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. L
A Over 50 years of experience \&\:‘" CeSd

A 22 Member States
A Eight sites/facilities in Europe, about 2200 staff
A 5.6 billion Euro budget (  2018)

A Over 80 satellites designed and operated in flight

Navigation® =
14.0%, 782.6 M€

= Prodex
Space Transportation® i} 1.2%, 65.4 MC

12.8%, 1,110.7 MC

. Scientific Programme
9.2%, 518.2 M€

B€: Billion Euro
Mée: Million Euro

. Basic Activities
4.2%, 2372 M€

Budget 2018
‘includes programmes 560 B€
implemented for other

institutional partners T Asscciated with General Budget

3.9%, 218.4 ME

——————————J Human Spaceflight, Micro. And
Expl

13.1%, 731.9 Me
Earth Observation®

26.0%, 14558 Mc I

B Telecom & Integrated Applications”
4.9%, 275.0 M€

European Cocperating /| A | Technology Suppor®
States Agreements \ 3.2%, 177.9 MC
0.1%, 5.9 M€

B Space Situational Awareness

0.4%, 22.9 MC Slide 2
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® EARTH
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ESA-DEVELOPED {cesa
EARTH OBSERVATION MISSIONS Satellites

2015 25 under
e e P 2020 develo pment

i Sentinel-1A ¢ s . .
o J e e e g =
= 25 o s > wasugdd N Operation
- Proba-V 4 Con fy : RS
052 < Sentinel-18

0OCE CryoSat = 4 : atingizl Sentinel-28 Sentine N‘%

:\ L dwarm y & Y MetOp
@ MIG-I

2010

Meteorology

Slide 4




magnetic field
(external & internal)

ground motion
(earthquake/volcano/landslide)

aerosol o
properties b greenhouse colour
P gases ice sheets /

~ glaciers sea ice shelves
2z - land cover
lakes & = _#ik - fire
: : ocean
rivers ol
& geoid currents
. sea - Py
- pollution 2 R EEEAR
leafarea & SNOW sea salinity .
index & R
air quality '
water = wind speed biomass ~IBot g
vapour * & direction
marine habitat{ . ,/% soil
: P
properties a i moisture
- - -~ - s@a state
temperature i
(sea & land) g wave

i cloud speed &

air-pressure : . e
P deforestation properties g2013 direction

— 01 b= ==

- 411

/L — + I L

[« ] |

ESA provides
EO mission
data
addressing
almost all
parameters
retrievable

by EO satellites

C Extreme
user diversity
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Copernicus i anew Phase in EO {cesa

European Earth Observation
System, led by the EU

FULL, FREE AND OPEN ‘7j':\.-

? ACCESS TO DATA

European response to
global needs:

(%' ATMOSPHERE MONITORING
MARINE ENVIRONMENT MONITORING
@E LAND MONITORING
CLIMATE CHANGE

A to manage the environment

A to mitigate the effects of climate
change

A to ensure civil security

@\ EMERGENCY MANAGEMENT

V. SECURITY

European independence, p :
contribution to global system OpEe?:NyCLeJé
(GEOSS)

Slide 6
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CSC: Sentinel Satellites

" Sentinel 1 (A/B/C/D) All weather, day/night applications,

SAR Imaging interferometry

E Sentinel 2  (A/B/C/D) Land applications: urban,
e { Multispectral Imaging Continuity of Landsat, SPOT

Sentinel 3 (A/B/C/D) Wide -swath ocean colour, vegetation, sea/land
- Ocean & Global Land Monitoring surface temperature, altimetry

Sentinel4  (A/B) Atmospheric composition monitoring, pollution;
Geostationary Atmospheric instrument on MTG satellites

W Sentinel 5 (A/B/C) & Precursor Atmospheric composition monitoring;
W Low - Orbit Atmospheric instrument on MetOp - SG satellites

@ Sentinel 6 _ o
g Jason CS (A/B) Altimetry reference mission }

Slide 7
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Contributing Missions

Optical High & Very High
Resolution

DMC Pléiades RapidEye

Deimos -2 SPOT (HRS)
‘h..)‘_

Synthetic Aperture Radar

Cosmo TerraSAR  -X
SkyMed Radarsat — Tandem -X

D=
D
/)
Q

Optical Medium &
Low Resolution

VSPOT ERO;BA_:V and many

| —

Altimetry Atmosphere

Cryosat Jason \Y[3(®]) MSG

Slide 8
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Sentinel Status

S-1

3 Apr. 2014

25 Apr. 2016

2022/23

> 2022/23

—_— 1 b

S-

(.
High Res.
Optical

23 Jun. 2015
6 Mar. 2017

2022/23

> 2022/23

mE o e g

Medium Res.
Optical &
Altimetry

16 Feb. 2016

25 Apr. 2018

—
= = 1111 O
== = —

L s S =
Atmospheric Atmospheric
Chemistry Chemistry

(LEO) (LEO)

A A

Atmospheric
Chemistry
(GEO)

A
2021

B B
2027 2027

~ C

> 2027

= == N 01 T 2= S L

Altimetry

A
2020
B
2025
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{cesa

Copernicus Space Component Evolution

Next -Gen. missions
will replace current &
expansion missions

Current Sentinels

Sentinel Next
Generation

Sentinel Expansion

Copernicus for Security

Slide 10
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Copernicus Sentinel Data Policy

.

Sentinel data are available:
V Free, Full and Open*
V Over very long term
V Systematically, Operationally
* ESA Sentinel Data Policy (Sep 2013) and  EU DelegatedJAct

Copernicus Data and Information Policy (Dec 2013)

Il — — X = B Il T2 25 o I+ European Space Agency
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. , A Copernicus - Data and
DIAS T Creating an

EO Data Ecosystem | nformation Access

Services

A Common DG«-GROW- ESA
approach to EO data
exploitation with
Copernicus at its core

A Create & enable European
EO Data ecosystem for

| research & business

1, A Starts in June 2018

- 11 = == = I+l European Space Agency
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Earth Observation with SAR
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Reminders: = £
- The electromagnetic  spectrum g g
- All weather Ym0
) i 1018 A-REYS
- day and night (active system) o o
- SAR geometry . L
. - Ultraviolet
- Intensity and Phase (Complex): i 500 am
. 100 nm
- Coherent signal s e G
: Phase information o] T L 000 o
- Band (X, C, L, P) O L s
- Polarisation (VV, VH, HH, HV) s
Farl £ 1000 pm
101_] +1mm
Microwaves [~ 1cm
. 10" Radar
Synthetic Aperture Radar (SAR) < L e
108 _
—1m
10° _{Radio, TV
— 10m
107 _|
— 100 m
106 _| AM
— 1000 m
= Il b c2 == 4 I == = T 11l — O = == B2 11 T 22 E2 Long-waves




s,

{cesa
Introduction
Why SAR

Single channel SAR

Multi temporal SAR
Polarimetry

Interferometry
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s,

R

Introduction g&&\f eSda

SAR extends vision from the 'normal’ visible light to invisible
light using waves invisible to the human eye

Not unique to SAR
X-rays

Slide 16
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dcesa
Wis =
Introduction (cont.) s

Infra -red
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Introduction (cont.)

Ultra -sound




A
{zesa

=

Single channel SAR

0 S\Vlflérbant
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Multi temporal SAR
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(s

Multi wavelength SAR {zesa

The three -frequency false -colour SAR image was recorded on April 18, 1994 and was made with L -
band total power in the red channel, C -band total power in the green channel, and X -band VV
polarization in the blue channel

+

7
— 0 bz - == "Il D =

1 = =2 B8 &8 I+| European Space Agency



Polarimetry

o Lelystad

Lelystad-iHaven . i
ok F 4
3 7 “
o~ ° .'~ "
ks,
3 s 28 ’ ; S
%' ‘ ’ ';\\f.; -\

N »
-
S 2
S =
5 N
: -
> .?, “ " ’,§
o < B . ) .

Harderwijkigy

&l

" &Zeewolde
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(s,
Interferometry ﬁf eSa

Observation with two eyes
3D vision
Distance estimation
Looking more than once
Detect changes
Detect movements
Same with SAR
Two or more SARS
Reuvisiting the same site

Surface elevation, classification and subsiden

Slide 23
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hquakes

Interferometry (cont

SAR sees ea




:esa
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The Golden Age of SAR

e

I-I [/ I;‘:-':

Mission

SEASAT

SIRA

SIRB

ERS & ER2
JERSL
SIRC/XSAR
RADARSAT & -2
SRTM
ASAREnNvisat
PALSAR/ALASE -2
COSMeskyMed
TerraSAK

RISAR &-1
TandemX
SentinellA & B
SAOCOM 1A
PlusmanyairbornecampaignX !

r O

X/C

(@)

X/C

O X X X X 0O

X
—
D

Launct
197¢€

1981

1984

1991 & 199!
1997

1994

1995 & 200.
200C

200z

2002 & 201
2007

2007

2009 & 201
201C
2014& 201¢
201¢€




SEASAT the First Civilian Spaceborne SAR 1978

Orbit Parameters

Altitude:805 km  circular
Inclination:108  degrees

Repeat Period :100 min (14 orbits a
day)

Spacecraft _Statistics

Weight :2,290 kg

Length :12.2m

Diameter : 1.5m max.
SAR antenna : 2.1 x 10.7m

Instrument :

L Band (23 cm -1.27Ghz)
Polarization : HH

Central Incidence : 20 °

Ground resolution : 25 m (4 looks)
Swath Width : 100 km

Slide 27
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SEASAT \s CSd

5.+ This SAR image
"L |is of the
| Kuskokwim River
delta, Western
Alaska. It was
taken by Seasat
<3 on July 13,
2> 1978. The
=8 patterns are
+ formed by river
water flowing
around sand
| bars. The pock -
{ marked land is
covered by small
1 permafrost
| lakes.

R L
: . (;

R g o

v -. ..,v% &

TN

. .d . Y
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SIR-A 1981

SIR-A

L-band

i Polarisation

M‘{J HH
_~ Look Angle
470

Pixel size
140 x40 m

Data recorded
onto an optical
medium (film)

Slide 29
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SIR-A sees Bedrock in Egypt




SIR-B 1984

ShuttleOrbital Altitudes 360, 257, 224 km

Shuttle Orbital Inclination 57 degrees

Mission Length 8.3days

Radar Frequency 1.275GHZ-band)

Radar Wavelength 23.5cm

System Bandwidth 12 MHz

Range Resolution 58 t0 16 m

Azimuth Resolution 20 to 30 m (400k)
— 48 7 Swath Width 20 to 40 km

GAS (2) ! Antenna Dimensions 10.7mx 2.16 m

08TA-3
GAS (2) Bt Antenna Look Angle 15 to 65 degrees from vertici

LFC-MPESS

Polarization HH

Transmitted Pulse Length 30.4microseconds

Minimum peak power 1.12 kW

Data recorder bit rate (on the
ground) 30.4Mbits/s

— 0 he E= ™ I W= T Il D D e BN BN E2 K2 EE I



SIR-B Radar Image of Mount Shasta

AL 1011 Y

N £

Slide 32

European Space Agency



ERS-1 (ESA 1991 -2000)

. If.; SAR Antenna
wind Scatterumeter\\ i l_;
Antennae \_\\ Qe

ATSR-Microwaye Sounder
ATSE-Infra-red
Radiometer

Radar Altimeter gl I‘n‘?" } '":f;-:
-2-25 .8 ¥
el 8

Laser Retro-reflector

WY AC-band
¥ = MAoderate Swath &
=== Resolution
SR /Single Polarisation (VV)
. ASuccessful Operations
A xcellent Data Quality
A\pplication Development

AEmerging Market
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The ERS-1
SAR scene
below Is
from the
Strait of
Gibraltar,
and was
acquired
on 22:39
UTC on
July 30,
1993.
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JERS-1 (NASDA, Japan 1992)

L Band(1.2 GHz) RepeafPeriod: 44days

Polarization HH Local crossingtiime : 10:45

pa

Central Incidence : 35
Groundresolution: 18 m (3 looks)
Swath Width: 75 km(offsetfrom Nadir: 400km)
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J-ERS-1 Kalimantan Sulawesi

A T AR
3,\#;.”_.' 4

SRy
A R
e G
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Shuttle Imaging Radar Missions
(JPL USA 1981 -2000)

""" i SIR-C/X-SAR
(Endeavour
_‘ shuttle , 1994)

: Instrument

L Band(1.25 GH3
C Band (5.3 GHz)
Polarisation Fully
Polarimetric
Incidence 20° -55°

X Band (9 GHz)
Polarisation VV
Incidence 20° -55°
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SIR-C/X-SAR

.. |Ibet seen by SIR -
Se%e C/X-SAR). The

AP £ 7 _ > : ~Waf @ various colors

T | TR TN e MmN iR #) assigned to the radar
%xw FAVY, " ' P frequencies and

)

s M T e R = polarizations are to
— A . . . .
' . g% map the distribution
o of different rock

types.
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ERS-2 1995 -2011

—_— 1 b

- g W

Same SAR as ERS -1
Continuity of Data Supply

Tandem Operation

Importance of Temporal Dimension

Funding Issues for (Pre  -) Operational Mission

v 'V-"Y .’or_\‘. ’. oy g
-~ =

. WA
e AR

Ol = == | s
> — EEE Tl
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ERS-2 SAR Interferometry

The image
shows a
sample of
ERS-2 SAR
Interferome

try
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{:esa
RADARSAT-1, Canada CSA 1995 S

r.i#"'- -_:i| -| |

S = | OIC WA I I'l

4

g

SATELLITE
— GROUND TRACK

798 km

. -
Extended

L o

lﬁ"
. T a1
- - ﬂ"“-w“","
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o we
RADARSAT-1 Ice Monitoring {=esa

RADARSAT provides
routine surveillance of
the entire Arctic region.

This helps track seaice
distribution, identify

various types of ice, and
produce dalily ice charts.

The information is used
for planning safe
shipping routes and
supply operations for
offshore exploration
platforms or ocean
research stations.
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Shuttle Radar Topographic Mission 2000

Main Antenna #
A

Attitude and Orbit
Determination Avionics

Canister
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Outboard Antenna =————— /;"

il
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s acn

The Shuttle
Radar
Topography
Mission (SRTM)
obtained
elevation data
for a high -
resolution digital
topographic
database of
Earth.

SRTM flew
onboard the
Space Shuttle
Endeavour
duringan 11 -
day mission in
February of
2000.
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SRTM 3D Processed Data & eSa
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s,
RADARSAT-2 (Canada 2001) {cesa

SUB-SATELLITE
GROUND TRACK

- Extendead

Hight
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RADARSAT-2 Quad Polarisation

RADARSAT-2 Quad Pol image of Devon Island in the Canadian Arctic
Archipelago (image credit: MDA)
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ENVISAT / ASAR (ESA 2002) @ cSd

ASAR-Antenna

» (ca. 10 m x 1.33 m)
ENVISAT

Launch:
28.02.02

Slide 47
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ENVISAT / ASAR (ESA 2002)

C band (5.3 GHz )

Flight
direction

Wave
VV or HH
Alternating <10-m resolution

polarization ‘(53:205) s
r A Wide swath Image M orVELor Tl WV 10 % 5 km
o 30-m resolution )
N VV or HH VV or HH (PRI'GEC) v|gnettes
150-m resolution =30-m resolution Up to 100-k th
Global monitoring 405-km swath width (PRI-GEC) 1 ALE

VV or HH 5
1000-m resolution Upioat 00y SWATh

405-km swath width
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ASAR Envisat Wind Mapping
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\=CSa
With ERS -1, ERS -2, Envisat ASAR, ESA has been constantly supporting the SAR

Interferometry (INSAR) communities for over two decades  with:

¢ the provision of INSAR data , through:
1 the development and operations of SAR satellites (ERS-1, ERS -2, Envisat)
1 a precise satellite orbital maintenance including INSAR tandem
campaigns (ERS-1/ERS -2 tandem, ERS -2/Envisat tandem)
i the development of a large and consistent INSAR data archive

1 a constant effort in facilitating the use of SAR data
¢ the development of INSAR science and INSAR applications ,

¢ bringing together the INSAR communities through Fringe & Living Planet
workshops
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PALSAR on ALOS -1 (NASDA 2002)

L Band (1.25 GHz)
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PALSAR Measurement Geometry

. x Faeg
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ALOS differential intel
on L'Aquila earthquake

surface displacement be
2008-07-03 and 2009-05-2'"§

ALOS differential interferog%
on L'Aquila earthquake

a
3

Gis
surface displacement betwem%y
200-03-02 and 2009-04-22 554

bperp =464m
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COSMO-SkyMed (ASI 2007) {cesa

First generation
* Four COSMO-SkyMed X band satellites

Integration with other missions
* Two SAOCOM L-band satellites

Second Generation

» COSMO-SkyMed second generation being
developed by ASI and ltalian Ministry
of Defense (launching by 2014), will guarantee
innovation and continuity with the current system

+ 400 MHz chirp bandwidth
* Tm resolution from 25° to 59° incidence angle
* Image size 10 x 10 km @ 1m resolution

COSMO-SkyMed

With 4 satellites
» At equator 4 images per day
» At 40° latitude, every 7 hours (average) With 4 satellites up to 1800 images per day

Daily scenario example:

An image will be made available 24 to 48 hours » 300 Spotlight-2 = 30,000 km? at 1m resolution
after the request has been approved And F

* 1,500 Stripmap = 2,400,000 km? at 3m resolution

Slide 54
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COSMO-SkyMed (ASI 2007)

"\

Flight Direction

\

Swath

mm <X ST
SN - i

Hugeregion Wideregion Himage Pingpong Mode-2
Resolution - Multi Look 100 m 30 m 5 m 20 m
single Look 30 m 16 m 3m 15 m 1m
Swath 200 km 100 km 40 kmi 30 km 10x10 km
Strip Length 2000 km 2000 km 2000 km 2000 km
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COSMO-SkyMed & San Francisco




ACQUISIZIONE
10 GIUGNO 2017
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