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B IPEO course - Welcome, 9 September 2025

Welcome to the image
processing for Earth
Observation course

= First of all, some introductions are in order.
= | am Devis, | come from Ticino, | run the ECEO lab in Sion

= With me, the hosts for the semester will be

A

Emanuele Robin Valérie
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We will talk about images
that look like that

w
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We will talk about images
that look like that

“KET PREPARES TO TAKE OFF - 05/29/2020
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We will talk about images
that look like that
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The IPEO course

. Aim: introduce the students to general concepts of remote
sensing image processing

- No satellite design nor missions planning

. We focus on optical remote sensing of the Earth by satellites

— Remote sensing of other planets => have a look at Space Minor courses

— Remote sensing active (radar and SAR) => A. Berne - Remote sensing Bachelor course

— Remote sensing from aerial platforms => photogrammetry course

o]
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The IPEO course
learning objectives

. At the end of this course you will know about

— Remote sensing systems & existing spaceborne platforms
— List main applications using Earth observation data
— Know current limitations & foreseen developments of spaceborne EO

— Design a remote sensing workflow to get a geospatial product
(e.g. aland cover map)

— Use image processing & machine learning to extract relevant information

D. Tuia. ECEO ~
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The IPEO course
rough table of contents

1. Intro on imaging sensors & python programming

2. Information extraction
» Vegetation indices
» Spatial context and indices

3. Image classification with machine learning
* Feature - then - classify approaches
* Deep learning

Week-by-week schedule on moodle!

D. Tuia. ECEO ™
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IPEO administration

» Elective master course

» Environmental sciences and engineering master
« Civil and environmental doctoral program

» Space technology minor

» Urban planning and territorial development minor

"
|\ 4

= Digital humanities
= EDCE
= Electricity
Civil eng.
= Mechanical Eng.
m Computer science
m Computational science
m Microtechnics
= NeuroX
m Data science

= Environmental engineering

©
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IPEO administration

» 4 credits ECTS
» 4h / week,

+1-2h of work from home
~50% lectures
~50% exercises and project (Python-based)

= Room: INF3 (here)

—
o
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You and satellite
images

&»&

A. | know how to navigate on
Google Maps

B. | know there are different
sSensors

C. | know where to find the
images | need

D. | have worked with satellite
images in QGIS

E. |have worked with satellite
images in Python

URL.: ttpoll.eu
Session ID: ipeo23
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URL.: ttpoll.eu
Session ID: ipeo23

A. We have never met
before

B. |canread and
understand existing
code

C. |can script when
starting from existing
code

D. |candevelop




=L You and Pytorch ¢ pyTorch

URL.: ttpoll.eu
Session ID: ipeo23

A. We have never met
before

B. l|canreadand
understand existing code

C. |can script when starting
from existing code

D. |candevelop
E. |candevelopin CUDA
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IPEO evaluation

= 1 written evaluation, with theoretical questions and short calculation
exercises

* 50% of the grade, exam on 28.11.2025

= 1 project to be provided at the end of the semester, composed of a
final report (10 pages) and appendix (code, etc)

* 50% of the grade

—
N
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IPEQ logistics
moodie

— http://moodle.epfl.ch
— Course: “Image Processing for Earth observation” (ENV-540)
— Inscription code: empty enrollment key
— On moodle:
— Schedule
— Lecture slides
— Exercises
— References & readings
— News and communications

— Slack channel: ipeo-2024.slack.com (invitation link on moodle)

Y
[4)]
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What we do

= We provide starting concepts in the lectures
= We provide help in the computer room when you are severely blocked
= We provide (detailed) explanations for understanding

= We provide the solution of the expected model one week after

_
o2}
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What we do not do

you are /1. So:
= We do not answer questions if you haven'’t even tried
= We are not there to give the solution away, we're helping you to find it

= [f we are busy with your colleagues, interact with your neighbours
(they might have a solution for you)

= \We do not accept any kind of disrespect or harassment in the
classroom

—_
~
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References

- This course has been strongly inspired by:

The course “Imagery of Territory” by D. Tuia, © EPFL, 2012-2014
The course “Remote Sensing of the Earth by Satellites by M. Borgeaud, © EPFL, 2009

- Remote sensing image processing (M&C)

Camps-Valls, Tuia, Gomez-Chova, Jimenez, Malo

available at: http://www.morganclaypool.com/

- Précis de télédétection, Vol 4 (presses du Québec)

Caloz and Collet

En francgais!

PRECIS
DE
TELEDETECTION

—
[o0]
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What is Earth
observation?

Defining Earth observation today

The EO system (and what we cover
in IPEO)

Welcome, 9 September 2025

m |PEO course -
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A bit of history

1858: First aerial image by Gasper Felix Tournachon “Nadar”

N
o
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1902-1914: Aerial images by The Bavarian Pigeon Corps
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Other animals not buried at Iiford but which have receive«
the Dickin medal include GI Joe, a pigeon which prevented
troops in an Italian village from becoming victims of 'friendly

fir

A bit of history

1902-1914: Aerial images by The Bavarian Pigeon Corps

In pictures: World's hero pets

Nr. 192864

Elosso 498

SOHWEIZERISCHE BIDG@ENOSSENSCHAFT

EIDGEN. AMT FUR

PATENTSCHRIFT

Verbffentticht am 1, Dozerber 1937

GEISTIGES EIGENTUM

Gesuch eingercicht: 3. Februar 1936, 18 Uhr. -— Patent eingetragen: 15. September 1937,
HAUPTPATENT
Christion Adrion MICHEL, Waldo (Aargau, Schweiz).

mit mit
Objektiy, insbesondore far Brieftauben.

Ausl¥sung versehenom

Die vorliegende Erfindung betrifet cinon
Photographicapparat mit, schwenkbarem, mit
colbattatiger Auslosung vorsebonem Objektiv,
der Snsbesondero fur Brieftaaben bestimat
ist. Dieser Dhotograpbicopperat unterschai-
det sich von beknnlen shalicken Apparaten
Qureh zwei Federwerks, von denea das ersto
Mittel zur Rinatollung dor Zeit, nach wl-
cher das Objoktiv susgesohweokt weedea soll,
aufoveist und zur Ingasgsetsung vad sum
Anbalten des zweiten Federworkes diont,
welches mit dem Objektiy in Antriobsver-
binduog stoht und dessen Aasschwookuag,
Auslosung und Ruckfobrang ia dio Rubo-
lage bewickt. Das zweite Fedorwerk woist
zadem Mitfol anf, welcho don Film rwischon
zwel sufeinandecfolgeaden Belichtungen wm
Bildlinge vormactischaltco, Ein Auwslt

Fig. 4 ist cin Quorschnitt durch dem
Appacat;

Fig. 5 ist oin Langssohnitt nach der Linia
VX B,

Fig. 6 zelgt cinon Gebsusedeckel, wel-
Gher dos Trieborke anch auden sbechlinst

TFig. 7 ist cin Querschaitt durch eine
zweite Ausfihrangsform oinor dio Objekiv-
achse mit dem Antriebswerk verbindenden
Sehleppkappluog;

Fig. § uad 9 sind Eiszelhoiton dor lotz-
teren;
‘Fig. 10 und 11 2eigon oine Ausfuhrangs-
form 7or Einstellang dor Spannuag der daa
Objektiv in seine Ruhestellung zurtekiuh-
mulen Foder;

12 zeigt in groferem MaBstabo dio

Aaeldnug des Trickwerkes innorbalb dey

z0wie Deteilvaricaten sind in der Zeichnuog
schematisch dargestollt.

Fig. 1 bis 3 zeigen das Tricbwock, in
arei Einzelwerks zerlegt;

Christian Adrian Michel

Fig. 13 m oin Schnm nach der Linie
pésid

— Fig. 12,
Fig. 14 i cin Sdmh mach dor Linia
XIV—XIV in Fig. 12.

Pateat Nr. 192864
2 Blaer. Nr.1

N
N
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imagery for military purpose during WWI

Aerial

1914-1918
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A bit of history

1946: First images from space using V2 rocket launched from US

1- MEXICO
2- GULF OF CALIFORNIA

ROCKET FIRED AT WHITE SANDS PROVING GROUND, JULY 26,1948

AREA SHOWN APPROXIMATELY §00,000 SQ.MILES

3- LORDSBURG, NEW MEXICO 6- SAN CARLOS RESERVOIR 9- SAN MATEO MTS.

5- GILA RIVER 8- BLACK RANGE 11- MT. TAYLOR

DISTANCE FROM CAMERA TO HORIZON-700 MILES
DISTANCE ALONG HORIZON-2700 MILES

12- ALBUQUERQUE, NEW MEXICO
4 PELONCILLO MTS. 7- MOGOLLON MTS. 10- MAGADALENA MTS. 13- SANDIA MTS.

- VALLE GRANDE MTS.
RIO GRANDE
- SANGRE DE CRISTO RANGE

7>

INSTRUMENTATION AN PHOTOGRAPHY BY APPLIED PHYSICS LABORATORY OF
THE JONNS NOPKINS UNIVERSITY FOR THE BUREAU OF ORDNANCE. U.S.NAYY

N
s
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A bit of history

1960: military, 2000s commercial

N
[}
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The place of Earth observation
In the... near solar system







Orbital Altitudes of many significant satellites of earth

MEO Zone HEO Zone >
(Medium Earth Orbit) (High Earth Orbit)

< 2’000 Km
Low EARTH ORBIT

'CANALSAT
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Earth observation
past-present-future

1902-1914: Aerial images by The Bavarian Pigeon Corps

Airbus
S ‘ S IS urthecast
SYSTEMS
(et s ®
{=eSsa ner.
T e DENEE R G, S =, S SATELLQGI C lhl:kSl(yﬁlo
e B e -
=
ROCKET FIRED AT WHITE SANDS PROVING GROUND, JULY 26,1948 DISTANCE FROM CAMERA TO HORIZON-700 MILES 2
AREA SHOWN APPROXIMATELY 800,000 SQ.MILES DISTANCE ALONG HORIZON-2700 MILES i Ll u-vn' /
/
/

w
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What is Earth
observation?

A bit of history

The EO system (and what we cover
in IPEO)

Welcome, 9 September 2025

m |PEO course -
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Image processing for
Earth Observation

= For some time, people called it
remote sensing

= |[n that case, it means observing
from a distance

= So working from a PC is also
remote sensing

= |n this course, we want to focus on
one object of interest: Earth.

http://www.fas.org/irp/imint/docs/rst/Intro/Part2_1.html

w
w
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Image processing for
Earth Observation

= Here we mean observing Earth using digital
sSensors.

= We deal with electromagnetic radiation

= \We deal with satellites, aircrafts or drones

w
N
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Image processing for
Earth Observation

= We can use EO for

Monitoring and modelling the processes at the surface of Earth

Obtain quantitative measures and estimations of geo-bio-physical
variables

Identify materials

Describe and track changes

w
[}
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An interdisciplinary

field

Physics

Atmospheric
sciences

Earth
sciences

GIS

Optics

Remote
sensing

Urban
planning

Aerospace
engineering |

Computer
science

Signal

processing

Biology

Machine
learning

w
(o]
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An interdisciplinary
field

Computer

science

— . n ~ Aol

Remote Signal
sensing processing

- - o
Machine

learning

s~

Main focus
for this course

W
~
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Image processing for
Earth Observation

= EQ is relevant in a number of domains

« Geology, geomorphology (minerals identification, landslides)

« Toppography, cartography (thematic maps, landuse)

Agriculture (crops monitoring, phenology, yield estimation)
Forestry (trees mapping, height, DBH estimation)

Hydrology (detection of floods, reservoir modeling, water quality)
Cryospheric sciences (ice charting, roughness)

Planning (3D reconstructions, scenarios)

Forensics (proofs of events, 3D scene reconstruction)
Insurances (damages estimation, verification of claims)

w
(o]
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Google

Dubai Coastal Expansion, 1984-2012 Brazilian Amazon Deforestation, 1984-2012 Columbia Glacier Retreat, 1984-2011

B |PEO course - Welcome, 9 S
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Image processing for
Earth Observation

iy 2015

Settelment/metalled Road
‘Water godles
Agroforest/Forest/Horticulture
Wheat &other crops

Mustard crop

ScrubyFallow Land

Agricultural land use in Madya Pradesh

Sea surface temperature (el Nifo)

A
o
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Image processing for
Earth Observation

ROHINGYA

DRONES AND GIs ; 1 @ NPM

REFUEEE RGENCY RESPONS

Artificial intelligence and machine learning based on UAV (drone) imagery

¢Picterra

Training the artificial intelligence (A.l.) with 126 shelters

ated Oyects: 126 lapping with your travming aveas)”

Picterra A.l. platform detected automatically more than 26.000 shelters inside the 2.5km2 test area.

INTERNATIONAL ORGANIZATION FOR MIGR - JANUARY 2 19

B

D. Tuia. ECEO
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What is Earth
observation?

A bit of history
Defining Earth observation today

Welcome, 9 September 2025
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Image processing for
Earth Observation

Tacloban airport damaged by Yolanda (Photo credits: sunstar.com.ph)

> to a map of the situation

Tacloban,
Disaster Relief Planning

Hospital access
routes

i
5%

From a physical event

Source: Worldview3, Digital Globe

B IPEO course - Welcome, 9 September 2025

I
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A series of steps

Infrared Visible Ultraviolet X-ray

a8 T

Microwave
1. Energy Multispectral
source
‘\
2. Atmosphere J
4. Sensor

ofm 27 T

5., Transmission

R

D. Tuia. ECEO
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In this course we
focuson(4.),6.and .

4. Sensors.
 The different sensors: next course.

6. Analysis.
» Feature extraction: indices and spatial context, next two weeks.
 Classification/segmentation with machine and deep learning (weeks 4-9).

7. Applications.
* You personal projects, for the rest of the semester.

A
o
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=L Rough timetable.

w date Class h Exercises h Project h Tot
Welcome,
What is remote sensing Group work on
1 12.09.2025 Sensors 2 sensors 2 4
Intro
How to access images (sentinelHub, python,Vegetatio
GEE, ...) n indices on time
2 19.09.2025 Vegetation indices (1h) 2 series 2 4
Spatial support Exercise feature
3 26.09.2025 Descriptors 2 extraction 2 4
Exercise
4 03.10.2025 Classification 1: basics, accuracy 2 classification 2 Intro projects 0 4
Exercise discuss
5 10.10.2025 Classification 2: RF and SVMs 2 classification 1 projects ideas 1 4
6 17.10.2025 MLP optimizers backprop 2 Intro PyTorch 2 4
Te]
§ 7 31.10.2025 CNNs for classification 2 Exercise CNN 2 4
E CNN Model give DL project
S 8 07.11.2025 Semantic segmentation 2 Training 2 datasets 4
[J]
‘g Sequence modelling + change Semantic
(%] 9 14.11.2025 detection 2 segmentation 2 4
[e)]
G 10 21.11.2025 Q&A 1 Project 3 4
g 11 28.11.2025 Exam 3 Project 1 4
2 12 05.12.2025 | | Project 4 4
o 13 12.12.2025 T Project time 4 4
£ 14 19.12.2025 Project time 4 4
(o]
(@]
5 22 17 17 56
L
o
Hand in

15 15.01.2026 projects

I
)
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