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Qutlines:

Part 1
Intfroduction to Synthetic Aperture Radar (SAR)

Part 2
Introduction to Interferometric SAR (INSAR)

Part 3
An Overview of SAR Data Sources and Tools



Learning Objectives
By the end of this presentation, you will be able to:

Understand the physics of SAR image formation
Describe the interaction of SAR with the land surface
Describe the necessary data preprocessing

Explain what information is available from SAR



The Electromagnetic
Spectrum

Optical sensors measure
reflected solar light and only
function in the daytime

The surface of the Earth cannot
be imaged with visible or
infrared sensors when there are
clouds

Microwaves can penetrate
through clouds and vegetation,
and can operate in day or night
conditions



antages and Disadvantages of Radar Remote Sensing Over
Optical

Advantages
Nearly all weather capability
Day or night capability
Penetration through the vegetation canopy
Penetration through the soill
Minimal atmospheric effects
Sensitivity to dielectric properties (liquid vs. frozen water)
Sensitivity to structure

Disadvantages
Information content is different than optical and sometimes difficult
to interpret
Speckle effects (graininess in the image)
Effects of topography



Optical vs. Radar
Volcano in Kamchatka, Russia, Oct 5, 1994







Active and Passive Remote Sensing

Passive Sensors:
The source of radiant energy arises
from natural sources
e.g. the sun, Earth, other “hot” bodies

Active Sensors
Provide their own artificial radiant
energy source for illumination
e.g. radar, synthetic aperture radar
(SAR), LIDAR



Review of Radar Image Formation

Radar can measure amplitude (the strength of the
reflected echo) and phase (the position of a point in time
on a waveform cycle)

Radar can only measure the part of the echo reflected
back towards the antenna (backscatter)

Radar pulses travel at the speed of light



Radar Parameters to Consider for a Study

Wavelength
Polarization

Incidence Angle



Synthetic aperture radar (SAR):

There is an inverse relationship between the resolving power of a radar
antenna and its length (its “aperture” in radar-speak). A antenna with a 10
m aperture (a typical radar antenna length for several past missions) has
resolution of a few kilometers on the ground. Conversely, you would need
an antenna with an aperture of several kilometers to image something on
the scale of a few tens of meters on the ground—and it would not be
feasible to launch or power such a thing in orbit









Radar Parameters: Wavelength
* Wavelengths most frequently used in SAR are in
parenthesis

Wavelength =
Speed of light frequency



Radar Parameters: Wavelength

Penetration is the primary factor in wavelength
selection

Penetration through the forest canopy or into the
soil is greater with longer wavelengths



Penetration as a Function of Wavelength

Waves can penetrate into vegetation and (in dry

conditions) soill
Generally, the longer the wavelength, the stronger the

penetration into the target



Radar Parameters: Incidence Angle

The angle between the direction of illumination of the
radar and the Earth’s surface plane

Depending on the height of the sensor, the incidence
angle will change
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Incidence angle (&)

LONGITUD DE ONDA 1 cm

SENAL DE LA COPA,
TROCOS Y SUELO

SENAL DEL SUELO
Y DEL SUBSUELO

SENAL DE LA COPA,
Y DE LOS TROCOS

SENAL DEL TRIGO
Y DEL SUELO
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Radar Data from Different Satellite Sensors

Sensor Name RADARSAT-2 Sentinel-1A RISAT-1
Adenc Canadian Space European Space Indian Space Research
gency Program (CSP) Agency (ESA) Organization (ISRO)
Instrument C-band SAR (5.4 GHz) | C-band SAR (5.4 GHz) | C-band SAR (5.35 GHz)
Incidence Angle Side-looking, .1 9-45° off- | Side-looking, .15'45 off- 36.85°
nadir nadir
Polarization HH, HV, VV, & VH (VV & VH) or (HH & HV) HH & HV
Sensor Height at 798 km 693 km 542 km
Equator
Orbit Sun Synchronous Sun Synchronous Sun Synchronous
(dusk/dawn) (dusk/dawn) (dusk/dawn)
Revisit Time (Orbit
Repeat Cycle) 24 days 12 days 25 days
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‘ Radar Data from Different Satellites

Sensor Name RADARSAT-2

Resolution 100 m

Sentinel-1A
5mx20m

RISAT-1
~25m

Swath Width ~00 k”r;g‘:;”sm 250 km (IWS mode) 115 km (MRS)
Mean Local Time 6:00 a.m. descending 6:00 a.m. descending 6:00 a.m.
Launch 14 Dec 2007 3 April 2014 26 Apr 2012
Planned Lifetime 7/ years minimum 7 years D years










INSAR

* |nterferometric — use waveinterference
o Synthetic pretend you have a big radar
antenna
perture
e Radar .. emit microwaves, measure echoes

InSAR is a method that uses two or more SAR images to
measure movements of Earth’s surface, by calculating the
interference between the phases of the SAR images.
















































Phase Unwrapping

Elements of the phase unwrapping problem: From the
measured, wrapped phase, unwrap the phase from some
arbitrary starting location, then determine the proper ambiguity
cycle.

Actual phase o dn N 2 =
{p:-}—(pl— pj} = —TB'.’?Ios

—.‘[/

Wrapped (measured) phase
T - - " (meas = mod (¢,27)
/ /

., /
T ‘ / ‘;blmw = U((;jlneae) = f;f) + 271k
—T ‘ / where K is an integer to return
the absolute phase
Typical unwrapped phase




























Interferometry Applications”
" Mapping/Cartography

—" Radar Interferometry from airborne platforms is routinely used to produce
topographic maps as digital elevation models (DEMS).

" 2-5 meter circular position accuracy!

" 5-10 m post spacing and resolution!

" 10 km by 80 km DEMs produced in 1 hr on mini-supercomputer!

—" Radar imagery is automatically geocoded, becoming easily combined with
other (multispectral) data sets.!

—" Applications of topography enabled by interferometric rapid mapping!

" Land use management, classification, hazard assessment, intelligence, urban
planning, short and long time scale geology, hydrology!

" Deformation Mapping and Change Detection!

—" Repeat Pass Radar Interferometry from spaceborne platforms is routinely
used to produce topographic change maps as digital displacement models
(DDMs).!

" 0.3-1 centimeter relative displacement accuracy!

" 10-100 m post spacing and resolution!

" 100 km by 100 km DDMs produced rapidly once data is available!

—" Applications include!

" Earthquake and volcano monitoring and modeling, landslides and subsidence!
" Glacier and ice sheet dynamics!

" Deforestation, change detection, disaster monitoring












Recall that one wavelength of path length is equivalent to 2m of
phase. Given that radar satellites orbit at several hundred km
of elevation, it is not feasible to count the number of phase
cycles for a single image . . .



... So what we do is compare (difference) the phase from two different passes of the same satellite over
the same point on the ground. Assuming that we can correct for the position of the satellite (and we can),
then any difference in phase between the two passes must be related to a change in distance between the
satellite and the ground (i.e. a movement of the ground).



1- first image
2- earth displacement

3- second image

4- measuring the phase

difference between 2 images
5- calculating displacement

—



So if the ground moves, we can detect a phase shift when we subtract the phase of the second image from the
phase of the first!

It is important to note that we can only measure displacement of the ground toward or away from the satellite,
in the line-of-sight direction between the two. Everything we measure is a “line-of-sight” displacement.



Here is how we make
an InSAR image (we
call them
“interferograms”).
Two SAR images are
shown, amplitudes on
the left, phases on the
right. They are both
from the same area of
Turkey, acquired five
weeks apart in the
summer of 1999.

The amplitude images
are used to match and
align the two SAR
images to each other,
to make sure that
when you difference
the phase, you are
differencing the phase
for the “same” pixels.
The various
corrections that are
made to the phase rely






The earthquake is
represented by four
concentric fringes. The
whole pattern is about 10
km long and 8 km wide.
Assuming that all of the
line-of-sight deformation
in this case represents
vertical deformation, the
four fringes represent a
maximum of about 12 cm
of subsidence of the
surface, at the center of
the pattern.






an interferogram of a
strike-slip earthquake
(Bam, Iran, 2003),
presented two different
ways. On the left is the
“wrapped”
interferogram, which is
the form we have seen
several times already,
with multiple fringes
defining the deformation
pattern . On the right is
an “unwrapped”
interferogram where the
displacements associated
with each fringe have
been added together to
give the total
displacement—these are
typically easier to
interpret than the
wrapped interferograms












ATMOSPHERIC “NOISE”

Refraction of microwaves by water vapor
“Static” part can resemble topography
“Turbulent” part can resemble deformation

DECORRELATION

Changes in radar scattering properties of pixels
Vegetation, snow, flooding, the passage of time...
Longer radar wavelengths less susceptible



12 (and then 6) day repeat in same orbit
mean post event wait => 3 days
ascending + descending => mean wait < 3 days






Strengths and Limitations"

" The major strengths for using radar differential

Interferometry are!

—" Wide area coverage!

—" Millimeter scale accuracy locally!

—" Geophysically useful even without other data sets!
=" Complementary to established geodetic and seismic
tools

(e.g. GPS and leveling)!

" Although there has been great success using
radar

differential interferometry for deformation

measurement its application can be limited by!

—" Temporal decorrelation of the surface!

—" Other surface changes!

—" Atmospheric and ionospheric effects!

—" Poor DEM availability and Quality or lack of DEM pair



