INTRODUCTION TO
SAR REMOTE SENSING
Theory and applications

Issaak Parcharidis, Prof.
Harokopio University of Athens, c/o ESA/ESRIN
parchar@hua.gr



About TARGETS

The implementation of remote sensing techniques is a function of
what needs to be observed. For instance, the orbit parameters are
related o monitoring requirements. So, the Earth can be observed
at different scales.

about SENSORS

In remote sensing, the device used to acquire data i.e. to measure
the radiation arriving to the satellite instrument, is usually
referred to as a “sensor”.

about INFORMATION TO KNOWLEDGE

In remote sensing, it is very important to understand the data
provided by sensors in order to interpret them properly.



Introduction to Radar satellites

Today, satellites are very common platforms used in remote sensing; they
carry a great diversity of sensors, often specialised to observe specifically
the weather, landscapes or natural disasters, vegetation; some are even
capable of "seeing” through clouds or acquiring imagery at night.



General remote sensing principles
Sensors : Optical, Thermal and Microwave
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Passive system




Active system



The geostationary orbit is quasi circular at 36000km altitude. One
period lasts 24h, hence the satellite moves at the same angular speed
as the Earth. The satellite seems fixed with respect to an observer
on ground.



Polar orbit




Sensors : Microwave
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RADAR Concept

A radar transmits electromagnetic waves in form of pulses and records the
echoes scattered back by objects encountered by the waves along their path.

The echoes are a modified version of the transmitted pulse. Depending on the
object scattering back the pulses, the echoes recorded by the radar are different
(more or less energy, particular phase value etc.).

Radar can always acquire, i.e. it does not suffer from cloud cover, fog and day-
night cycle
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Satellite Orbits

Sun synchronous orbits at about 785 km allow

orbit direction

Ascending Orbit Right

Looking directions

Descending Orbit  Right Looking directions

orhit direction

systematic revisiting times with different viewing

geometries (descending & ascending modes)



SAR Basics

Imaging radar is an active sensor that alternatively sends
out microwaves in form of pulses and records the echoes
scattered back by objects hit by the waves along their
traveling path.

The objects are also commonly referred to as targets or
scatfterers.



RADAR Concept

Imagine you are in the Grand Canyon and you shout. The cliffs will reflect the
sound wave. After some time you will hear an echo, which is not exactly the
same compared to what you shouted. This is the “principle” of a RADAR!
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Synthetic Aperture Radar - SAR

EElactive = independent of sun illumination
HElmicrowave = penetrates clouds and (partially) canopy, soil, snow
wavelengths: X-band: 3 cm
C-band: 6cm

L-band: 24 cm
Ellcoherent = interferometry, speckle

Il polarization can be exploited

Elspatial resolution: space-borne: 5m-100m (TerraSAR-X: =1 m)
air-borne: >0.2 m

I| Characteristics of SAR Images _
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Motivation for Earth Observation with SAR

Il Complementary information to optical sensors

Il Scattering at different wavelengths, polarisations,...

Radar image
(Space Shuttle Endeavour)

ke

EllIndependent of weather C ish

Il /maging also with clouds, rain, ...

P 4

HEllIndependent of daylight
Il /maging during night, polar winter, ...

| Infraréd Image
(Space Shuttle Columbia)

EElNew generation of products

Il £/evation models, deformation...

SAREDU‘

Eﬂc;ig:rl‘:i;mtive 2 3 3 ;
\ SAR-EDU> Module 2300: SAR Polarimetry > 2013-12-20 15
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SAR Systems — Carrier Frequencies
SAR sensors uses the microwave portion of the electromagnetic spectrum, from a
frequency of 0.3 GHz to 300 GHz, or in wavelength terms, from 1 m to 1 mm.

Band Frequency Wavelength
VHF 30-300 MHz 10-1 m
P-band 280-390 MHz 107-77 cm
UHF 300 MHz — 1GHz 100-30 cm

Airborne SAR systems
Red background: Airborne & Spaceborne SAR systems

Spaceborne SAR need high frequency to see through the lonosphere "~
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Microwave Frequency and Wavelength Bands

band frequency wavelength typical application

Jo A=c/fy
Ka 27-40 GHz 1.1-0.8 cm airport surveillance
K 18 -27 GHz 1.7-1.1 cm little used (H,O absorption)
Ku 12-18 GHz 24-1.7 cm satellite altimetry
X 8—-12 GHz 3.8—-24 cm SAR, marine radar, weather radar
C 4-8 GHz 7.5-3.8 cm SAR, weather radar
S 2-4 GHz 15-7.5 cm long-range weather radar
L 1-2 GHz 30-15 cm SAR, traffic control
P 0.3—-1 GHz 100-30 cm experimental SAR

Tab.1: © TUM
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Main satellites carrying SAR sensors

ENVISAT ASAR was a spaceborne SAR operated by the European
Space Agency (ESA).

ERS-1 and ERS-2 SAR were also operated by ESA. The two
satellites have been in operation since 1991 and 1995 respectively.

SENTINEL 1 A & B (ESA, Copernicus program)

RADARSAT-1 and 2 are spaceborne SAR operated by the Canadian
Space Agency (CSA).

ALOS-PALSAR 2 is a SAR L- band operated by the Japanese
Space Agency

COSMOS SKY_MED is a X band operated by Italian Space Agency
for civil protection purposes.

TERRASAR-X is a X band operated by DLR
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SAR Image Examples

—— azimuth

Sensor: ERS-1

Mojave Desert
CA, USA

Size 40 km x 40 km

Rem ng
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Heavy Clouds and Rain Cells in X-Band SAR
Images

—> Only visible at short wavelengths and extreme conditions

D—FAF Job Number: 122983 K—SAR/MGD © DLR/DFD 1995

.

—z28d8 -Z6dE -Z24d8 -F2d8 -Z20d8 -18d8 —-16d8 -14d8 —-12d8 —-10d8 -2BdB -—-E6d8 —-4d8 -2 dB 0 dB 2 dB

Sena Madureira / Brazil

GMT: DE—OCT—1994 /18:57:46 , Data Take ID: 103.60 J/ - T
Latitude / Longitude at Image Center: S 8.75° / W B7.94°
D—FAF Froduct |D: XZ25AR94100E8185746MG0__DP 139410051407 44 HNumination Flight Direction MNarth DLR
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SAR vs OPTICAL

ERS-2 SAR detected
image of the Linate Airport
in Milan (Italy)

Optical image taken from
SPOT satellite.
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Electromagnetic Wave

An electromagnetic wave represents the temporal and spatial variations of an
electric and a magnetic field in space, characterized by its amplitude and
wavelength or frequency (i.e. phase)

An electromagnetic wave can be mathematically represented by a complex
number in the form

A . ej(ﬂ
Amplitude

Phase
where (=Distance)
A is the amplitude of the wave, _ | _ X
expressing the energy of the wave T2 T 32 T
¢ is the phase, i.e. a term related A2 A
to the wavelength, giving the path
traveled by the wave (inthe 0, 2 &
interval)

A - Microwave wavelength ,ﬂir’l 567
UNE



SAR Concept

SAR takes advantage of the Doppler history of the radar echoes generated by
the forward motion of the flying to synthesize a large antenna.

The target is viewed by the radar from the moment it enters the antenna beam
to the moment it leaves the antenna beam. During this time, it sends back a
very large number of echoes (1000-2000 per sec). Each echo is characterized
by the time required for the pulse to travel to the target and back to the radar.

This allows to synthesize the echoes together resulting to a high azimuthal
resolution despite a physically small antenna.

1 original
azimuth

) )
Processed azimuth | beamwidth
resolution

This is the concept of Synthetic Aperture Radar — SAR
SAR is not an object, it is a way to treat RADAR echoes!
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2-D Raw Data Matrix
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2-D Raw Data Matrix

]| I| Characteristics of SAR Images _
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2-D Raw Data Matrix
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2-D Raw Data Matrix
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2-D Raw Data Matrix
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2-D Raw Data Matrix
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echo signal matrix
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2-D Raw Data Matrix
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2-D Raw Data Matrix
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2-D Raw Data Matrix
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2-D Raw Data Matrix

l| I| Characteristics of SAR Images _
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RADAR Amplitude and Phase — Single Target

The signal backscattered to the RADAR is a complex quantity consisting of

Amplitude and Phase

» The amplitude of the signal depends on the scattering strength of the target

 This is related to the power scattered back toward the sensor

* The phase is primarily related to the two-way path distance (2R) between the
radar and the target

* In addition a phase offset can be introduced by the scattering. This term
depends on the specific target.

*The phase has values in the interval O - 2n

27 47
=—— 2R+ =———R+
@ P @ P Q

scatter scatter




RADAR Amplitude and Phase — Distributed Targets

Let us now consider the case of several targets in a resolution cell (e.g. trees,
buildings, poles etc.)

If a resolution cell contains few up to several hundredths targets, the signal
received results from the coherence (=complex) sum of the contributions from
the individual targets

Resolution Element s

e
The amplitude is related to scattering strength of the scatterers but also their
mutual position. In this way signals tend to sum up or cancel out.

The phase of each target is deterministic (distance to the radar) but becomes
random in the 2r interval because the coherent sum of the individual targets

This effect is called speckle (= salt and pepper)



RADAR Scattering

Surface Roughness:
Backscattering increases with
roughness

Incidence Angle
(Topography) :
Viewing geometry affects the signal

Dielectric Constant

(Moisture content) : LY [l
Backscattering increases with Difuse - ““specular Corner

moisture reflector reflector reflector
Incident
\Direcnon Scattering of a planar
Backscatter - surface for different
™, \Direction / \ P T roughnesses
VN Pk " FV RN

Scatteri e.for slope angle / >
t
BCCRS/CCT BCCREICCT BLCCRS I CCT
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Speckle “Noise”

v
<
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4nAr;

J
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Fig.: © DLR Dcarr = AL zAie

EERandom positive and negative interference of wave contributions from
the many individual scatterers within one resolution cell
Hl\Varying brightness from pixel to pixel even for constant ¢,
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Speckle

Images obtained from
coherent sensors such
as SAR system are
characterized by
speckle.

This is a spatially
random multiplicative
noise due to coherent
superposition of multiple
backscatter sources
within a SAR resolution
element.

In other words, speckle
is a statistical fluctuation
associated with the
radar reflectivity
(brightness) of each
pixel in the image of a
scene.
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SAR Resolution

Since SAR is an active system, the actual sensor resolution has two dimensions,
range resolution and azimuth resolution. The SAR Resolution Cell dimension
(SRC) in azimuth is not equal to the corresponding slant range.

Resolution of a SAR sensor should not be confused with pixel spacing (step)
which results from sampling done by the SAR image processor.

The terrain is imaged in each SRC depends on local topography and is called

Ground Resolution Cell (GRC). For side-looking radars resolution is loosely defined

as the minimum distance at which the radar can
discriminate between two closely spaced scatterers
with responses of approximately equal strength (M.
Engdahl)

— ,.-." ~ R :)lllliuh Digital Humber
b T ] Amplitude {separation _,..| I.-_ Resolution

— Piwel spacing

Resolution
{impulse width) ’

LE R c Pixels

Resolution differs from pixel
size, which is related to how
densely the scene reflectivity
has been sampled.




SAR Resolution

The general trend of the aerospace industry is towards SAR sensors featuring
an ever increasing spatial resolution and shorter temporal sampling

RADARSAT-2 Fine Beam (3m) ERS-2 SAR (20m)

Towards a better spatial and temporal resolution



Frequency vs. SAR Penetration

Depending on the frequency waves can penetrate into the vegetation and, on dry
conditions, to some extent, into the soil (for instance dry snow or sand).

Generally, the longer the wavelength, the stronger the penetration into the target is.

AN N\

vegetation

d 'y SOi I ..:‘: .................. - o .....
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glacier ice
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Scattering Mechanisms in Forests

2 4
1 3 5
d
1: direct single scatter 3: direct ground reflection 5: attentuation of ground scatter
2: multiple bounce 4: double bounce trunk - ground by canopy
SAEEh Fig.: © DLR
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Frequency Comparison: Vegetated Area
LandesForest, France

C-Band (5.7 cm) L-Band (24 cm) P-Band (68 cm)




Vegetation Scattering L-band
Polarization Comparison
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RAR Imaging Geometry

radar . .
I Radar transmits pulses and receives echoes

Vsic .#~ at the rate of the pulse repetition frequency:
PRF = 1000 - 4000 Hz

range: radar principle =
scanning at speed of light

azimuth: scanningin flight direction
at I/,
plus aperture synthesis
(holography)

/ IR ._ coherent imaging: complex-valued pixels
contain amplitude (brightness)
and phase information

Fig.: © DLR
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Slant vs. Ground Range Geometry

SAR
J

] .
Lock
Angle

Slant range

This is the natural radar geometry in
which an image is acquired.

|
[
|
I
|
|
|
il
|
|
|
|
|
I
|
|
|

Ground range A_‘“s.am Range
Image
This is the true geometry of the image X c'\:
1/ I
7% ' 7.
|-<— Ground Range Image —h-|
Images in slant range will appear “compressed” in the range direction
, / S I
,’/ /;II”I' g
Y sy / =
A5/ R VANE R viSE
_///lll L / /
YA LAV AT LV AT AT A Ground Range Far Range
G A AT D T Bk
Lo g

LA TPTRLELTS I Ground Range Slant Range

i,ii,ﬁ,i,i,"{,i,i,/ Image Image




Slant vs. Ground Range Geometry

Transformation of an image from slant to ground range geometry is based on
trigonometry.

Knowledge of the platform height, H, and incidence angle allows correction of

slant-range geometry, where targets in near range appear compressed with
respect to those in far range.

Slant range geometry

Slant
range image

Seg |ay
ellipsoly




Radar remote sensing principles

Geophysical characteristics and back-scattering

RADAR remote sensing is a technique that provides information
on the physical characteristics of the earth's surface, mainly:

smooth
surface

/4

+ Surface Roughness:
Back-scattering
increases with roughness

- Moisture content :
Back-scattering
increases with moisture

- Topography :
Viewing geometry
affects the signal

Harokopio University of Athens
Department of Geography

Dringe Team



Geometric Distortions
Minor differences in elevation can cause considerable relief induced
range distortions.

Foreshortening alters the distance of two regions in areas with slopes
Layover occurs when multiple regions are at the same slant range
Shadow occurs because of occlusion by terrain

3 3

.;“n. Mage i dhdag 3“ )

T e N e o Mees,
’ié%% b5t ; W,

Layover Shadowing

Layover is an extreme case of foreshortening,
where the slope is bigger than the radar look
angle (0).

Layover and shadow lead to missing data in regions with steep sloped terrain.




Influence of topography

Problems of:
+ Shadows

+ Foreshortening
+ Layover

(extreme case of foreshortening,

topography is inverted)

v

Use of DEM
to correct |

Shadow

Image '
brightness— I TR

\
Smaller |

= foreshortening
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Geometry of SAR Images - Shadow

radar shadow
- Steep slopes oriented away from / Fig.: © DLR

the SAR return no signal

—— azimuth -- -3

5
>
o)
™
SRTM/X-SAR
0 =54 deg
! i '. : . ’ : : - 3 .- e 7 - ; & : .I STM DLR .’
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Example of Layover

Line-Of-Sight (LOS) ——2 KMlE

Radar Pulses

Lugano, Switzerland, and the Monte San Salvatore



© C. Stewart
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© C. Stewart

SAREDU ‘
Femote Sensing
Education Intiative
\ 57



SAR SLC imagery

Believe it or not this is an area in
the Netherlands!!

The images appear stretched because
the pixel size in range (20 m) is 5 times
bigger than in azimuth (4 m)




Now you know can see how this area
in the Netherlands looks like!!

Because of the 1:5 ratio between pixel sizes, a
multi-look factor of 1x5 has been applied. The
result are squared pixels with 20m x 20m pixel size
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Current and old Civil Spaceborne SARs

satellite

ERS-1

ERS-2
Radarsat-1
ENVISAT
ALOS

Cosmo
TerraSAR-X
& TanDEM-X
Radarsat-2
ALOS-2

Sentinel-1

SAREDU ‘
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owner

ESA
ESA
Canada
ESA
Japan
Italy

Germany

Canada

Japan

ESA

band

C
C
C
C

resolution

25m

25m

10 m-100 m
25m-1km

10 m -100 m
ca.1lm-16m

Im-16m

3Sm-100m
Sm-100 m

5m-50m

look angle
23°

23°

20°- 59°
15°- 40°
35°-41°

15°- 60°

15°- 59°
8°-70°

20°-46°

swath

100 km
100 km
50 - 500 km

100 - 400 km

70 - 360 km

10 - 100 km

10 - 500 km
25 —-350 km

20 - 400 km

lifetime

1991-2000
1995-2012
1995-2013
2002-2012
2006-2011
2007-
2007/2010-

2007-
2014-

2014-

60
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History of SAR missions

ChI‘IS Stewal‘t, RSAC C/O ESA European Space Agency



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




(s,
dcesa

This SAR image is
of the Kuskokwim
River delta,
Western Alaska.
It was taken by
Seasat on July
13, 1978. The
patterns are

formed by river
water flowing
around sand bars.
The pock-marked
land is covered by
small permafrost
lakes.

Eurapean Space Agency




Shuttle Orbital Altitudes

Shuttle Orbital Inclination
Mission Length

Radar Frequency

Radar Wavelength
System Bandwidth

Range Resolution
LFC-MPESS Azimuth Resolution
Swath Width

ERBS —| L. .
GAS (2) - | ¥ : i
OSTA-3 | st Antenna Dimensions
GAS (2) R S S Antenna Look Angle

Polarization

Transmitted Pulse Length

Minimum peak power

ground)

Data recorder bit rate (on the

360, 257, 224 km

57 degrees

8.3 days

1.275 GHz (L-band)

23.5cm

12 MHz

58to 16 m

20 to 30 m (4-look)

20 to 40 km

10.7mx2.16 m

15 to 65 degrees from vertical

HH

30.4 microseconds

1.12 kW

30.4 Mbits/s






"I SAR Antenna

Wind Scatterumeter\\ i X'I
Antennae = \\‘\\ I i

ATSRE-Microwave Sounder
ATSE-Infra-red
Radiometer

Laser Retro-reflector

== +C-band
Moderate Swath & Resolutlon
. *Single Polarisation (VV)
*Successful Operations
*Excellent Data Quality
*Application Development
Emerging Market
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Instrument : Orbit :

L Band (1.2 GHz) Repeat Period : 44 days

Polarization : HH Local crossing time : 10:45

Central Incidence : 35°
Ground resolution : 18 m (3 looks)

Swath Width: 75 km(offset from Nadir: 400km)




SIR-C/X-SAR

(Endeavour
shuttle, 1994)

Instrument :

L Band (1.25 GHz)
C Band (5.3 GHz)
Polarisation : Fully
Polarimetric

Incidence : 20° - 55°

X Band (9 GHz)
Polarisation : VV
Incidence : 20° - 55°




Tibet seen by SIR-C/X-
SAR). The various
colors assigned to the
radar frequencies and
polarizations are to
map the distribution of
different rock types.

European Space Agency




ERS-2 1995-2011

- % Same SAR as ERS-1
' - Continuity of Data Supply | : (i ,
/ Sl Tandem Operation
s Importance of Temporal Dimension \J
LR Funding Issues for (Pre-) Operational Missions N R

e T RO S
- < B > 2 X -~ Y v

European Space Agency



RADARSAT-1, Canada CSA ;.

d:esa

SATELLITE
= VELOCITY VECTOR

SATELLITE
9 GROUND TRACK

" 798 km

il 1 .‘.___-._
Extended -



RADARSAT-1 Ice
Monitoring

RADARSAT provides
routine surveillance of the
entire Arctic region.

This helps track sea ice
distribution, identify
various types of ice, and
produce daily ice charts.

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




Shuttle Radar Topographic

\=CSa
Mission SRTM (2000 ©

Main Antenna

The Shuttle
Radar

Attitude and Orbit Topography

Determination Avionics Mission (SRTM)
obtained

elevation data
for a high-
resolution
digital
topographic

P | N -
N Mast database of
e / Earth.
H ."t-dlq
Canister N SRTM flew
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T, Space Shuttle
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e, during an 11-
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Overview Introduction Range Imaging Synthetic Aperture Advanced SAR Modes SAR Satellites Characteristics of SAR Images

ASAR antenna Fig.: © ESA

ENVISAT

: -:-‘“_ b _"'": el - . .'..-.-E 7 : : A :_'--_-" : --—- - 3'-’ ==
Spatial resolution of approximately 30 m (for precision product).
Image Mode (IM) VV or HH polarisation from any of 7 selectable swaths. Swath width approx. 56-100km.

Spatial resolution of approximately 30 m (for precision product).
HH/VV, HH/HV, or VV/VH polarisation pairs. Two co-registered images per acquisition, from any of 7 selectable
swaths.

. Spatial resolution of approximately 150 m by 150 m
Wide Swath Mode (WS) 400 km by 400 km wide swath image. VV or HH polarisation.

Global Monitoring Mode Spatial resolution of approximately 1000 m by 1000 m. Up to a full orbit of coverage.
(GM) HH or VV polarisation.

Small imagette (dimensions range between 10 km by 5 km to 5km by 5km), esp. for ocean monitoring. May be
Wave Mode (WV) positioned anywhere in an Image Mode swath.
HH or VV polarisation may be chosen.

Alternating Polarisation
Mode (AP)



ENVISAT / ASAR (ESA
—2002)

Launch: ASAR-Antenna
28.02.02 (ca. 10 m x 1.33 m)

European Space Agency
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Overview l| Introduction Range Imaging

SAR Satellites

]| Characteristics of SAR Images _

ENVISAT — ASAR: Elba (IT)

Multitemporal
compilation of three
Envisat radar images
acquired on 29-11-2008,
7-2- 2009 and 21-8-2010.

SAREDU ‘
‘ Remntz Sensing
Education Intiative

Envisat © ESA
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ALOS

EEALOS-Satellite: three remote-sensing instruments

HEPRISM:
3 High-resolution(monochrome) images (also for DEMs)

EEAVNIR-2:
Multi-band(color) images, cigpability of pointing

EENPALSAR: S failey
Cloud-free, Day-and-Night radar sensor 2'5-2011,

Major Specifications of PALSAR
Observation Mode High Resolution | SCANSAR

Frequency L-band (1.27GHz)
. HH,VV,HH&HYV,
Polarization VV&VH HH,VV
Spatial Resolution 10m 100m
Number of Looks 2 8
Swath Width 70km 250x350km
Figures: ©JAXA
Off-nadir Angle 10 - 51 deg

SAREDU.\ NEsigma0 Approx. -23dB




Overview l‘ Introduction l| Range Imaging l‘ Synthetic Aperture l‘ Advanced SAR Modes I

SAR Satellites

|| Characteristics of SAR Images _

ALOS - PALSAR

500m Browse Mosaic of South America
(FBS/HH Ascending)

for cycle40 (Dec. 16, 2010 ~ Jan. 30, 2011)
—> Forest / biomass mapping

From: http://www.eorc.jaxa.jp/ALOS/en/img_up/mosaic_500_c40.htm

SAREDU ‘
‘ Remntz Sensing
Education Intiative

© JAXA, METI Analyzed by JAXA

80



RADARSAT-2 Quad

Polarisation

The colour composite of a Radarsat-2
polarimetric radar image acquired over the
Flevoland test site in the Netherlands on 4
April 2009. The different colours reflect
the type and condition of the land cover.
Field boundaries are clearly visible in this
area, which is mostly agricultural. The dark

areas correspond to water surrounding
this area of reclaimed land, the very bright
areas to urban settlements and the
pink/blue area to middle-left is a nature
reserve.

European Space Agency




COSMO-SkyMed (ASI

2007)

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

With 4 satellites
» At equator 4 images per day

COSMO-SkyMed

» 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 '

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

European Space Agency
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TerraSAR-X Satelli’

]| I| Characteristics of SAR Images _

Overview Introduction Range Imaging I‘ Synthetic Aperture ]‘ Advanced SAR Modes ]‘ SAR Satellites

Active array SAR antenna

HEl 384 sub-arrays

Il 150 MHz bandwidth (300 MHz)
Ellright looking

Il >100 elevation beams

EllSatellite

HEl514 km altitude

Bl 11 days repeat orbit
300 W average power
HEl320 Gbit memory

o

(600 s of stripmap data) {8 B ScanSAR
EEmRollable to left looking B> 100 azimuth beams
Il Spotlight

Elltransmit and receivein Hor V
Il Dual polarization

Ellcxperimental dual receive
antenna & redundant receiver

300 MBit/s downlink EEQuad polarization

\ R GMTI
SAREDU Fig.: © DLR
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TerraSAR-X at Farnborough
Airshow

Farnbnrnugh,HGraat Britain - Air Show “I‘H.foterra

e 11 EADYS Wakshum smrany

TerraSAR-X
HighResolution Spotlight
Acquisition

Location of Scene;

for DINAZ prrong
Map Projeciion
Universal Transvarse Mercasar
Eiigmcas B4

Zorw 30N

s e
- Teraa SAI;'-‘EM‘JK_:__

@ Inicterra GmoH 2010

turopean Space Agency




Tandem-X (2010)
Etha
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TerraSAR-X Image Examples

Dubai Deve

© TefraSARXQ DLR

SAREDU ‘
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Education Intiative
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SAR Application Example Mappmg

R
=

. Il1.a.

ENVISAT / ASAR IM 2 Oberpfaffenhofen 100 km x 100 km;
25 m resolution (© ESA)
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Examples of applications
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Ice Monitoring



Collision of B-15A iceberg with
Drygalski ice tongue

Ross Sea

B-1

5A lcebe
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Envisat ASAR mosaic
Mid-August 2008

Chukchi
Sea

Beaufort
Sea




ENVISAT ASAR
03 July 2009
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Marine Applications



ENVISAT/ASAR Ship Detection

Strait of Gibraltar
7 January 2007
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New
Orleans

22 June 2010

\ \\\l\k

d:zesa

The Louisiana Oil
Spill disaster

from space
(Fnvigat AQAR\”.

OIL SPILL

European Space Agency
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Floods

European Space Agency



SAR Flood
Monitorinc

Envisat was activated 370 times
for the Charter on
Space and Major Disasters

Recent Envisat ASAR activation :

Emt:;izncy Disaster type  Date Authorized User

Nigeria Flood 29-Aug-11 National Emergency Management Agency (NEMA)

Flood/
Landslide

Cambodia Flood 12-Oct-11 UNITAR/UNOSAT on behalf of UN OCHA
New Zealand Oil Spill 12-Oct-11 USGS
Thailand Flood 17-Oct-11 Asia Disaster Reduction Centre (ADRC)
Vietham Flood 17-Oct-11 Asia Disaster Reduction Centre (ADRC)
El Salvador Flood 19-Oct-11 UNITAR/UNOSAT on behalf of UN OCHA
Chile Volcano 27-Oct-11 SIFEM (Sistema Federal co Emergencias)
Ghana Flood 28-Oct-11 UNOOSA
Philippines Flood 19-Dec-11 Asia Disaster Reduction Center (ADRC)
Brazil Flood 07-Jan-12 Ministry of Defense from Brazil
Flood 13-Feb-12 CcoGIC
Flood 21-Feb-12 SIFEM

Japan 04-Sep-11 JAXA on behalf of Cabinet Office JAPAN

Algeria Flood 26-Feb-12 Algerian Space Agency
Madagascar Flood 01-Mar-12 COgGIC
Ecuador Flood 09-Mar-12 USGS on behalf of SNGR/Ecuador

(s,
@cesa

L

 Thailand floods



Flooding in Honduras. Charter

activated 27th Oct 2008

FLOOD WATERS IN CORTES DEPARTMENT
HONDURAS

PLOGD ANALYSIS WITH ENVISAT-ASAR RADAR DATA RECORDED ON 70 SEFTEMBER & 25 OCTOBER 2008

S

=

Heavy Rainfall 25 october
& Flooding 20 ctoker 2008

@ @ Version 1.0/
ke L 2064.000 1R AXD

Map produced in less than 3 hours
after activation
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SAR Flood

(RS lcesa
Monitoring -

S S
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TerraSAR-X data (3m resolution) used in
Charter Call



Evros-GREECE!/ Flood, 12/4/2015

26°200°E 26'300°E 26°

26'100°E

Looation Diagram
voeation Biagram Production Date: 13/422015

41°500N

ara0oN

Tukey
300N

! Cartographic Information

0 5 10 20 Kilometers

N
Coordinate System: GCS WGS 1984
WGS 1984

41°200°N Units: Degree

Legend

Crisis Information Settiements

. e (] oot
a1 0 v Pt s

: . -
Administrative Boundarios
(Location Diagram) M
Irtermaticrssl Boun danes. arae O,
Orerrcan
ek e

argrnl

Data Sources

40°S0UN trowthlap contributors, GooMames (eabracted on JNI01S)
i e
‘." HAROKOPIO
UNIVERSITY

Department of Geography

Evros-GREECE/ Flood, 24/4/2015

26100 26200 26300 26'S00E

4TSN
Production Date: 25/4/201

1 o

WeULGARIA

a1°a00N:

41300 Ty
Cartographic Information
0 5 10 20 Kilometers
420N N
Goordinate System: GCS WGS 1084
Datum: WGS 1984
Unis: Degree
Legend
41100 Grisis Information Settoments
: [ Jreestre e e
I 0 oo s P
(Rz0na ooty i
Administrative Boundaries
(Location Diagram) Roass
iy — g O
[—

arooni

Gone ourdarns

A0°EON:

407 400N

European Space Agency



SAR applications for disaster management: s

volcano monitoring \\» eSa

ERS SAR image data acquired during The breathing of Etna

the period 1992-2000 have been
used to reconstruct the
deformations, in the direction
towards the satellite, of the Volcano
Mount Etna.

Inflation and deflation episodes are
visualised by changes in colour
scale.

Work carried out for the Project ESA
context Cat-1 n. 1127

PI: Paul Lundgren JPL,USA
Col: Riccardo Lanari CNR, Napoli

0 range displacement 14 am

2001

European Space Agency
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Earthquakes
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Doghaleh Fariman, NE Iran
earthquake, Mwé.1, 5 April 2017. Two
co-seismic wrapped interferometric
maps were created using ascending
(24/3/2017 - 5/4/2017) and
descending (25/3/2017 - 6/4/2017)
Sentinel 1 SAR scenes. The s/w for
processing was SNAP.

Both deformation maps show negative
values of phase indicating movement
towards the satellite, case that means
it is a block pushed up. The lobe of
the fringes (in tfotal 4-5 fringes),
taken in consideration the above
information, coincides with the
hanging wall of the reverse fault.

European Space Agency




SAR Support for
Earthquake Damage

— P — S I ' TR, -

Caruljyuake management at Port-au-Prince, Haiti § S

Eralichng damags,

13 January 2010 e o
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Subsidence Measurement
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The future of ESA’s Terrafirma project ( ),
a Pan-European ground motion hazard information service.

In the framework of GMES
Terrafirma, the German space
agency (DLR) produce a
ground motion map covering a
65,000 km? area.

[mm/year]


http://www.terrafirma.eu.com/

(LS
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NEa Knopioia
-9,5 +1,0
mm/yr

Foumelis, Michael. "Human
induced groundwater level
declination and physical rebound
in northern Athens Basin (Greece)
observed by multi-reference
DINSAR techniques™ Géoséience
b THES . 4 and Remote Sensing Symposium
20 298 (IGARSS), 2012 IEEE
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ASAR provides
co_r_rtit_ruity

'

Average annual motion rate (mm/yr)
. 5 and more

0

— -5and mare

==




\\

(N

d=esa

Topography Applications
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Topography

Amplitude image .....

TerraSAR-X image,
Courtesy of DLR

European Space Agency



Topography

.... coherence image .....

TerraSAR-X image,
Courtesy of DLR

European Space Agency



Topography

. SAR interferogram ...

TerraSAR-X image,
Courtesy of DLR

European Space Agency



Topography

- DEM generation

TerraSAR-X image,
Courtesy of DLR

European Space Agency
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Mass movement-landslides
Two main tools based on earth
observation data are used to estimate
ground surface movements both using
SAR products the first one concerns
SAR Interferometry based on phase and
amplitude and the second one is offset
tracking using amplitude-based method.

Google Earth
Offset tracking to map mass movements
of earthquake-triggered landslides
(Umbria EQ). The method is based on
cross-correlation on a preselected high

nhumber of GCPs (Ground Control Points) in
B 1 the two scenes after their coregistration.

N 13226'00.93" E elev 962 m: eyealt 3.87 km




f two SAR

ions o

inat

b

image com

temporal SAR i

i

Mult

~
O
e
N’
7 0]
b
=
b
.
7

s |

e S Neocherion

e

T

HEE e
>4 e

(}FE-; 3

BN

i1

iy :;i:l

Messolonghi Lag,




Hieronymus van Aken (Bosch), (1450
- 1516)



http://el.wikipedia.org/wiki/1450
http://el.wikipedia.org/wiki/1516

