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Remote sensing

Remote sensing is the science of acquiring information about the Earth's surface without being in contact with it.
Sensing and recording reflected or emitted energy. Processing, analyzing, and applying that information.

Main advantages

Synoptic view
Complementary to ground systems
Systematic acquisition plan
Multispectral ranges
Multitemporal datasets
Large image archives
Multidisciplinary applications
High benefits/cost ratio
Open data policy




Active and passive sensors

A special mechanical or electronic equipment capable of recording electromagnetic waves reflected or emitted from
objects points.

ACTIVE PASSIVE
Remote sensing systems which provide their own Remote sensing systems which measure energy
energy source for illumination. that is naturally available.
The sensor emits radiation which is directed toward They use solar radiation as it is reflected (or emitted)
the target to be investigated. from our planet. They depend on the sun.
They can operate in any condition of illumination. Passive sensors require much less energy, making them
They require high amount of energy to operate. cheaper to operate.

o

Optical remote sensing:
Hyperspectral
Multispectral: ultra-
violet, visible, Infrared.
Thermal

Side looking Radar
LiDAR: laser imaging
SAR, Synthetic Aperture Radar
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The higher number of operational satellite around the Earth aré between 160.
ad 2000 km of height with respect to Earth ’surﬁface | ) \ " 2

‘ -

bt

!

‘ - R

, A - ~  All these satellites’have different functions: operational services,
‘ .ﬂ ' . . ‘ [ [ . . .
_ telecommunications, civils and military services
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Electromagnetic spectrum
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An electromagnetic wave represents the temporal and

spatial variations of an electric and a magnetic field in space

e Amplitude: periodic variation over a single period

e Wavelength or frequency, i.e. phase: the distance over
which the wave's shape repeats.

@ITIN=ERIS

In the electromagnetic spectrum all the
possible radiation frequency are present.

Based on the frequency of the wave the ray
takes different name.

A - Microwave wavelength

Amplitude

/2 T 31t/2 27
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Atmospheric transmissivity @|T|N=R|S |
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Why radar remote sensing?

@ITIN=ERIS

Active system - it does not need external sources such
as the Sun light;

Radar systems acquires in every weather conditions;
Radar systems acquires night and day

Satellite radar systems illuminate the scene with fixed
or variable geometries (side-looking configurations);

Radar sensor works at the frequency of microwaves
that can penetrate through clouds, rain or fog;

Coherent system: very precise measurements of
distance variations by means of interferometry



Radar concept: an intiuitive approach

If you are on the boat anc

After some time, you will

you shout, the cliffs will ref

near an echo, (not) exactly t

ect the sound wave.

ne same of what you shouted.

@ITIN=RIS
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Radar system

®ITIN=ERIS

Radio Detection and Ranging (RADAR) is a technique based on the electromagnetic waves that
allows determining postion and velocity of fixed and moving targets with high precision

Satellite
- ¥ track

Vertical

Incident

angle

Azimuth
direction

e

oSSR
FOOTPRIN \
b - Cross track

(ground range)
direction

W

P
RESOLUTION ‘e, g, “a
ELEMENT o

"« Slant range
direction

LOS is the Line Of Sight of the satellite

SWAT is the Earth surface enlightened by the microwave beam (LOS
direction)

Azimuth range (along-track) is the direction along the trajectory of the
sensor

Ground range (across-track) is the direction perpendicular to the
Azimuth range

Slant range is the direction between the antenna and the object along

the LOS »
Incident angle is the angle between vertlealy, S '

the radar wave and the vertical
Local incident angle is the angle between

Local
incidence
angle

Incidence
angle

the radar wave and the normal

o ~
local slope "~. _

with respect to the ground




Synthetic Aperture Radar (SAR)

@ITIN=ERIS

The Synthetic Aperture Radar (SAR) is a technique in which the signal processing and the satellite
movement during the acquisition is used to improve resolution "synthetizing" a very long antenna.

platform velocity / . - |
7 platform propagation direction HSAR : hEIght of the SAR plathrm,

=0

Hgyr

{ : azimuth time
I": synthetic aperture time

T : range time

chirp pulse

r(1)

slant-range direction

Ooff : off-nadir angle

0i : local incidence angle

CT

azimuth direction
X

gound-range
direction

y

¢ : velocity of the microwave;

r(t) : slant-range distances at the azimuth time t;

R : slant-range distances at the azimuth when
theantenna is nearest to the target at the origin
of the ground coordinates (x, y)



Synthetic Aperture Radar (SAR) @ITIN=RIS

Single antenna

Syntethic antenna

The radar looks at the same area from different angles while moving through the platform’s trajectory. It is then possible to synthesize a larger antenna by properly
combining the different echoes:
- 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

- Each echo is characterized by the time required for the pulse to travel to the target and back to the radar

Svnthetic Aperture Radar: SAR is not an object: it is a way to treat radar echoes



Radar resolution image - Real Radar aperture VS Synthetic Aperture Radar @ ITINERIS

L.,=lunghezza dell’apertura sintetica
- Tempo di acquisizione

- L :
%, 5. 00 .0 g T=L./V

Lsa lunghezza antenna sintetica

7

Antenna ad apertura reale
b=A/L;

Lr= lunghezza antenna reale

Pt

Lsa Risoluzione a terra lungo

la direzione di azimut, R
L.,= D * b= DA/L;

AD
R=AD/2L,,= 2D2 /2

Lp



Radar resolution image - Real Radar aperture VS Synthetic Aperture Radar @ ITIN=RIS

azimuth azimuth

—— -

slant range
slant range

« Digwrtimsnts

Real antenna Synthetic antenna (SAR)

The antenna is about some meters and it synthetize a kilometric antenna combinin hundreds of radar eco by a
acquisitions from different positions along the radar orbit



Radar signal reflection DITIN=ERIS

* The radar sensor sends electormagnetic waves as impulse and then records the signal backscattered by
elements on the surface
e The echo is different with respect to the emitted wave based on the reflecting element.

NI% Rough surface

/MAPANATAANNAA N
Ep1 Ep1

Regular surface

<

The roughness of the surface with respect to the wavelength manage the reflection pattern

€rp ? €n1 Element 2 more humid than the element 1

AN\VZ4

Ep2 8!"

K

More humid

The dielectric constant (depending on the humidity content) of the backscattering
element manage the power of the backscattered signal



Radar signal reflection

e Reflecting elements are called targets o scatterers.
e The backscattered signal by the targets captured by the sensor gives back an images, the “radar image”
e The info into the radar image are about the reflectance of the target and the distance to the sensor

(Intensity and Amplitude, respectively)

Levels of Radar backscatter

Typical scenario

* Very high backscatter (above -5 dB)

« High backscatter (-10 dB to 0 dB)

* Moderate backscatter (-20 to -10dB) L
SOESERRMIEY ~ agricultural crops

- Low backscatter (below -20 dB)

Man-Made objects (urban)
Terrain Slopes towards radar
very rough surface

radar looking very steep

rough surface
dense vegetation (forest)

medium level of vegetation
moderately rough surfaces
smooth surface

calm water, road
very dry terrain (sand)

®ITIN=ERIS
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Radar signal reflection
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Summarizing, the reflection of the radar signal depends on several parameters of the targets and
on the mounted sensors on the satellite:

ncidence angle - loca
Frequency/wavelengt
Slope of the surface/s

Roughness of the surface
Dielectric constant of the target (e.g., depending on the humidity)

incidence angle
n of the radar signal emitted by the sensor

ope target

P.s. a single resolution cell of the radar image can contain a single dominant target (e.g., a edifice)
or more distributed targets with medium reflectivity.

In the second case, the backscattered signal received by the satellite will be a complex sum of the
signal (constructive or destructive) of the individual contributes from the several targets --> speckle



Polarization

@ITIN=RIS

* The polarization is the orientation of the

plan into the electromagnetic wave
emitted swings

» Different surfaces respond differentlyto

diverse polarizations

| Max HH
Max VH/HV Double Bounce

o

Max VV

\gh Surface
'\\X//'/ o
P —— .«.’,_:___‘/—,' w e




Radar satellite signal @ITIN=RIS

The satellites can acquire the signal with different wavelength depending on the mounted sensor,

spectral features and spatial characteristics.
g lenght (X . £ MH Satell X band C band L band
Ban Wavelenght (A, cm) | Frequency (f, z) atellites 3.1 em 5 6 cm 23 em
Ka 0.75-1.1 40,000 - 26,500
Telecomuncation satellites Vegetation
‘ 1.1-1.67 26,500 - 18,000 (Hot Bird constellation)
Ku 1.67-2.4 18,00 - 12,500

ﬁ -

Dry alluvium
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wy ' R ., -
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X B -
‘

Dry Snow and Ice

_BRUEW

S 7.5-15.0 4,000 - 2,000 NISAR

wh

\\§\\ \\\“\ RWRRRR
;& _ wwwwy

AT CRRRRR

P 30.0-100.0 1,000 - 300 BIOMASS



Tree vs wavelenght @ITIN=ERIS

What does the signal emitted by the sensor reflect in different wavelength?

X band L band P band
A=3 Ccm A=27 cm A=70cm

The reflecting portion of the tree depends on the wavelength of the radar emitted signal.
Bigger the wavelength, higher the penetration, bigger the info about the crossed material.

Austrian pine
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Number of acquisition for year - revisiting time @ ITIN=RIS |
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Radar sensors - radar ionterpheorometry

Active sensors: they don’t need of an external source of
illumination (as the Sun)

They can acquire in every weather condition

They work in the microwave range of wave frequencies that
permits to overpass the clouds, rain and fog for obtaining
information over the investigates scenario

They are coherent systems allowing very precise measures of
distance and its variations using the interferometric technique

®ITIN=ERIS



Acquisition in ascending orbit @ITIN=RIS




Acquisition in descending orbit @ITIN=RIS




Line of Sight (LoS) @ITIN=RIS

ASCENDING GEOMETRY DESCENDING GEOMETRY
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Satellite visibility @ITIN=RIS |

ASCENDING GEOMETRY DESCENDING GEOMETRY
North North

[ —

B Good visibility
[ Medium visibility
| |Low visibility

South | No visibility South




ERS1/2 coverage @lTINERIS .

()  Number of overlapping scenes >5()



ENVISAT coverage @ITIN=RIS

()  Number of overlapping scenes >5()



RADASAT-2 coverage @ITIN=RIS
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TerraSAR-X coverage
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Sentinel-1 coverage @ITIN=RIS

(yet in acquisition)



Sentinel-1 coverage @ITIN=RIS

Legenda Lt - Legenda
Track Sentinel ‘ . ‘ 2 Track Sentinel
"0 125 250 500 Srbite ascandente e . orbita discendente

R w—

(yet in acquisition)



Sentinel-1 coverage @ITINERIS

Ascending geometry Descending geometry

(yet in acquisition)



COSMO-SkyMed coverage @ITIN=RIS

Geometria ascendente Geometria discendente
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Radar images: features and problems
Images contents and geometric distortions




Radar satellite image @ITIN=RIS

The radar image is matrix of pixels like an optical (RGB) image. Each pixel has proper coordinates (radar), dimensions
and radar information. Each cell (pixel) has values of amplitude and phase of the back-scattered signal by targets.

b .o i azimuth Aa azimuth
S
<]
. .-I'
ﬁ‘ . i Aa:risoluzione in azimuth
—»

Il“n __________

dehid

Ar.

L

slant range




Radar sensors features @ITIN=RIS

Spatial resolution of radar satellite
image depends on the characteristics
of that sensor (in terms of frequency
and wavelength) that has been used
for acquisition.

y 5 " ! | ‘ : ' i
A t’ .0 ‘ ! y " "‘. . _ ' : ,‘\'_ l'_"
Satellite (samples) Wavelenght Characteristics Range x Azimuth '




Spatial resolution of radar sensors @ ITIN=RIS

ERS1/2 (Banda C) TerraSAR-X (Banda X)
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SAR image contents @ITIN=RIS

R e = e Amplitude: pixel values referred

-
y BV B
" —
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a -
B -~
: «

cell values referred to the distance of 1&
the target (measured in 11) Wbk sts




SAR image contents - Amplitude

Every pixel of a SAR image contains the back-scattered signal
influenced by all the reflecting scatteres in a cell. The
reflectivity (back-scattered amplitude) is not influenced by
weather conditions and solar illumination.

The intensity of the back-scattered signal depends on the type
of target (geometry, temperature, dielectric proprierties).

Antenna

/

Diffuse reflector Specular reflector Corner reflector

®ITIN=ERIS
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SAR image contents - Phase @ ITIN=RIS

* The emitted radar signal reach the target on the ground and then
returns to the radar

* The radar signhal can be assumed to be a sinusoid wave with
wavelength A.

* Based on their distance, the objects (targets) have a peculiar
phase radar signal

A - Microwave wavelength

Amplitude

/2 TC 31t/2 27

A2 A




SAR image contents - Phase @ ITIN=RIS

« Radar signal (chirp) could be represented as a sine
wave with wavelength A

« Flight time is proportional to R (distance between the
source/receiver and the cell)

 Phase of the emitted signal differs from the phase of
received signal (phase shift)

« R remains unknown, while phase shift can me
measured extremely accurately



SAR image contents - Phase @ ITIN=RIS

« Radar signal (chirp) could be represented as a sine
wave with wavelength A

« Flight time is proportional to R (distance between the
source/receiver and the cell)

« Phase of the emitted signal differs from the phase of
received signal (phase shift)

* R remains unknown, while phase shift can me
measured extremely accurately



SAR image contents - Phase @ITIN=ERIS

AR

AR =2R A
A¢>:277[AR | S A¢:7R

The interferometric phase is proportional to the variation of lenght of the electromagnetic wave




SAR image contents - Amplitude

Every pixel of a SAR image contains the back-scattered signal
influenced by all the reflecting scatteres in a cell. The
reflectivity (back-scattered amplitude) is not influenced by
weather conditions and solar illumination.

The intensity of the back-scattered signal depends on the type
of target (geometry, temperature, dielectric proprierties).

Antenna

/

Diffuse reflector Specular reflector Corner reflector

®ITIN=ERIS




SAR image contents - Phase @ITIN=RIS

41T
¢ — l/) -+ TT (+a + noise )

Reflectivity of the radar target
(geometries, exposition, material)

[ o of
Geometric phase related with the distance of the ;,‘;3 “r,"«‘i‘; Sl

target and its moving Ah N e PR 2 TS
(A is the wavelength - r is the radar distance) The phase of a single image is useless since
the phase image is difficult to understand
0 Atmospheric contribute and the diverse factors of phase
. contributions are difficult to distinguish from
nolSe Radar signal noise the target reflectivity, atmospheric

contribution, topographic effetc and noise



Georeferred SAR image DITIN=ERIS

Sentinel-1 (ESA) COSMO-SkyMed (ASI) Sentinel-2 (ESA)
C-band (5.6 cm) X-band (3.0 cm) Optical image (RGB)

e BLACK: specular reflection (for example the water elements)

e GREY SCALE: several element with various values of reflectivity
e WHITE: high reflectivity (as edifices, outcropping rocks, etc)









Geometric distortion @ITIN=RIS

S

>\ The portion of ground associated to each pixel of the SAR images depends both on the dimension of
0 the cell (resolution) in SAR coordinates (slant range and azimuth) and on the local topography




Geometric distortion effects @ ITIN=RIS

| T e
W

~ Look Angle

* Foreshortening: when the radar beam reaches the base of a tall

l — Radar Beam
/

featured tilted toward the radar (e.g., a mountain) before its top, the - >/
foreshortening effect occur. The distance between this two points \ S
will appear compressed with respect to the real; \

A Cc

r— Look Angle

Radar Beam

\ Radar-Image
y N Plane
L)

e Layover: when the radar beam reaches the top of a tall featured
tilted toward the radar (e.g., a mountain) before its base, the layover
effect occur. The top of the feature “lays over” its base on the ground
projection;

SAR / Look Angle

Radar Beam

*Shadowing: when the radar beam is not able to illuminate a portion | e R N T N
of the scene (e.g., steep slope or vertical features), the shadowing \\i\ "‘
effect occur. These portions will appear dark (or completely black). woe.” . AR VRSO




Geometric distortion effects

@ITIN=RIS

San Leo Rock Cliff, Emilia-Romagna region (central Italy)

e
.

COSMO-SkyMed descending
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COSMO-SkyMed ascending
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Geometric distortion effects @ ITIN=RIS

Etna Volcano, Sicily region (southern Italy)

Sentinel-1 descending

Sentinel-1 ascending
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Differential InNSAR (DInSAR)

Principles and applications




Differential INSAR (DInSAR) @ITIN=RIS |

azimuth
é?f—) azimuth /ﬁf 4/

Two images acquired at the same time (Bt =0),
from the same position (Bn =0)
flat terrain, no motion occuring

aduel €
> o
>
Y
3
o

Two images acquired at the same time (Bt =0),
from different positions (Bn #0)
flat terrain, no motion occuring

Two images acquired at the same time (Bt =0),
from different positions (Bn #0)
not flat terrain, no motion occuring




Differential INSAR (DINSAR)

1¥ pass:
Measures roforence phase (@, )
for oach plxet for time ( /7, )

@ITIN=RIS



Geometrical and temporal baseline @|T|N=Q|5

Slave (T2)
w\ - }\L/ Master (T1)
/ /

Bn — Geometrical (hormal) baseline:
describes the “distance” of the Slave
acquisition with respect to the Master.

Bt — Temporal Baseline:
difference in time between
acquisitions.



“‘?2 Basic principle of the interferogram @ ITINERIS
» Time To

» Radar sensor send an impulse toward the
area of interest

» Radar signal is backscattered by high
reflectivity target on the ground and
received by the antenna

high reflectivity target » R1is the sensor-target distance




Basic principle of the interferogram @ITIN=RIS |

In the time interval AT

OCCURRENCE OF GROUND DEFORMATION

LTI

high reflectivity target




\

high reflectivity target

J Basic principle of the interferogram @ ITIN=RIS

> Time To+AT

» Radar sensor send a new impulse toward
the area of interest '

» R2 is the new sensor-target distance

» R1 - R2 difference is the ground
deformation occurred between the two
radar acquisitions along the line-of-sight
(LOS) of the satellite



Differential interferometry @|T|N=R|S

S : -
2  SAR interferometry: compare acquisitions
Sk Comparing two acquisitions, on the same area, NOT at the same time,
acquired from the (almost) same positions
/{V’“ Motion detection

Map of relative displacement, measured through
differences in “phase shift”




Differential INSAR (DINSAR) components

DITINERIS
A cI)int = A cI)displ +|A cI)’Icopo |+ A cI)atm A cI)flat |+ A noise
Topografia Atmosfera Flat-earth Rumore
If B, (baseline geometrica) is equal to 0, A ¢,,,, and Ady,, are null (as in the GBInSAR sensor)
If B, is known and a DEM is available, Ad,,,, e A ¢y, can be estimated and removbed
- - 9 Color wheel

21T

i

& Vil
PESCARA DEL TRONTO #555
E 0N

31m/2
LEGEND
2 nN, o 7 fhns S AT K Epicentr - Magitudo 6.0

Phase variation [rad]

14811037 1456662 1062222 16778271 J " » 149858171



Differential INSAR (DINSAR) @ITIN=RIS

At Revisiting time depending on the satellite
A7 Ground displacement

Al/) Reflectivity - should be the same

Aa Atmospheric content - assume to be the same

1’ acquisition 2’ acquisition
A = %+—r+}/a+n/5e
Ap=0=>Ar=0 A¢ The noise can be disregarded if the radar signal is good.
Ad = 210 D Ar = A/2 /1

Precision and Accuracy are higher for smaller A
(difference between L-, C- and X- bands)
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. - le:m DINSAR examp|es @ ITIN=RIS
San Leo Rock Cliff, Emilia Romagna, central ltaly
Y

Vulcano Fogo, Capoverde (Africa)

O
Pico do Fogo




- DINSAR examples ”@|T|N=RIS

San Leo Rock Cliff, Emilia Romagna, central Italy
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Vulcano Fogo, Capoverde (Africa)
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LAquila earthquake (Italy

Savairag b Dlardd

@ITIN=ERIS

LAquila earthquake
Molise region, central Italy
April 9t 2009

Coseismic ITF
February 2" 2009
April 12th 2009

Satellite Envisat

™2
Banda C=5,6 cm

3m/2

Color wheel

4

= 21T



Accumuli earthquake (ltaly) @I TINZRIS

Accumoli - Amatrice ea rthquake
Lazio region, central Italy
August 24" 2016 |

Coseismic ITF

Satellite Sentinel-1 Coliwhael

™2
Banda C=5,6 cm ‘ 6\

0=2m

3m/2




Turkey-Syria earthquake @ITIN=RIS

39°N

39°N

Turkey-Syria earthquake

February 5-6™" 2023

38°N - 38°N -

Coseismic ITF

January 29t 2023
February 0274 2023

37°N - 37°N -

Satellite Sentinel-1

Banda C=5,6 cm

36°N - 36°N

38°E . 39°F

0.00 3.14
interferometric phase [rad] line-of-sight displacement [m]


https://comet.nerc.ac.uk/earthquakes/us6000jqcn.html

DINSAR limitations

@ITIN=RIS

41 _
Ap = Ay +7r + Aa + noise

Geometric Baseline (Bn): linear distance between master
and slave images when shot the same scene.

Temporal Baseline (At): time span between the slave and
master acquisition of the same scene.

Decorrelation: disturb of the radar signal, in phase, based on
the type of target reflecting material. High for “natural” soil,
low in urban areas.

Atmospheric contributions: based on the weather during the
two shots (e.g., humidity, temperature, pressure). If inthe
two shot are different a little error will influence the results.



DINSAR limitations @ITIN=RIS

41 ,
Ap = Ay +7r + Aa + noise
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nterferogram | | Interferogram
Span of few days Span of some months

Optical image SAR amplitude image

Spatial and temporal decorrelation that caused a loosing of coherence



Cohence _ o @ITIN=ERIS

Coherence is a function of surface type, sensor
wavelength, interferogram time interval,
season, weather/soil moisture etc..

It is limited by working in "coherent" areas of
the interferogram.

The longer the time interval of the
interferogram (temporal baseline - Bt), the less
the coherence of the surfaces and therefore
the greater the noise




Interferometric Coherence @ITIN=RIS |

. y '\‘ A ) , ,: N ". e '\
AL o "z"a"fb\f“\' P

e | g“’ AL PR Y T a

eateiiied  Interferogram | Coherence

oherence [y] refers to the phase stability of each
pixel with respect to the neighbors.

Y= 0 means completely random phase
signals(noise)

Y= 1 complete phase stability (signal)
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Multitemporal INSAR (MT-InSAR)

Principles, advantages and limits




Multi-interferometric InSAR @ITIN=RIS

It measures phase differences
for each target. The
measurament points are called
Persistent Scatterers (PS).

1

_1 R
2 - Rz - AR1;2
3 R3 - A R2;3

e Displacement (mm) and velocity of movement (mm/year) measured along the LOS direction
eThe analysis has to be conducted for each orbit (ascending and descending)



Multi-interferometric InSAR @ITIN=RIS

41T /
Aqb=§\{/)+7r+Aa+n Lse

FoA » All the measures (displacement or velocity of displacement)
' are relative to a reference point

» Temporally the investigation is limited by the older image
(usually the master)

‘ £ » The reference point is assumed stable according to signal
i features and geological characteristics. It is manually assigned
» It allows investigating time-series (temporal displacement)

for each measurament point

time

0

& ="' .,: Parameter Precision

— )

100

. - Average displacement velocity < lmm/year

20 20

siant range apmun

Dataset of SAR images Single displacement measurement <3 mm




Statistical analysis @ITIN=RIS

A set of images is selected

A set of statistics is
performed to identify which
pixels keep constant
reflectivity and coherence
up in time




DITIN=ERIS

Atmospherical estimation
Atmospheric phase screen (APS) is calculated removing from the unwrapped phase, displacement and DEM error

contribution:
riging) allow the removal of the APS on all differentials.
D = Qelevation + Qdisplacement + Patmosphere + Onoise

An interpolation (k

ifferential interferogram
“cleaned”

Differential interferogram
19960406 - 19960405
Bn=87.4 m Calculated APS




PSINSAR (Permanent Scatterers
Interferometry)

Ferretti et al., 2000, 2001

SBAS (Small Baseline Subset)

Berardino et al., 2002

CPT (Coherent Pixels Technique)

Mora et al., 2003; Blanco et
al., 2006

Modified SBAS

Schmidt & Burgmann, 2003

IPTA (Interferometric Point Target
Analysis)

Werner et al., 2003

SPN (Stable Point Network)

Duro et al., 2003; Crosetto
et al., 2008

StaMPS (Stanford Method for
Persistent Scatterers)

Hooper et al. 2004

STUN (Spatio-Temporal Unwrapping
Network)

Kampes, 2006;

PSP (Persistent Scatterers Pairs)

Constantini et al., 2008,
2014

DePSI (Delft Persistent Scatterer
Interferometry)

Ketelaar, 2009

SqueeSAR Ferrettietal., 2011
WAP (Wide Area Product) Adam et al., 2011
SARproZ Perissin & Wang, 2012

MInTS (Multiscale INSAR Time Series)

Hetland et al., 2012

Distributed Scatterers approach

Goel & Adam, 2014

Modified SqueeSAR

Lv et al., 2014

CPS (Cousin PS)

Devanthéry et al., 2014

Algorithms

* The basic concept is the same

@ITIN=RIS

* The difference of the algorithms are related
to the chosen of the target and the way of
the calculation of the feature parameters of

the points



PSINSAR - PS @ITIN=ERIS

Points with a stable electromagnetic signature in all ITF

4 RECEIVED SIGNAL

Range

“Permanent scatterers in SAR interferometry" o -

m

Signal amplitude

No PS

%



What is Permanent Scatterer? @ITIN=RIS

Elements to which the reflectivity does not change over time



What is NOT Permanent Scatterer? @ ITIN=RIS

Elements to which the reflectivity does not change over time



Corner Reflector

Displacement mm
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®ITIN=ERIS
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r g—
Dataset:D20-139 Incidence angle:42.87° u N
Point ID:3cGrv0Y83q Track angle:189.41°
Position:3733682.25 N 4210820.50 E 2.90 m
Mean velocity:1.40 mm/year w E W E
Coherence:0.63
RMSE:4.30 mm
- D S .
20 i © M D19-037: 3ADSF5hILE o

Measurement date


https://egms.land.copernicus.eu/#llh=8.20353473,56.68937094,6235.25392965&look=-0.04592668,-0.82637868,-0.56123883&right=0.99814464,-0.01547940,-0.05888692&up=-0.03997525,0.56290201,-0.82555636&layers=VHR%20Image%20Mosaic%202012_VHR%20Image%20Mosaic%202012-Image-parent,D03-155-L2B,D04-082-L2B,D05-009-L2B,D06-111-L2B,D10-169-L2B,D11-096-L2B,D12-023-L2B,D13-125-L2B,D14-052-L2B,D15-154-L2B,D16-081-L2B,D17-008-L2B,D18-110-L2B,D19-037-L2B,D20-139-L2B,D21-066-L2B,D22-168-L2B,D23-095-L2B,D24-022-L2B,D25-124-L2B,D26-051-L2B,D27-153-L2B,D28-080-L2B,D29-007-L2B,D30-109-L2B,D31-036-L2B,D32-138-L2B,D33-065-L2B,D34-167-L2B,D35-094-L2B

B ITIN=ERIS
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Distributed Scatterers (DS) ' | ), I.KTINERIS

| (

| ﬂ
f

We pass from a puntual ta rgéf“’to---an___a_eLia__I__o,ne/

It permits to enlarge the number of points

Ferretti et al., 2001
“A new algorithm for processing interferometric data-stacks: SqueeSAR»



Distributed Scatterers (DS) @ITIN=RIS

Ay L nl-n.ﬂ.'il ? " un-.lﬁﬂ

" — . . .
100 1 Acguisition

_ -] L= I.l= nh: . ’ - o . e A
R -a-; T 'f:-d: Y &= 0 iy gt iy T “’-%ﬁ
| 100

L ] ..':'I.l.?qlﬂjiﬁi'.il':-l'l
ldentification of points in areas with coherent signal but not so powerful to be a PS, but enough to be
recognizable with respect to the envronmental noise;

According to statistical tests points in small areas with similar backscattered signal are selected;

This signals are "amplified" (or sqeezed) in order to create/simulate a synthetic PS of an area, thus DS




PSINSAR vs SqueeSAR DITIN=ERIS

Received signal

. P35 Signal

A NE

e PS

o

- No coherence

- DS

FRange

versus




Fields of applications DITIN=ERIS

Slow moving
landslides

Tectonics

Volcanic
deformation

Veloata media
{mm/annac)

® -1643 - -10,00
o ) @ -9,99--500
Legend 9,99 - -5,00 3,01-5,00 o -499--300
Vel (mm/yr) -4,99 - -3,00 5,01-10,00 % ¢ -2,99--1,00
42,31 --30,00 2,99 --1,50 10,01 - 15,00} © -099-1.00
B ek e 800 e @ 1,01-300 4
o sui-s Infrastructure
-14,99 - -10,00 1,51 - 3,00 * 501-874 y




Products of MT-InSAR

10°0'0"E 10°40'0"E 11°20'0"E 12°0'0"E

44°0'0"N
44°0'0"N

43°20'0"N
1
43°20'0"N

42°40'0"N

42°40'0"N
1

Sentinel ascendenti
Velocita di deformazione (mm/anno)
® <-200 -49--20 *51-10.0

®-199--100 # -1.9-2.0 ® 10.1-20.0 Q
» 99--50 21-50 3201

®ITIN=ERIS

The map of velocity classify the single PS based on
the annual average velocity value

The value of velocity is calculated based on the linear
model



Products of MT-InSAR @|T|N=R|S
g \ - | ‘ ; A 2 \..‘-.“",‘;._ <
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% N

1.ldentificative code unique of the PS;

. "
e

2.Height of the point and its standard
deviation. The height is calculated with
respect to the DEM used in the procesing
of data - metric precision;

3.Velocity of the point and its standard
deviation.
Precision: 2 mm/year;

4.Value of coherence of the time-series,
thus how much it moves from the linear
model;

5.Values of displacement of the single
acquisistions of the satellite (n column
for the Y acquisitions)



Products of MT-InSAR @ ITIN=ERIS

50

...-.-__-".--,_-._ P K

Displacement (mm)

2015 ApI g H 2016 Tal ¥ t 2017 Tal . t 2016

Acquisiton data

* For each point (PS or DS) is possible to extract the time-series, thus a graph representing the
displacement along time

* Each time-serie represents the displacement of the surface, or the target backscattering the
signal coherently along time, for the whole period of the datasets of the SAR images processed



Precision and accuracy DITIN=ERIS

The quality of masures depends both on the operator ability and reliability of the used sensors.
A little incertainity is ever present in the estimated measurement values

Accuracy Precision

Precision + Accuracy

The accuracy mean the absense of systematic error in measures. High accuracy --> average values close to the real
A measeure is precise when the single measured values are very close to the average of the recorded measures



Quality parameters: the coherence @ITIN=RIS

Coherence: evaluate the correspondance between data and displacement model used in the processing.
It assumes values between 0 and 1 (values close to 1 states an high correspondance with the model)
The reliability of the simulation increase with highest number of images into the processed dataset.

COHERENCE: 0.99 LAT:43.90935 LON:11.04983 v_STDEV[mm/yr]:0.2 SEASON_PH
STD_DEF : 3.3 SEASON_AMP [mm]:0.64 S_AMP_STD :0.53 EFF_AREA [m7]

Displacement [mm]

0® 0 0%0,0,00" %4000 AR, AT AR sutn P A I, AT NS WIS Py SN 0 PSP

COHERENCE:0.76 LAT:43.90692 LON:11.05554 v_STDEV [mm/yr]:1.5 SEASON_PHS [d]:-163.

VEL [mm/yr]: -40.
H H_ST m] HEICHT [m]: 88.8 STD_DEF :86 SEASON_AMP [mm]:11.39 S_AMP_STD:1.
Modello Lineare

Displacement [mm]

0 N
S
3 W‘\
100 ‘"’”.'
%
\“\.M
150 %

2015 2016 2017 2018 2019




Quality parameters: the standard deviation @ITIN=RIS

Standard deviation: it indicates how much the estimation of the difference of velocity of the point moves with
respect to the reference point

Vel = -8 StdVel = 1.5
[mm/anno] [mm/anno]
X, The standar deviation depends
i ‘ @REF on:
- . .
- ~ Distance between the point
-l | and the reference point
% . - ; :
P AN - - Topography of the area of
s i3 Sf8 & interest
(l "' i g . 61 1" ,‘ . ' . )
54 2 y’g’:ﬁ-
b Campo di velocita < .1 Deviazione Standard della velocita
S S—— v ® ’”’"‘-"‘""_'"’"’* ! — I TR ———.
} g = i 15 o - 8 — l ¢ 3 “ 15 o9 t ~ & - —-

-10 [mm/anno] +10 | 0.7 [mm/énno] 1.7



®ITIN=ERIS

The interferometric measurements are DIFFERENTIAL (or RELATIVE), thus
referred to a common reference point for the whole area of interest

The reference point is chosen based on the knowledge of the site, on the
ancillary information and the availability of existing monitoring data

The point MUST be stable (velocity approximately 0 mm/year) and MUST
have a very high coherence (> 0.9)

The interferometric measurements are temporally RELATIVE since referred
to a fixed period of time, referred to the oldest processed images



Reference Point @ITIN=RIS

™! Importance of the
¢ Reference Point choice

Wrong Positioning

ERS 1996-2000
Barcelona

Correct Positioning

ERS 1996-2000

Barcelona
mm/year

mm/year
M o S iy ; 1&

v .
" d iy

Time Series of the PS in the red circle. Time Series of the PS in the red circle.

Vel: +3.5 mm/year (uplift) - Coherence: 0.93 (high coherence) Vel: -0.4 mm/year (stable) - Coherence: 0.91 (high coherence)
40
40 ) Displacement [mm]
Displacement [mm]
20
20
.t 0+ ] . . a _® ..i---ﬁ'.l - x
0= '-*'..' -..1.;- . e** veluiee®u.n ’-.' ] .'......-_l.'-.q’.. M"'H"q.ﬁ_ Mﬂ\f:ﬂ -’!0.-.*.!.#'. ‘l."-"ty * g% -..+"|-.,. e " aen !f-lh".ﬂ.l.u.u“: W"H!’#M‘_i‘ "HH
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Georeferencing precision @ITIN=RIS

Georeferencing operation:

- From SAR coordinate (slant range and
azimuth) to a geographical coordinates

- Alignment of PS on the available
cartographic support by means of a
rigid translation

- Positioning of the PS into che ground
cell resolution

0 75 150 300
o\ cters




Georeferencing precision

Posiziohamento Est Nord Verticale
Banaa C +7m +2m +15m

Precisione (10) ’
Banda X +4m +1m +15m

Precisione (10) ’

@ITIN=RIS

Valori tipici per distanze < 1 km dal punto di riferimento per un dataset di almeno 5 anni (satellite banda C)




Measures ambiguity @ITIN=RIS

I| i
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AN
YAVAYE,
A
\/

s,
If the target moves (AR) less than to A/4, the radar system can estimate the displacement without ambiguity.

Grater movements can be wrongly estimated.

If the target moves (AR) plus 1, 2, n times A/4 between two subsequent acquisition, the system can estimate a
AR displacement, but it can not understand the number of complete cycles made by the target.

The sensors can not understand that the electromagnetic wave has made come cycle of phase



Phase NOT ambuguous

Low movement - High temporal sampling - High density of PS

Ry A u/\UQUQj

Fase

Fase

Fase

Fase

@ITIN=RIS
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Ambuguous Phase - phase jump

@ITIN=RIS
Fast movement - Low temporal sampling - Low density of PS (
ks
tempo
& .
© 0=0
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W
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>
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How to read the deformation maps @ ITIN=RIS

* GREEN represents the “stability” of the point. A

range (usually 2 mm/year) defined on the standard
deviation of the datasets is used to set it

* HOT COLORS represent a movement of the
backscattering element away from the satellite

* COLD COLORS represent a movement of the
backscattering element towards to the satellite




How to read the deformation maps

@ITIN=RIS

rt

Deformation component
along line of sight (blue arrow)

=+ Deformation component
\»- » »
=~ along line of sight (red arrow)

~
S~
-
-
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Limitations on velocity DITIN=ERIS

A/4/Rev.Time*365
Satellite Maximum velocity detectable
ERS 1/2 14.7 cm/yr
Envisat 21.2 cm/yr
RADARSAT 25.7 cm/yr
TerraSAR-X 35.3 cm/yr
COSMO-SkyMed 42.6 cm/yr
ALOS-2 46.8 cm/yr
Sentinel-1 (6 giorni) 85.2 cm/yr

A/4 e intrinsic limit of the interferometric technique



Limitations on velocity

@ITIN=RIS

Classe Desctinicoe Dazn covervabnls Velocaa Velocua
tipeca (nvs)
7 Estrepamente Catastrofe & eccezicnale viclenza Edific: dustruth per S5m's 5
rapuda 'mopatto del msateniale spostato. Moltn meorti Fuga
ipostiale
6 Molto rapada Perdita & alcune vite umane Velocita troppo elevata 3 mnmn $10°
pet permettere | evacuazicoe delle persone
b Rapeds Evacuanone posubile Dustrumooe & strutnge, 1S ahe S0
iamobels od wnstallazons permanents
4 Moderata Alcupe struttare tempomanee © poco dannegmabil 13 m'nese 5107
POssonO esvere mantenite
3 Leuta Posubshta & mtraprendere lavon & nabsdhtaziooe e * 1.6 m'anno 5104
restasxo dusnnte 3l movimento. Le struitige meno
danoegpiabals posiono essere mastenute con fregquent;
lavon & nabditanoge s il movumento totale pon é
troppo pande durante una patcolawe fae &
Moeleranooe
Alcune stutye permuacent POsD0 Boa  ewere | - 16 mmiasmo 510
dannegmiate dal movumento
[mpercertbile senza strumentt & moomonagso. | < 16 mosasnd
Costrursom de edefics possitbele con precauzions

The maximum velocity that can be measured allow monitoring the slow phenomena

Subsidence can be monitored, but not sinkhole (maybe previous displacement)

Only landslides defined as “extremely slow” and “very slow” can be monitored



Landslide classification @ITIN=RIS

Table 5 Summary of the proposed new version of the Varnes classification system. The words in italics are placeholders (use only one) '

Type of movement

Fall 1. Rock/ice fall* 2. Boulder/debris/silt fall*
Topple 3. Rock block topple® 5. Gravel/sand/silt topple®
4, Rock flexural topple
Slide 6. Rock rotational slide . Clay/silt rotational slide
7. Rock planar slide® 12. Clay/silt planar slide
8. Rock wedge slide® 13. Gravel/sand/debris slide®
9. Rock compound slide 14. Clay/silt compound slide

10. Rock irregular slide®

Spread 15. Rock slope spread 16. Sand/silt liquefaction spread®
17. Sensitive day spread®
Flow 18. Rock/ice avalanche® 19. Sand/silt/debris dry flow
20. Sand/silt/debris flowslide®
21. Sensitive day flowslide®
22. Debris flow®
© 23. Mud flow®
24. Debris flood
25. Debris avalanche®
26. Earthflow
27. Peat flow
Slope deformation 28. Mountain slope deformation 30. Soil slope deformation

29. Rock slope deformation 31. Soil creep
32. Solifluction

For formal definitions of the landslide types, see text of the paper.

? Movement types that usually reach extremely rapid velocities as defined by Cruden and Vames (1996). The other landslide types are most often (but not always) extremely slow to very rapid
Hungr et al. (2014)



Landslide classification

Rapid long run out landslides

Caused by earthquakes and
heavy rainfalls

@ITIN=RIS

Characteristics

e Rapid Motion
e Great Impact Force
e \Nide Disaster Area

. 3

Great number of death

Rapid - velocity -  Slow
Long Rapid long slow long -
run-out run-out traveling
distance landslides landslides
‘ (liguefied (Earth flows,
slides, etc) etc)
Rapid
P Slow short -
short- ,
' movin moving
‘g landslides
short- landslides _
moving (first -time l(refj“lf‘(;ate‘j
landslides slides) andslides)

Occurrence of flow
--------- - ~_in granular soils

Kyoji Sassa (2001)



Rapid Long-runout

Liguefaction failures
Debris flows

Debris avalanches
Rock avalanches

Rapid Short-runout

1st time failures
Rock falls
Rock slides

@ITIN=RIS
Slow Long-runout "

Reactivations
Earth flows
Mus flows
Mudslides

Slow Short-runout

Reactivations
Earth slide
Rock slide



Velocity vs monitoring systems @ITIN=RIS
Table 2 Landslide velocity scale (WP/WLI 1995 and Cruden and Varnes 1996) |

Velocity class Description Velocity (mm/s) Typical velocity Response”

7 Extremely rapid 5x10° 5 m/s Nil

6 Very rapid 5x10 3 m/min Nil

5 Rapid 510" 1.8 m/ Evacuation

4 Moderate 5%10°° 13 m/month Evacuation

3 Slow 5%10° 1.6 m/year Maintenance

2 Very slow 5%10°" 16 mm/year Maintenance

1 Extremely Slow Nil

 Based on Hungr (1981)

Satellite radar
interferometry

1 m/year

100 m/day
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