search docs

Introduction

Installation

Overview of eclearn.core
EO Tasks

Examples

Package content

Contributing to eo-learn

& Read the Docs

Docs » Introduction () Edit on GitHub

pypi package 0.8.0 | build 'passing W downloads 31k J downloads/month | 1k J docker pulls 136

Introduction

eo-learn makes extraction of valuable information from satellite imagery easy.

The availability of open Earth observation (EQ) data through the Copernicus and Landsat programs represents an
unprecedented resource for many EO applications, ranging from ocean and land use and land cover monitoring, disaster
control, emergency services and humanitarian relief. Given the large amount of high spatial resolution data at high revisit
frequency, techniques able to automatically extract complex patterns in such spatio-temporal data are needed.

eo-learn is a collection of open source Python packages that have been developed to seamlessly access and process spatio-
temporal image sequences acquired by any satellite fleet in a timely and automatic manner. eo-learn is easy to use, it's
design modular, and encourages collaboration - sharing and reusing of specific tasks in a typical EO-value-extraction
workflows, such as cloud masking, image co-registration, feature extraction, classification, etc. Everyone is free to use any
of the available tasks and is encouraged to improve the, develop new ones and share them with the rest of the community.

eo-learn makes extraction of valuable information from satellite imagery as easy as defining a sequence of operations to be
performed on satellite imagery. Image below illustrates a processing chain that maps water in satellite imagery by

9 9 § FWOQREBEORSEYmDOH P ]

17/11/2020

eo-learn-
geometry

eo- learn-features

[ ]
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Open SAR toolkit & ARD

Open SAR Toolkit

« Aims to help non-SAR experts make most out of SAR
data (e.g. AI community)
« prototype activity on advanced Analysis-Ready-Data
formats for Sentinel-1
« Basic ARDs.:
« Radiometrically normalised backscatter
« Interferometric Coherence
« Timescans (i.e. Multi-temporal metrics)
 Large-scale mosaics

source: https://qgithub.com/ESA-PhiLab/OpenSarToolkit
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Al @ edge

The value of satellite-based EO no longer grows with
the ability to collect and transmit data back to Earth,
it increasingly lies with the ability to transmit
customer-relevant insight in real-time.

Peter Platzer,
Spire, ®-week 2019
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CD-satél

Training on Ground
(S5-2 mimicking)
Cloud detection

Inference in Space

ESA UNCLASSIFIED — For Official Use
= I M F R T === Nl = ===®"3_k | =4 '+ Z 8 European Space Agency



Hardware

This project is technology driven:

Visual Processing Unit (VPU)
Myriad-2

Hardware accelerator for Convolution Neural
Networks (CNNs)

R Truck 15.93%, C Truck 22

= / } £ i . "; ——
1@ Fast: 1 TOPS ey = B
? i, '\__’ ,f g

@) Lowpower: O( 1 Watt) SIS M

ﬁl Tiny
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Concluding Remarks
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AT TURBO-CHARGING EO (s

PREDICTION &&3—: e S a

Al accelerates
CLASSIFICATION T|me tO InSIth
for Copernicus

ON BOARD
AUTONOMY

O
I
PROCESS / N BIG DATA
AUTOMATION o S E @% ANALYTICS

Al can help
learning the

N o underlying
Structure of

data

PARAMETERIZATION

DATA SCIENCE W
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