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NASA’s Applied Remote Sensing Training Program (ARSET)

https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset

* Part of NASA's Applied Sciences
Capacity Building Program

* Empowering the global community I yater Resources
through online and in-person remote
sensing training

* Topics for trainings include:
— Water Resources
— Air Quality
— Disasters
— Land I Air Quality
— Climate & Energy (recently added)

NASA's Applied Remote Sensing Training Program
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NASA’s Applied Remote Sensing Training Program (ARSET)

https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset

« ARSET’s goadlis to increase the use of Earth
science remote sensing and model data in
decision-making through training for:

— Professionals in the public and private sector
— Environmental managers
— Policy makers

All ARSET materials are freely available to use
and adapt for your curriculum. If you use the

methods and data presented in ARSET trainings,
please acknowledge the NASA Applied Remote
Sensing Training (ARSET) program.

NASA's Applied Remote Sensing Training Program
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Training Format

« Four 2.5-hour sessions including
presentations and question and
ANsSWer sessions

 The same content will be presented at
two different fimes each day.

« Session A will be presented in English.

« Session B will be presented in Spanish.
— Session A: 10:00-12:30 EST (UTC-4)
— Session B: 13:00-15:30 EST (UTC-4)

NASA’s Applied Remote Sensing Training Program

Training materials and recordings will
be available from:

https://appliedsciences.nasa.gov/join-
mission/training/english/arset-mapping-
crops-and-their-biophysical-
characteristics

ARSET - Mapping Crops and their

Biophysical Characteristics with
Polarimetric SAR and Optical Remote
Sensing



https://appliedsciences.nasa.gov/join-mission/training/english/arset-agricultural-crop-classification-synthetic-aperture-radar-and

Homework and Certificate

.

« Homework Assignment:
— Answers must be submitted via Google Form
— Due Date: May 17, 2022

« A certificate of completion will be awarded to those who:
— Aftend all live webinars

— Complete the homework assignment by the deadline (access from website)

— You will receive a certificate approximately two months after the completion
of the course from: marines.martins@ssaing.com

h NASA's Applied Remote Sensing Training Program S ‘
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Prerequisites

Fundamentals of Remote Infroduction to Synthetic
Sensing: Aperture Radar:
https://appliedsciences.nasa.gov/join- https://appliedsciences.nasa.gov/join-
mission/fraining/english/fundamentals- mission/training/english/arset-
remo‘]‘e_sensimq inTrOdUCTiOﬂ—SVhTheTiC—ODerTure—rOdOr

TRAINING

Fundamentals of Remote Sensing

ARSET - Introduction to Synthetic Aperture
Radar

DESCRIPTION

DETAILS

These webinars are available for viewing ar any time. They provide basic information about the

of remote sensing, and arc often a prerequisite for other ARSET trainings.

DESCRIPTION
DETAILS
ane 28,2017 - uly

NASA's Applied Remote Sensing Training Program

Agricultural Crop Classification
with Synthetic Aperture Radar
and Optical Remote Sensing

https://appliedsciences.nasa.gov/{oin-

mission/training/english/arset-
agricultural-crop-classification-
synthetic-aperture-radar-and

ARSET - Agricultural Crop Classification with
Synthetic Aperture Radar and Optical
Remote Sensing

ces

< agona

DETAILS
DESCRIPTION
Octobers,2021-0c



https://arset.gsfc.nasa.gov/
https://appliedsciences.nasa.gov/join-mission/training/english/fundamentals-remote-sensing
https://appliedsciences.nasa.gov/join-mission/training/english/arset-fundamentals-remote-sensing
https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-synthetic-aperture-radar
https://appliedsciences.nasa.gov/join-mission/training/english/arset-introduction-synthetic-aperture-radar

Training Outline

NASA’s Applied Remote Sensing Training Program 7




Training Objectives

.

By the end of this training attendees will be able to:

« Explain the theory behind SAR Polarimetry, especially as related to crop
characteristics

« Generate polarimetric parameters using open-source imagery/software and
perform a fime series analysis of crop growth

« |dentify how Sen4Stat can support National Statistical Offices in the uptake of
satellite Earth observations for agricultural statistics

« Perform a time series analysis of crop types using Sentinel-2 derived LAl index

h NASA's Applied Remote Sensing Training Program
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Learning Objectives

By the end of this training, participants will be familiar with the following:

« Electromagnetic radiation

« SAR system characteristics Pre-requisite material
https://youtu.be/Xemo2ZpduHA2i=54
« Inferference and speckle (0:54 — 51:04)
. . hitps://youtu.be/2SGP30TGHXM2t=365
« Common SAR imaging modes (6:05 — 1:43:43)

« Polarimetry

h NASA's Applied Remote Sensing Training Program
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https://youtu.be/Xemo2ZpduHA?t=54
https://youtu.be/2SGP30TGHXM?t=365

.

Electromagnetic Radiation
« Different ways to describe waves mathematically

« Forsimplicity, the wave's profile can be based on a sine (or cosine) curve
— Mathematical function, mathematical curve
— Useful to model periodic phenomena

« Convenient to represent this on an x, vy, z (Right-handed Cartesian) coordinate
system

sin(ax) 4

— /-axis = direction of fravel

m ..: Al o mw I
Source: Geek3; Wikimedia Commons
NASA's Applied Remote Sensing Training Program 11



https://arset.gsfc.nasa.gov/
https://en.wikipedia.org/wiki/File:Sine.svg

Electromagnetic Radiation

« X-Y plane defined at sensor
« Convention: X is parallel to Earth’s surface

— : Source: Science4Fun
NASA's Applied Remote Sensing Training Program 12



https://arset.gsfc.nasa.gov/
https://science4fun.info/planet-earth/
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Plane linearly polarized wave — Source: AndImu — Wikimedia Commons

NASA's Applied Remote Sensing Training Program
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https://commons.wikimedia.org/wiki/File:EM-Wave.gif

System Characteristics — Polarization

h NASA’s Applied Remote Sensing Training Program Plane linearly polarized wave — Source: AndImu — Wikimedia Commons 14 ‘
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https://commons.wikimedia.org/wiki/File:EM-Wave.gif

System Characteristics — Polarization

radar antenna
transmits vertically

polarized energy vertical
VvV toward the earth send
= —> —>

vertical

vertical filter
receive

b.
backscattered vertically
polarized energy from earth
1s received by the antenna
Source: https://courses.eas.ualberta.ca/eas451 /radar%20section.pdf,
NASA's Applied Remote Sensing Training Program hitps://www.physicsclassroom.com/class/light/Lesson-1/Polarization 15
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https://courses.eas.ualberta.ca/eas451/radar%20section.pdf
https://www.physicsclassroom.com/class/light/Lesson-1/Polarization

System Characteristics — Polarization

unpolarized
M E

polarized

Source: https://courses.eas.ualberta.ca/eas451 /radar%20section.pdf,
NASA's Applied Remote Sensing Training Program https://www.physicsclassroom.com/class/light/Lesson-1/Polarization 16
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https://courses.eas.ualberta.ca/eas451/radar%20section.pdf
https://www.physicsclassroom.com/class/light/Lesson-1/Polarization

System Characteristics — Polarization

unpolarized Comple.Tely
unpolarized —

oscillates randomly

Completely polarized
— oscillates in plane of
polarized polarization

Partially polarized -
combination

Source: https://courses.eas.ualberta.ca/eas451 /radar%20section.pdf,
NASA's Applied Remote Sensing Training Program https://www.physicsclassroom.com/class/light/Lesson-1/Polarization 17



https://arset.gsfc.nasa.gov/
https://courses.eas.ualberta.ca/eas451/radar%20section.pdf
https://www.physicsclassroom.com/class/light/Lesson-1/Polarization

System Characteristics — Polarization

unpolarized

polarized

NASA's Applied Remote Sensing Training Program

Transmitted: always
polarized

Received: partially or
completely
unpolarized

Degree of
polarization =
polarized power/total
power

Source: https://courses.eas.ualberta.ca/eas451 /radar%20section.pdf,

https://www.physicsclassroom.com/class/light/Lesson-1/Polarization
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https://courses.eas.ualberta.ca/eas451/radar%20section.pdf
https://www.physicsclassroom.com/class/light/Lesson-1/Polarization

.

System Characteristics — Polarization

Most radars transmit and/or receive: horizontally polarized (H) or
vertically polarized (V)

B CCREJCCT

Source: Government of Canada

h NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/
https://www.nrcan.gc.ca/maps-tools-and-publications/satellite-imagery-and-air-photos/tutorial-fundamentals-remote-sensing/microwave-remote-sensing/radar-polarimetry/9275

System Characteristics - Phase and Polarization

.

 Vectors:
Head

— Quantity with:

1) Direction

2) Magnitude (length)
— Represented as an arrow, ordered list of numbers
— Denote using boldface or a
— Magnitude only using ||a|
— E.g. velocity (speed in a given direction)

Tail

h NASA's Applied Remote Sensing Training Program Infroduction to matrices — Source: Duane Q. Nykamp 20 ‘
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https://mathinsight.org/matrix_introduction

.

System Characteristics - Phase and Polarization

* Vectors:
Y
— Can represent vectors on a N Head at some
Cartesian (x, y) coordinate system 3 point

— Note: same notation for a vector &
point (point is a vector with its tail at

the origin) X €
— In linear algebra the tail is usually at Tail at origin 2
the origin

\4

h NASA's Applied Remote Sensing Training Program Infroduction to matrices — Source: Duane Q. Nykamp 21 ‘
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https://mathinsight.org/matrix_introduction

System Characteristics - Phase and Polarization

 Vectors:

— Coordinates of a vector is a list of
ordered numbers:

4

— Tells you how to get from tail to head X €

— Convention: write vertically with
square brackets

h NASA's Applied Remote Sensing Training Program Infroduction to matrices — Source: Duane Q. Nykamp 22 ‘
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https://mathinsight.org/matrix_introduction

System Characteristics - Phase and Polarization

* Vectors:
Y
— Easier to manipulate coordinates A
than direction & magnitude 3
Magnitude = length of vector X € >

lall = V27 +32

\4

h NASA's Applied Remote Sensing Training Program Infroduction to matrices — Source: Duane Q. Nykamp 23 ‘
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https://mathinsight.org/matrix_introduction

.

System Characteristics - Phase and Polarization

« Adding Vectors:

—-Eg.a+b a
— Translate b's tail to head of a o)

— New vector (c = a + b) is the direct
line segment of tail (a) to head (b)

— Order of addifion doesn’t mafter b
a+b=b+a

h NASA's Applied Remote Sensing Training Program Infroduction to matrices — Source: Duane Q. Nykamp 24 ‘



https://arset.gsfc.nasa.gov/
https://mathinsight.org/matrix_introduction

System Characteristics - Phase and Polarization

« Adding Vectors: + ]
— List of directions Y
A\
®
a
X < s >

h NASA's Applied Remote Sensing Training Program Infroduction to matrices — Source: Duane Q. Nykamp 25 ‘
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https://mathinsight.org/matrix_introduction

System Characteristics - Phase and Polarization

« Adding Vectors:

— Useful for visualizing something
called interference

Arrows represent different
waves; the product is the
sum of all amplitudes &
phases!

>
< 3 More on this coming up...

hreo’rN A's Apglied Remote Sensing Training Program Infroduction to matrices — Source: Duane Q. Nykamp
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System Characteristics — Phase and Polarization

« Interesting relationship between sine waves & circles

NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watchev=miUuchhW257Y 27 ‘
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https://www.youtube.com/watch?v=miUchhW257Y
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System Characteristics — Phase and Polarization

- Phase: stage of the wave cycle; measured in degrees or radians.

?0° =4 cycle

0° ?0° 180° 270° 360°

h NASA's Applied Remote Sensing Training Program Source: Lucas Vieira 28 ‘
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https://commons.wikimedia.org/wiki/File:Sine_curve_drawing_animation.gif

.

System Characteristics — Phase and Polarization

- Phase: stage of the wave cycle; measured in degrees or radians.

v 180° = % cycle
/}

X ¢ >
0° 90° 180° 270° 340°

h NASA's Applied Remote Sensing Training Program Source: Lucas Vieira 29 ‘
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https://commons.wikimedia.org/wiki/File:Sine_curve_drawing_animation.gif

.

System Characteristics — Phase and Polarization

- Phase: stage of the wave cycle; measured in degrees or radians.

270° =% cycle

0° ?0° 180° 270° 360°

h NASA's Applied Remote Sensing Training Program Source: Lucas Vieira 30 ‘
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https://commons.wikimedia.org/wiki/File:Sine_curve_drawing_animation.gif

.

System Characteristics — Phase and Polarization

- Phase: stage of the wave cycle; measured in degrees or radians.

Y 360° = full cycle
/}

X 4 >
0° 90° 180° 270° 360°

h NASA's Applied Remote Sensing Training Program Source: Lucas Vieira 31 ‘
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https://commons.wikimedia.org/wiki/File:Sine_curve_drawing_animation.gif

.

System Characteristics — Phase and Polarization

* Projection of the vector onto the y-axis is amplitude (A); at a given point in the
wave cycle

0° ?0° 180° 270° 360°

NASA's Applied Remote Sensing Training Program.. . . . . . . = 32 ‘
h aftfer: : : . ile:Sine_curve drawing animation.qif Source: Lucas Vieira
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https://commons.wikimedia.org/wiki/File:Sine_curve_drawing_animation.gif
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* Phase difference (¢): the offset, in time or space, of one wave with respect to another;
waves are in phase if their origins of phase 0 degrees are perfectly aligned. When this is
not met, waves are said to be out-of-phase.

System Characteristics — Phase and Polarization

* Initial phase: the stage in which a wave starts

A

Equal amplitude;
out of phase

n
i i
i (]
i (]
| (]
h NASA's Applied Remote Sensing Training Program Source: Peppergrower; Dr. Heather McNairn, Carleton University SAR summer course 33 ‘
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https://en.wikipedia.org/wiki/Phase_(waves)#/media/File:Phase_shift.svg

.

* Phase difference (¢): the offset, in time or space, of one wave with respect to another;
waves are in phase if their origins of phase 0 degrees are perfectly aligned. When this is
not met, waves are said to be out-of-phase.

System Characteristics — Phase and Polarization

* Initial phase: the stage in which a wave starts

Different
amplitudes; in
phase

h NASA’'s Applied Remote Sensing Training Program Source: Wikipedia; Dr. Heather McNairn, Carleton University SAR summer course 34 ‘
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https://en.wikipedia.org/wiki/Phase_(waves)

.

System Characteristics — Phase and Polarization

180° shift!

. —

Two waves are in
phase if they
begin at 0° and
end at 360° at the
same timel

d
In phase

h NASA's Applied Remote Sensing Training Program 35 ‘
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System Characteristics — Phase and Polarization

« Key in interferometric as well as in polarimetric SAR

% ime To+ At INTERFEROMETRY

/\/\;
R:

« Phase difference is impacted by the structure of the target

h NASA's Applied Remote Sensing Training Program Source: TRE ALTAMIRA: Dr. Heather McNairn, Carleton Summer SAR Course 36 ‘
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https://site.tre-altamira.com/insar/

System Characteristics — Phase and Polarization

« Phase information can be really useful; not always available/calibrated

« Two common types of data you will encounter:

— Phase information is available for Single Look Complex (SLC) products
« E.g. Radarsat-2 fine wide quad pol mode, raw SLC Sentinel-1 data

— Phase information is lost with Ground Range Detected (GRD) products
 E.g.Senfinel-1 GRD products (GEE)

h NASA's Applied Remote Sensing Training Program
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System Characteristics - Phase and Polarization

« How do we store intensity and phase information?e
— Complex Wave Description

Imaginary
dimension Complex
Number
 — _
< ;(—) Real
Phase dimension

h NASA's Applied Remote Sensing Training Program Source: Better Explained
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https://betterexplained.com/articles/a-visual-intuitive-guide-to-imaginary-numbers/

.

System Characteristics — Phase and Polarization

« Complex Wave Description
— Have both “real” & “imaginary” parts, expressed as:

X+ iy

— x &y are real numbers, i is the number whose square =-1 ... (i? =-1)

h NASA's Applied Remote Sensing Training Program Source: Better Explained 39 ‘
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https://betterexplained.com/articles/a-visual-intuitive-guide-to-imaginary-numbers/

System Characteristics — Phase and Polarization

Complex Wave Description

Negative Numbers (-x) Complex Numbers (a+bi)

How can you take the
square root of less then

How can you have less than
Strange because...

inae
OIS nothing?
Intuitive meaning “Opposite™ “YRotation”
Use in coordinates Go backwards from origin Rotate around origin

h NASA's Applied Remote Sensing Training Program Source: Better Explained 40 ‘
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https://betterexplained.com/articles/a-visual-intuitive-guide-to-imaginary-numbers/

.

System Characteristics — Phase and Polarization

« Complex Wave Description

Imaginary 2| = Vx* +y?
dimension
Complex
/]\ Number
y -----------
< > Readl
Phase % dimension

h NASA's Applied Remote Sensing Training Program Source: Better Explained 41 ‘
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« Consider a shape traced by the tip of a rotafting vector, projected onto a plane
Y

System Characteristics - Phase and Polarization

« Describes the orientation & shape traced by the wave's electric field

Linear
Vertical

h NASA's Applied Remote Sensing Training Program 42 ‘
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.

« Consider a shape traced by the tip of a rotating vector, projected onto a plane
Y

o /
////// Linear
: / Vertical

System Characteristics - Phase and Polarization

« Describes the orientation & shape traced by the wave's electric field
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System Characteristics - Phase and Polarization

radar antenna
transmits vertically

polarized energy
‘ " toward the earth
= —>>

vertical
receive «—

radar antenna
transmits horizontally
polarized energy
toward the earth

HH

—>

vertical
send

Dy

vertical
filter

backscattered vertically
polarized energy from earth
is received by the antenna

horizontal
send

C. @@J@

horizontal
receive

filter

L//L/

NASA's Applied Remote Sensing Training Program

Source: https://courses.eas.ualberta.ca/eas451/radar%20section.pdf,
https://www.physicsclassroom.com/class/light/Lesson-1/Polarization

44
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https://courses.eas.ualberta.ca/eas451/radar%20section.pdf
https://www.physicsclassroom.com/class/light/Lesson-1/Polarization

System Characteristics - Phase and Polarization

« Orientation Angle

— Convention: measure from positive horizontal x-axis in anti-clockwise direction
— Range from 0-180°, represented using y (Psi /'sa1/)

: Y
Two very important 105°
orientation angles to
remember!
X
W for linear W for linear
horizontal vertical
= 90°

—_— OO
NASA's Applied Remote Sensing Training Program
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System Characteristics - Phase and Polarization

« Three canonical states of polarization

Y
A AN

X IV
/

Elliptical Circular Linear

h NASA's Applied Remote Sensing Training Program Source: recreated after hitps://eo-college.org/
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System Characteristics - Phase and Polarization

.

« Any polarization state can be described by two linear, orthogonal waves! (as long
as the phase between them is also measured!)

-« Vertical (Ey) & horizontal (Ej)

h NASA's Applied Remote Sensing Training Program
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System Characteristics - Phase and Polarization

- Circular polarization
— Superposition of two linear, orthogonal waves
— 90°0out of phase
— Equal amplitude

Y 1 Y I

"~ I

h NASA's Applied Remote Sensing Training Program Source: Edmund Optics
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System Characteristics - Phase and Polarization

- Circular polarization
— Superposition of two linear, orthogonal waves
— 90°0out of phase
— Equal amplitude

h NASA's Applied Remote Sensing Training Program Source: Edmund Optics
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https://www.edmundoptics.com/knowledge-center/application-notes/optics/introduction-to-polarization/

System Characteristics - Phase and Polarization

.

- Circular polarization

— Superposition of two linear, orthogonal waves Viewed from the
— 90°0out of phase wave source (S):
— Equal amplitude the electric vector
IS spinning
Y _ - ‘ " \ clockwise

v‘ Yo SN
SER AT

‘ VA

S\ /7

h NASA's Applied Remote Sensing Training Program Source: Edmund Optics; /ca/search2k=%22face+silhouette%22 50 ‘
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https://www.edmundoptics.com/knowledge-center/application-notes/optics/introduction-to-polarization/
https://stock.adobe.com/ca/search?k=%22face+silhouette%22

System Characteristics - Phase and Polarization

« Three canonical states of polarization

Y
A AN

X IV
/

Elliptical Circular Linear

h NASA's Applied Remote Sensing Training Program Source: recreated after hitps://eo-college.org/
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System Characteristics - Phase and Polarization

« EHlliptical polarization
— Superposition of two linear, orthogonal waves

Can describe any

wave using just 2
orthogonal

components (usually

H and V)
NASA's Applied Remote Sensing Training Program Source: Edmund Optics 52 ‘
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https://www.edmundoptics.com/knowledge-center/application-notes/optics/introduction-to-polarization/

System Characteristics - Phase and Polarization

« Ellipticity/eccentricity

— Degree of non-circularity

— A function of the semi-major and semi-minor axes, a and b
— Range from -45° and +45°, represented using y Chi /'ka1/

h NASA's Applied Remote Sensing Training Program

x = 34°

Source recreated after: Government of Canada
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https://www.nrcan.gc.ca/maps-tools-and-publications/satellite-imagery-and-air-photos/satellite-imagery-products/educational-resources/tutorial-radar-polarimetry/the-polarization-ellipse/9575

.

System Characteristics - Phase and Polarization

- Don't forget there is a vertical (E,) and horizontal (E,) component
- Wave tends toward horizontal as E,, component fends fo zero & vice versa

Same system can
measure circular,
linear, and or
ellipticall

h NASA's Applied Remote Sensing Training Program Source recreated after: Government of Canada 54 ‘
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System Characteristics - Phase and Polarization

.

« x - ellipticity (extent to which the shape is oval)

« W - orientation angle (measured counter clockwise from positive X) dquﬁTqOer
x =0° x =34 x =45 for
W = 45° W =45 s circular!

Y ¥

h NASA's Applied Remote Sensing Training Program Source recreated after: Government of Canada
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System Characteristics - Phase and Polarization

 Elliptically & circularly polarized waves have a direction of rotation
« "Handedness” tells us if the vector tip is rotating clockwise or anti-clockwise

« Butfimagine viewing it from the other directione

Y +y

Source

Anti-

clockwise Clockwise
LEFT handed RIGHT
handed

h NASA's Applied Remote Sensing Training Program Source: Eric POTTIER; https://stock.adobe.com/ca/searchek=%22face+silhouette%22 56 ‘
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http://seom.esa.int/polarimetrycourse2017/files/materials/PolSAR_theory_EPottier.pdf
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System Characteristics - Phase and Polarization

- Coordinate system defined by 3 axes (X, Y nn
ol

and Z)

..
. Two conventions Z>[

FSA

1) Forward Scatter Alignment (FSA)
— Positive z always points in the direction of

travel "” BSA
2) Back Scatter Alignment (BSA) [/ (/,( éx
— Positive z always points toward the target e

— *More common

Image recreated after: Gabriel Vasile, Nikola Besic.
NASA’s Applied Remote Sensing Training Program Fundamental of Remote Sensing: SAR polarimetry. GIPSA-lab. 57
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System Characteristics - Phase and Polarization

— Completely unpolarized — oscillates randomly; no clearly defined polarization
— Completely polarized —oscillates in plane of polarization at all times

— Partially polarized — combination; superposition of many different polarizations;
one or more dominate

Linear polarized light
with one plane of oscillation

Polarization filter
Unpolarized light with vertical passage

h NASA's Applied Remote Sensing Training Program Source: Baumer
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System Characteristics - Phase and Polarization

.

« Transmitted wave completely polarized
« Scattered wave depends on:

1) Coherent targets
— Backscatter completely polarized (e.g., buildings)

2) Incoherent targets
— Backscatter partially or completely unpolarized (e.g., trees)

—Depolarization from multiple bounces within the medium of randomly
oriented structures

« Degree of polarization = polarized power/total power

h NASA's Applied Remote Sensing Training Program Source: Baumer
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Common SAR Imaging Modes

radar antenna
transmits vertically

polarized energy vertical
send

toward the earth
—»>

vertical

Different polarization .
configurations; rep. by two e
letters >

L backscattered vertically
polarized energy from earth
is received by the antenna

. . . radar antenna
transmit polarization fif) transmits horizontally
toward the earth horizontal
. recewe polarization 1

/;\
N
\
\

Typically H: linear horizontal & V: horizontal

horizontal filter

linear vertical <

L//L/

Source: https://courses.eas.ualberta.ca/eas451/radar%20section.pdf,
NASA’s Applied Remote Sensing Training Program https://www.physicsclassroom.com/class/light/Lesson-1/Polarization 60
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Common SAR Imaging Modes

 Wave arrives polarized (e.g., H or V) E,

 Onlyrecord a portion of what is scattered back toward the sensor

Transmit H

Receive V Receive H

A" HH

NASA's Applied Remote Sensing Training Program
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Common SAR Imaging Modes

 Retfurns
— Proportional o target cross section; amount of energy hitting the target
— Oirientation and polarization we fransmit determines amount of return

Return for HH
indicated by red

Return for VV
indicated by blue

NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watch2v=cQl49s0Sc2g 62 ‘
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Common SAR Imaging Modes

 Retfurns
— Proportional o target cross section; amount of energy hitting the target
— Oirientation and polarization we fransmit determines amount of return

Return for HH
indicated by red

Return for VV
indicated by blue

NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watch2v=cQI49sOSc2g 63 ‘
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Common SAR Imaging Modes

 Retfurns
— Proportional o target cross section; amount of energy hitting the target
— Oirientation and polarization we fransmit determines amount of return

Return for HH
indicated by red

Return for VV
indicated by blue

NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watch2v=cQl49sO0Sc2g 64 ‘
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Common SAR Imaging Modes

 Retfurns
— Proportional o target cross section; amount of energy hitting the target
— Oirientation and polarization we fransmit determines amount of return

Return for HH
indicated by red

Return for VV
indicated by blue

NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watch2v=cQI49sOSc2g 65 ‘
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Common SAR Imaging Modes

« Co-pol: HH or VV
 Cross-pol: HV or VH

Receive H

VH

NASA's Applied Remote Sensing Training Program
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.

Common SAR Imaging Modes

» Surface scattering: returns are « Volume scafttering: multiple
mostly in the same polarization bounces within the medium of
as the tfransmitted pulse randomly oriented structures

depolarizes the signal

.

Surface

Volume

h NASA's Applied Remote Sensing Training Program
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Common SAR Imaging Modes

HH

Transmit

Receive

Receive

Transmit

VH

Transmit

Receive

Transmit

'A%

NASA's Applied Remote Sensing Training Program
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Common SAR Imaging Modes

Low Medium Bright

iy
iy
g

h NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watchev=cQIl49sOSc2g
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Common SAR Imaging Modes

Low - HH
- VV
- HV
VH

dual (with |- HH and HV
and without |- VV and VH
High phase) - HH and VV

h NASA's Applied Remote Sensing Training Program

single

nformation Content

Processing/Storage
Power Requirements
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Common SAR Imaging Modes

Receive

Transmit

HH & HV

Receive

VV & VH

Transmit

Receive

HH & VV

Transmit

“Standard’: intensity
only
“Coherent”: relative
phase

NASA's Applied Remote Sensing Training Program
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Common SAR Imaging Modes H and V in phase: “in” ﬂ

H and V out of phase: “out”

o

Co-pol phase

difference: HH-VV
h NASA's Applied Remote Sensing Training Program Source: L3Harris Geospatial Solutions, Inc.
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Common SAR Imaging Modes

% % -IGE) Low : HH

O £ ¢ single vy

S5 3 _ HV

~~ D - VH

O) C

€ o 9 dual (with |- HH and HV

> g and without |- VV and VH

S 2 5 ° phase) |- HH and VvV

o £ € ™" [ polarimetric |- HH, VV, HV, and VH

h NASA's Applied Remote Sensing Training Program 73 ‘
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Common SAR Imaging Modes

« Two orthogonal polarizations on fransmit & receive (typically H & V)
« Switch directs energy to the H & V parts of the antenna in sequence

h NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

.

Common SAR Imaging Modes

Rough Volume Double

N

g

h NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watchev=cQl49sOSc2g
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Common SAR Imaging Modes

* Pros of fully polarimetric SAR:

— Complete scattering characteristics

— Can perform polarization synthesis

h NASA's Applied Remote Sensing Training Program
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Common SAR Imaging Modes

.

« Cons of fully polarimetric SAR:

— 2X pulse repetition frequency (data rate) & power usage of dual pol SAR
— Available power & data rate extremely limited for spaceborne platforms

— To keep power use constant, swath often 2 of dual-pol

h NASA's Applied Remote Sensing Training Program
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Common SAR Imaging Modes I :

« Compact Pol (CP)
— Transmit one polarization; receive two orthogonal polarizations & relative phase
— Circular-Linear or CL is preferred
« H & V fransmitted simultaneously & ?0° out of phase (R or L)

* Dualreceive linearly-polarized (H or V)

— Satellites with CP opftion: ALOS-2, RISAT-1, SAOCOM, RCM, NISAR

h NASA’s Applied Remote Sensing Training Program Information Source: Dr. Keith Raney, Johns Hopkins University 78 ‘



https://arset.gsfc.nasa.gov/

Common SAR Imaging Modes

« Right hand circular transmit

« Receive: H & V intensity AND their relative phase recorded simultaneously

h NASA's Applied Remote Sensing Training Program
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Polarimetry

an electromagnetic field” — Eric Pottier

NASA's Applied Remote Sensing Training Program

Source: Wolfgang-Martin Boerner

)

2)

... sclence of acquiring, processing & analyzing the polarization state of

Transmit: fully
polarized

Receive: multiple
waves, variety
amplitudes, phases,
partially or completely
unpolarized
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Learning Objectives

« Polarimetry
— Review of vectors and matrices
— Commonly used vectors and matrices
— Decomposition

h NASA's Applied Remote Sensing Training Program
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Polarimetry

* Matrix;

1 2 1 1 2 3 1
— Array of numbers 2 2 2 2 9 7 7

— Arranged in m rows & 6 4 2

n columns 2X3 2X1 3X3

— Vector: matrix with 1 ’T‘
row or 1 column -> by
default column vectors

Dimensions (rows and columns) tell us the size

Say “two (rows) by three (columns)”
NASA's Applied Remote Sensing Training Program 82 ‘
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Polarimetry

 Matrix;

— For matrix A...

— Elemen’ris first row,
third column =1 6

- Elemen’ris first row,
second column =3 ") @
7
4

—is second row, third
column=7

h NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Polarimetry

 Vectors vs Matrices:

H 18 3]
2

Vector

Ordered list

of numbers;

one row or
column

h NASA's Applied Remote Sensing Training Program

2 3 1
9 7 7
6 4 2

Maitrix

Array of
numbers, one
or more
rows/columns
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Polarimetry

« Transposing a matrix A:
— Mirroring a matrix at the main diagonal

— Superscript T reminds us it has been
transposed (A7)

1
A=[J AT =1 2]

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Adding and Subtracting Matrices:

— For two matrices A and B; add/subtract elements at same position
— Dimensions have 1o be the same (if not the same = undefined!)

C=AxBHB
:[2 5]+[1 5]
6 7 6 3

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Adding and Subtracting Matrices:

C=A-B
::F ﬂ_r 5
6 71 l6 3
_[1-6 4-5
6—6 7—3

h NASA's Appl ied Remote Sens ing Tra ining Progra m
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Polarimetry

« Multiplying matrices: 1 4] [2 -1
= [6 7]’( [3 2 ]
— More complicated!

— As shown, is a construct (could have

done it many different ways!) 2Q2) (k2
— Only works when the number of

columns of A = the number of rows of B
— Order matters! AxB is not always = BxA

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Multiplying matrices:

— Top left entry: product of first row with
first column =[(1)(2) +(4)(3) ]

h NASA's Applied Remote Sensing Training Program
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.

Polarimetry
« Multiplying matrices: i
16 71713 2
— Top right entry: product of first row with
second column =[(1)(2) + (4)(3) (1)(_1) + (4)(2)]

h NASA's Applied Remote Sensing Training Program
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Polarimetry

.

« Multiplying matrices: q _1
N 2
— Botftom left entry: product of second
row with first column =[(1) (2)+®B) (WD) + (4)(2)]
(6)(2) + (7)(3)

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Multiplying matrices:

— Bottom right entry: product of second
row with second column W@+ @A) (DD + (4)(2)]

1O@) +(B) (B)(=1) + (7)(2)

h NASA's Applied Remote Sensing Training Program
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.

Polarimetry

« Multiplying matrices: 1 4] [2 -1
_[6 7]’( [3 2]

M+ @B) WD+ (4)(2)]
(6)(2)+ (N3 (6)(-1)+ (7(2)

14 7
33 8

h NASA's Applied Remote Sensing Training Progra m
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Learning Objectives

« Polarimetry
— Review of vectors and matrices
— Commonly used vectors and matrices
— Decomposition

h NASA's Applied Remote Sensing Training Program
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.

Polarimetry

Linear polarized at 45°

- “"Wave vector” is the simplest Y
way to describe wave
polarization mathematically

- However, it's not always
practical!

h NASA's Applied Remote Sensing Training Program
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Polarimetry

Stokes parameters were intfroduced
— Can fully describe completely & partially polarized waves

C 1LQUD

Or ...

- 80, 51,52, 83
Or...

— 51, 52,53, 54

h NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Information source: https://www.youtube.com/watch2v="

Polarimetry
Linear polarized at 45°

* Stokes Parameters (I, Q, U, V) Y

1= (Ey ) + (E3)

— | Total power/intensity

— Why square amplitudese X
Total amount of energy in the wave!

— ( ) means average over time (hecessary for
waves are partially polarized)

— No polarization information!

- Ampli’rude:\/(Eﬁ ) + (EZ)

NASA's Applied Remote Sensing Training Program
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Polarimetry

Stokes Parameters (I, Q, U, V) Y
Q =(Ey ) - (Ef)

— If we want to know how linearly polarized
a wave is, take the difference between
H & V components! X

— Tells us the extent to which a wave is
Vertically or Horizontally oriented

— Q> 0 more vertically oriented

— Q <0 more horizontally oriented

NASA’s Applied Remote Sensing Training Program Information source: https://www.youtube.com/watchgv=_bX1YrgB8ul 78 ‘
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Polarimetry

 Stokes Parameters (I, Q, U, V) Y
U
45°

— We need another term because if oriented at

45° or -45°, the wave would still be linearly

polarized but Q would be 0, but the wave would

still be polarized X
— U tells us the extent to which a wave is polarized

at 45° or -45°
— U >0 more 45° -45°

— U <0 more -45°

h NASA's Applied Remote Sensing Training Program Information source: https://www.voutube.com/watch2v= bX1YraB8ul



https://arset.gsfc.nasa.gov/
https://www.youtube.com/watch?v=_bX1YrqB8uI

Polarimetry

« Stokes Parameters (I, Q, U, V)

IV
— Tells us about handedness
— V >0 leff handed

— V <0rnght handed

Anti-clockwise Clockwi
LEFT handed OCKWISS

RIGHT handed
h NASA's Applied Remote Sensing Training Program Source: Eric POTTIER; https://stock.adobe.com/ca/searchek=%22face+silhouvette%22 100 ‘
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Polarimetry

/ Unpolarized

cr=(| ez E=E
cQ=(| - (—)7 :
U=/ -\ :
V=) - (O :

Define
polarization state

& there is none!
NASA's Applied Remote Sensing Training Program Source: htips://www.youtube.com/watchgv= bX1YrgB8ul 101 ‘
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Polarimetry

Unpolarized Vertical
1= (] ) () * *
cQ=( |- ()3 : *

u=( /- (\)? : :
v=(Q) - 1(O) : :

h NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watchev=_bX1YrgB8ul 102 ‘
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Polarimetry

Unpolarized Vertical -45
1= (] ) () * ' *
cQ=( |- ()3 : ' :

u=( /" )?-("\)? 0 0 '
v=(Q) - (D) : : :

h NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watchgv=_bX1YrgB8ul 103 ‘
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Polarimetry

Unpolarized Vertical -45 RHC
. I — ( )2 + ( )2 + + + +
cQ=( |- ()3 : ! : :

u=(/)7-1'\)? : : ' :
v=()P-((O) o o o !

h NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watchev=_bX1YrgB8ul 104 ‘
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Polarimetry

.

« Stokes parameters can also measure degree of polarization (m)

polarized power _ /Q%2+U2+V?2
total power I

m =

- m =1 completely polarized
— m =0 completely unpolarized

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« But what about quad pol datae

Receive

=

HH HV

Transmit Transmit
<
<= /N __
Receive Receive

VH

Transmit
~

« Need at least two sets of Stokes vectors!

h NASA's Applied Remote Sensing Training Program
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Polarimetry

.

« For fully polarimetric SAR data the Stokes vector is not the most efficient
« Scattering Matrix [S]

Eq| [Shh Shv] E}
E3 Svn Spw Ef;
S= scattered i = incident
wave wave

» First subscript of 5, is transmit; second is receive polarization

h NASA's Applied Remote S
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p and g can be any pair of
polarizations as long as they are
orthogonall 108
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Polarimetry

Scattering Matrix [S]

Shh Shv
Svh va

4 complex numbers
Co-pol: HH & VV
Cross-pol: HV & VH

h NASA's Applied Remote S
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Polarimetry

.

- Scattering Matrix [S]

EZl  [Swn  Swo] |ER
Eq}q Svh Sww Ef,

— Describes the fransformation of the incident wave to backscattered wave

h NASA's Applied Remote Sensing Training Program
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Product Explorer X |PixelInfo |
= & [1] RS2-5LC-FQ2W-ASC-16-Apr-2012_00.08-PDS_02197040
- @0 Metadata

Polarimetry Shh - Shy &8 vear o

@[22 Tie-Point Grids

S 5 + 2 Quicklooks
. =.53 Bands
vh (4% — e
' > B onH
£} Intensity_HH
-l i_HV
B o
[ intensity Hv
= EA
B qw
-} Intensity_VH
B iw
-l a_w

[ intensity_vv

Real

\4

Imaginary
NASA's Applied Remote Sensing Training Program 111 ‘
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- Total Power (total power scattered back in the direction of the antennaq)

Total Power or SPAN = [Syu|? + |Shy|? + 1Spn|? + [Syy|?
=|Shnl? M |Suw |
h NASA's Applied Remote Sensing Training Program 112 ‘
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Polarimetry

1) Forward Scatter Alignment (FSA)
— Positive z always points in the direction of travel

2) Back Scatter Alignment (BSA)
— Positive z always points toward the target

Take home: BSA is more commonly used. The scattering matrix takes on
different forms depending on convention.

h NASA's Applied Remote Sensing Training Program
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Polarimetry

.

Target vector (Linear Basis)

— [S] has three independent parameters

— Can also define a vector instead of a matrix
— For linear coordinates we use:

Just reminds
us it has been
transposed

These are

complex ﬂH + Sy + Syv]’

numbers

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Target vector (Pauli basis)

— Sum and difference of co-pol, twice cross-pol
1

to normalize result
V2

1
kP — ﬁ [Shh + Sup Shn— Spp ZShv]T

Rough Double ; Volume
h NASA's Applied Remote Sensing Training Program 115 ‘
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Polarimetry

« Other matrices defined from target vectors
« Second order descriptors of [S]

« Statistical inter-relationship

« Averaging

— Linear basis (k) for covariance matrix [C]

— Pauli basis (kp) for coherency matrix [T]

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Covariance Matrix [C]
— Multiply k by its conjugate transpose
— For polarimetric channels, characterizes their degree of similarity

S
C=kk"= \/ESHV [S;:IH \/ZS;IV SI;V]
| Svv |
1Stn |2 V2SuuSiv  SuuSvv

=\[V2SuvStiy  21Suvl*  V2SuySpy
( ) brackets

K - SvvSau \/iSVVSI’QV 1Syv|?
indicate /
averaging

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Covariance Matrix [C]
— 9 elements
— 3 real: intensities (diagonal)
— 6 complex: degree of similarity between polarimetric channels

S
C=kk™" =|[V2Syy [S;IH \/ES;IV S;V]
| Svy |
ISunl?  V2SuuSivy  SunSiv
=\|V2SuySiy  2ISuvl*>  V2SuySpy
 SwwShim V2SyyShy N&

... Total power is sum of 3 diagonal elements
NASA's Applied Remote Sensing Training Program 118 ‘
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.

(a+bi) (a-bi)

(2‘+Qi) gz-?i)

: =4-6i+6i-9i?
Imaginary
dimension A (i2=-1)

Polarimetry

How we get power values along the diagonal:

SHH
V2Suy | (Shu W2Shy  Spv]
Syv

C=kkT=

(Suul>  V2SuuSiv  SunSvv
=([V2SuySin  2ISuvl?  V2SuySiy
SyvSim V2SyvSiy [Syv 2

=4-694-9(-1)

=4+9

Reql <€
dimension

. Complex =
VY  a-bi .
conjugate
NASA's Applied Remote Sensing Training Program Source: https://www.youtube.com/watchev=7xLyBIBto |
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.

Polarimetry

« Covariance Matrix [C]
- C,, & C,,: close to zero for natural targets (e.g. wetlands)
— C,, & C,;: have some useful info in urban area/anthropogenic targets

— C,5: phase difference between HH and VV (used to distinguish odd (0°) from
even bounce (180°))

Suul>  VZ2SuuShy  SunSpv
= |V2Suy S 2|Syy |2 \/iSHVSI;V
- SvvShu V2Syy Sty |Syy |2

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Coherency Matrix [T]
— Multiply kp by its conjugate franspose

— For polarimetric channels, characterizes their degree of similarity

h NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Polarimetry

.

- Are |C| and |T| equivalente
— Can transform one into the other

— Same information about: correlations, phase angles, amplitudes

— |T| provides better physical interpretation, elements more related to
geometric & physical scattering process

h NASA's Applied Remote Sensing Training Program Source: Eric POTTIER
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Polarimetry

Matrices for Complex Data Number of
Channels

i i

s4c: non-symmetrized scattering matrix (single-look only)

$3c: symmetrized scattering matrix

s2c: incomplete scattering matrix (dual-pol single-look only)

s1c:iincomplete scattering matrix (single-pol single-look only)

cdréc: non-symmetrized covariance matrix (best for multi-look)

C3r3c: symmetrized covariance matrix

c2rl1c: incomplete covariance matrix (best for dual-pol multi-look)

t4ré6c: non-symmetrized coherence matrix (best for multi-look)

T3r3c: symmetrized coherence matrix

k16r: non-symmetrized Kennaugh matrix (best for multi-look)

K9r: symmetrized Kennaugh matrix

NASA's Applied Remote Sensing Training Program

Source: PClI Geomatics Enterprises, Inc.
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Polarimetry

« What about coherent dual pol data?
« Can construct 2x2 covariance matrix

« CoO or cross-pol

s
C = kk'T = 5:5] S Siv]

_ || 1Suul® SuuSvy
SyvSun  Syvl?

h NASA's Applied Remote Sensing Training Program
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Learning Objectives

« Polarimetry
— Review of vectors and matrices
— Commonly used vectors and matrices
— Decomposition

h NASA's Applied Remote Sensing Training Program
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Polarimetry

« Polarimetric decomposition

— Describes scattering properties

— Partitions total power into relative contributions of different, idealised scatterers
— Makes interpretation easier!

« Methods
— Coherent (unnatural targets)
— Incoherent (natural targets)

h NASA's Applied Remote Sensing Training Program
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Polarimetry

.

Coherent Decomposition

— Direct interpretation of the scattering matrix [S] is difficult

— Express [S§] as the combination of responses from simpler (canonical) objects
— Coherent targets/point/pure targets: phase is known & predictable

— E.g., urban areas

NASA's Applied Remote Sensing Training Program
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Polarimetry

* |Incoherent Decomposition
— Speckle 2 must characterize some targets statistically -2 [C] and [T]
— Direct interpretation of the scattering mairix [C] and [T] difficult
— Incoherent targets

— E.g., forested areaqs
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Polarimetry [7] [C] I :

Eigen—bosed Model Based

. Decomposition
Decomposition
[S] S. R. Cloude (1985) A. Freeman (1992)
Coherent
Decomposition W. A. Holm (1988)

W. Pauli (1900-1959)

E. Krogager (1990 Eigenvectors/Eigenvalues Analysis
gager { ) Eigen-based/model

Based Decomposition

W. L. Cameron (1990) S. R. Cloude & E. Pottier
(1996-1997)

J. J. Van Zyl (1992)
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Polarimetry

Cloude-Pottier Decomposition
— Eigenvector Eigenvalue based decomposition of [T]
— From this we get three secondary parameters

1) Entropy (H)

2) Anisotropy (A)

3) Mean Alpha angle (a)
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Polarimetry

« Entropy (H)

— Degree of randomness

— H =1 - distributed target

— H =0 -> pure target, one
scattering mechanism

— When H>0.7 hard o
discriminate; Anisotropy
complements value
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Polarimetry

* Anisotropy (A)

— Relative importance between
second & third mechanisms

— A>0
— Low: third mechanism
contributes significantly
to total power
— High: only second
mechanism contributes
significantly to total
power
— A =0 contributions from
second & third mechanism are
equal

NASA's Applied Remote Sensing Training Program
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Polarimetry

 Mean alpha angle(a)

— Can be used to determine
dominant scattering
mechanism

- 0-90°
— Low (0-45°): surface

— Intermediate (~45°): volume

— High (>45°). double

. . . i SR LB S e B
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Additional Resources

 Polarisation: Applications in Remote Sensing Shane R. CLOUDE Oxford University
Press, October 2009, pp 352 ISBN: 978-0199569731

« Polarimetric Radar Imaging: From basics to applications Jong-Sen LEE - Eric
POTTIER CRC Press; 1st ed., February 2009, pp 422 ISBN: 978-1420054972

 Polarisation: Applications in Remote Sensing Shane R. CLOUDE Oxford University
Press, October 2009, pp 352 ISBN: 978-0199569731

« Polarimetric Radar Imaging: From basics to applications Jong-Sen LEE - Eric
POTTIER CRC Press; 1st ed., February 2009, pp 422 ISBN: 978-1420054972
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http://step.esa.int/docs/tutorials/S1TBX%20Polarimetry%20with%20Radarsat-
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NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/
https://earth.esa.int/documents/653194/656796/Polarimetric_Decompositions.pdf
http://seom.esa.int/polarimetrycourse2017/files/materials/PolSAR_theory_EPottier.pdf
http://step.esa.int/docs/tutorials/S1TBX%20Polarimetry%20with%20Radarsat-2%20Tutorial_v2.pdf

ical Part 1:
d Parameters

Ve

e
O
O
—

o .
-

——

-Der

Ime
ty

Polar
INntens




Intensity-Derived Parameters ﬂ

Total Power (Span)

Radar Vegetation Index
— Radar Forest Degradation Index

— Biomass Index
— Canopy Structure Index

Co-Pol and Cross-Pol Ratios (HH/VV, HH/HV, VV/VH)
— Integrates backscatter from different polarizations to one value.

— Like optical indices, mitigates system error and noise

— Assuming calibration error the same for all polarizations, a Ratio or Index may mitigate
some error AND may mitigate some of the impacts with changes in incidence angles
(between imagery)

— Generally requires fully polarimetric data (like RCM, SAOCOM, etc.) but newer indices
and ratios are being generated with Sentinel-1 SLC data
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Span

Total Intensity (Span)

A quantity giving the total power (intensity) received by the four channels of a
fully polarimetric radar system.

In terms of the scattering matrix, the total power is equal to the sum of all the

Mmatrix elements.
Span = HH + 2HV + V'V

Low Span in bare agricultural fields due
to the quasi-specular reflection of the
SAR waves

High Span in mixed forest and shrub
areas due to the high radar return
linked to volume scattering
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Radar Vegetation Index & Other Indices ﬂ

 The Radar Vegetation Index (RVI) is used to estimate vegetation conditions, similar to
NDVI

« HV backscatteris highly impacted by vegetation
« 8isascaling factor (as HV values are lower compared 1o HH & VV)

8 Thuv

RVI = —
Ohh + Oyy + 2{'}";“;

« Ofherindices available in SNAP:

— Radar Forest Degradation Index
— Biomass Index

— Canopy Structure Index

— Biomass Index

 When using these, try to understand the physics behind them and whether or not they
will be useful for your application.
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emporal RVI

Carman, Manitoba, Canada

o 125 25 5 Kilometers 0 125 25 5 Kilometers o 125 25 5 Kilometers

July 19, 2020 August 16, 2020 September 17, 2020
Value
g ™ High :1
Declining RVI values as the growing season winds down. N
Low: 0
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Intensity Ratios: Cross Pol, Co-Pol Ratios

- Integrates backscatter from different polarizations to one value
- Correlations have been found with simple ratios and LAI, Biomass, etc.

Cross pol ratio = HH/HV

Cross pol ratio = VV/VH

Co pol ratio = HH/VV

RS2 derived LAl map on June 24th

Legend Correlations Between SAR Parameters and LAI
’ Wheat Oats Barley
-0.78 -0.73 -0.75
0.84 0.71 0.80
I 0.69 0.75 0.80
8 Correlation Coefficients (R)

Crop_Type
[ Bariey
[Joat

Spring Wheat

NASA'’s Applied Remote Sensing Training Program




Generating Polarimeiric Parameters in SNAP

L.

Radiometric Conversion

POLARIMETRIC PARAMETERS

Speckle Filtering

Geometric Correction

Final Polarimetric
Parameters
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RCM Fully Polarimetric Imagery

Slant Range SLC Product (Single Look Complex)

« Eachimage pixel is represented by a complex
(real | and imaginary Q) magnitude value.

« No interpolation into ground range coordinates is
performed during processing for SLC image
products, and the range coordinate is given in
radar slant range rather than ground range (i.e.,

Sub-satellite

the range resolution is measured along a slant TR N S s
path perpendicular to the track of the sensor). : [ [ T
» The processing for all SLC products covers a o s g
single look in range and azimuth direction:s. RCM SAR Beam Modes — Revisit Time: 4 days

T O e ) E—
Mode G X G (accessible) NESZ HH+VV+
° km (cB) HV+VH
-24 Yes

Quad-Polarization 20 (250)
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RCM Fully Polarimetric Imagery

Slant Range SLC Product (Single Look Complex)

Gouvernement
du Canada

Government

I * of Canada

Lianyais

Search the website

MENU «

Canada.ca = Natural Resources Canada =

Maps, Tools and Publications

=3

= Satellite imagery and air photos

Start 7 § Map Options

Welcome to the EODMS (Earth Observation Data Management System)
Data

-

Download Emergency Flood Maps $ &
NOAA/METOP AVHRRES
Account
Register (for Download) @
Login®, @
Trending
REST,OGC AP (Follow us GitHub &)
RADARSAT-1 COGs on AWSO 8
RCM Vetted Access $3 82 82 GC NMSO[M)

Aerial Photo Prices 3
Quick Start Guide

Data Services 101 £8
More
Contact Us[E]

i’l 000Kkm:
500mi

CANADA

A Edmanton_

- Earth Observation Data Management System

L~
Salect Any of the Folkowng @ a
2 W Al Collections
1 Aerlal Photo . = i o
Mational Air Photo Library [Oniine] Pofsge la - |
Cwee six milbon aenal pholographs. covenng all of Canada come of which daie back to ihe F—— - ! E o
1820 \ i

Wienigeg

Surveyor General Alr Photos [Online] \
Survinyil General A Phalis Corta \ a
W Radar Satellites . ¥
& RCM Imags Products [Onling] \
Tha RACMRSAT Constalation Misson (RCM) s Canada’s new genecation of Earth s Ui
chisorvation saleliles bringing $okmions 1o key challenges for Canadians. Public actess s » e
limilid 1 GRO and GOD products over Canada Land coarses of equal 1o 16 m \ s Cannie
COSMO-SKYMED [Online] X = 7%
Caorateliation of small satediles for the Medilerranean basin observation. For more inda 3 8
hilps:idireciory eoportal orgweb/ecporiabisatelie.missaons/c-missons/cosmo. skymed S le
RADARZAT-1 Open Data Products [Online] = e
Maed to Register and Lagin 1o Downdoad. Search  open o all. Developed and oparaled
by the Canadian Space Agency, it is Canada’s firsl commercial Earh observation satedite
1 RADARSAT-1 Raw Catalog [Online] reum LS |
R dala Calaiog (e, fodlpants and quecklooks) Irom the RADARSAT-1 satelile - -

[r—

o

L

| + Select Dates i
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+ Sebect an Area of Interest

Submit Search
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Radiomelric Conversion ﬂ

 SAR SLC products are complex and must be converted to intensity and phase
channels.

« The conversion is mission-specific, and for polarimetric processing the data must
be complex.

 Look Up Tables (LUTs) provided with the RCM SLC products are used to convert DN
to complex real and imaginary bands.

« SNAP will automatically determine what kind of input product you have and what
conversion needs to be applied based on the product’s metadata.
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Open RCM Image in SNAP B

File Edit View Analysis Layer Vector Raster Optical Radar Teols Window Help
a% Shd PR T MOl

Product Explorer

« Start the SNAP tool. Be sure to unzip
the RCM image.

 Inthe SNAP interface, go to File
menu >> open product.

* Click through the RCM folders until
you find the manifest.safe file, select
‘Advanced’ & ‘Yes'.

* You can also “Drag and Drop” the
folder into the SNAP Product

-3 Metadata
I:l Vector Data

- (@3 Tie-Point Grids
-3 Quickiooks
=23 Bands

B i_HH

B8 q_HH

[ Intensity_HH
[ i_Hv

ﬁ g_HvV

[ Intensity_HV
[ i_vH

ﬁ g_WH

[ Intensity_vH
ﬁ i

ﬁ q_ww

[ Intensity_vv

World view [ Uncertainty Visualisation @ Colour Manipulation T

Explorer Window. ;
« The Product Explorer window of

SNAP contains like-pol and cross-pol
bands in intensity and complex
formats.
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& Calibration

Radiometric Conversion in SNAP

Source Product

Go to Radar Menu >> Radiometric >> Calibrate — Calibration: 5=

S Processing Parameters

Target Product
MName:

 |/O Parameters tab: source —- Raw RCM image + Target
product

Save as:  BEAM-DIMAP -
Directory:
D:\ARSET_ESA_SAR_Course\IntensityDerivedParameters \PolarimetricParameters\Calibrate

* Processing Parameters tab: Source Bands — all bands;
Save as complex output

Open in SNAP

 Click Run and Close window when completed

Run Close
B snap
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help P
- " 5 = = Calibration s
=l I Apply Orbit File @ @l ¥ R IE ST R
Radiemetric » Calibrate = File HE|[J
= - =
EIpiuc Eapio e e Speckle Filtering > Radiometric Terrain Flattening
£ |8 [1JRCM2 OK1141585 PK1178409_1 OP22 2020 Coregistration > Remove Antenna Pattem
B .
3 @ Metedata Interferometric > 1 | Noice & | I/O Parameters Processing Parameters
g 3 Vector Data -1 Thermal Moise Removal
2 : . Polarimetric » -
= (3 Tie-Point Grids Source Bands: i_HH A
2 3 Quickooks Geometric > _HH
CL; =23 Bands Sentinel-1TOPS > I_te -
= B i ENVISATASAR > Intensity |
c
2 B o SAR Applications > i_Hv
3 g I”:ff“‘”-““ Soil Moisture » q_HV
0O )
2 - SAR Utilities » Intensity_HV
= B qHv i_VH
5 ~[E Intensity_HY - VH v
B e L
E B o EMVISAT Auxdliary File: Latest Ausiliary File
2 ~E} Intensity_vH
s me e | e .
z ~E aw
E [ Intensity_w Qutput sigmal band
Create gamma0 virtual band
=
c Create betal virtual band
]
2
5]
Run Close

NASA'’s Applied Remote Sensing Training Program
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Polarimetric Parameters in SNAP

|File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

& % c _Jr' & ’ &l Apply Orbit File @ M

T BB LACB T roQAARINYEYOR S

i Radiometric ¥
| | Product Explorer X | Speckle Filtering > - |[@B@antersty s x|
GO -I-O RO dor Men U >> ; g E‘"'Q é} RMCET:d_:t:l141585_PK11?B409_1_QP22_202E lczr;giﬂrat;? i Lc_cal -
o . o ] % £3 Vector Da ntei .erom. ric
Polarmetric>> Polarimetric A t=pshiven Poleimetric > || Compact olarimety
E g 53 Bands Geometric » Polarimetric Classification
PO ro m eTerS : - B B i Sentinel-1TOPS > Polarimetric Matrix Generation
E % """ B o ENVISAT ASAR K Polarimetric Speckle Filter
° | /O PO ro m eTerS TO b : E E g iIn':insity_HH SAR Applications > Polarimetric Orientation Angle Correction
| 5 - Soil Moisture > . . -
M =1 I B qnv o Polarimetric Decomposition
— ] ; ilities - B
.Source Calibrated o g Sl e > Polorimetric Parometers @ Compute Polarimetric Parameters
Imoges + TO rge'l' sl L = q__\u'H Crass Channel SNR Correction .
Bl [l Intensity_vH File Help
product HINE
. 2 - W .
 Processi ng 5 - [ ntensity_w 1/0 Parameters Processing Parameters
Parameters tab: 5_ [+] Use Mean Matrix
® USG I\/\eCI N ,% Window Size X: 5 o
Matrix: Choose 2 Window Size Y: 5 y
a window size fo ¢ Span
generate [ Pedestal Height
pCIrCI me‘l‘ers ;:, Radar Vegetation Index (RVI)
. C h oose '|'h e % [ ] Radar Forest Degradation Index (RFDI)
3 C Structure Index (CSI
parameters to :n W) =z S L
run [ ] Volume Scattering Index (VSI)
. C“Ck Run Ond (] Biomass Index (BMI)
Close window |
when E Cross-Pol HH/HV Ratio
Cross-Pol VW/VH Ratio
completed |
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RADAR Speckle Filter

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

AR DE Lfsd Py wwonhe @GRl I GBEACE TE  rOAANNIRORE 2N

These are intensity-derived parameters

and therefore regular radar speckle P — A
filtering can be used. The choice of filter ~ §~ I SEEL™ @@ i commner | ioron s
type and size should be related to the :é oo
AQOIl and what the final data willbe used & @a= sone 105>
or s BT v
Go to Radar Menu >> Speckle Filtering £ 8 wosooe st
>> Single Product Speckle Filter : e =
« |/O Parameters tab: source — : .
Calibrated Parameters images + File  Help
Target product 1jO Parameters Processing Parameters

« Processing Parameters tab:

f Span
+ Speckle Filter: Choose one = e
of speckle filter types Source Bande. HHHVR 3o
« Filter Size: Select filter size - YirRate
 Click Run and Close
window when completed iter —— 5
Filter Size X (odd number): g
Filter Size ¥ (odd number): g
Estimate Equivalent Mumber of Looks
Number of Looks: 0
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Terrain Correction

B 141 ROM2_OK 1141585 _PK1178409_1_QP22_20200723_002132_HH_VV_HV_VH_SLC_Cal_pp_Spk - [DAARSET_ESA_SAR_Course\ROUND 2\Practical|_FilesforARSET\SpeckleFilter\RCM2_OK1141585_PK1178409_1_QP22_20200723_002132_HH_VV_HV

« Terrain correction, with the use of Digital ) o oo STAIAE UEE LD S
Elevation Model (DEM) data, corrects ﬁpcﬁ; ":|" AAd P o ’Lﬁjf L ELELInL ILAALIRATLE LL R
topographical distortions like foreshortening, "' fron cnies i Lo I?lfa:'.l:'f.f:g | (e
layover, or shadowing. o3 ecor s e

« The Range-Doppler approach is one way to 5--3;33;” d e [ e o T ot
perform geometric correction. The method O e | SAR-Simuistion T Comection
needs information about the topography [ ot soivastue | oseteis

Slant Range to Ground Range
Update Geo Reference

(normally provided by a DEM) as well as orbit
satellite information to correct the
topographic distortions and derive a precise
geolocation for each pixel of the image.

@& Range Doppler Terrain Correction
File Help

1/0 Parameters Processing Parameters

Waorld View HO Uncertainty Visualisation HO Colour Manipulation - [4] Span  Th

Go to Radar Menu >> Radar>> Source Bands: o
Geometric >> Terrain Correction >> iate
Range Doppler Terrain Correction: z
« /O Parameters tab: source —
- Digital Elevation Model: SRTM 15ec HGT (Auto Download)

Speckled Filtered Parameters + DEM ResaplngMethod: BILDEAR_INTERPOLATION .
TO rg e.l. pro d U C.I. Image Resampling Method: BILIMNEAR._INTERPOLATION ~

Source GR Pixel Spacings (az xrag):  3.25(m) x 6.5(m)

* Processing Parameters tab: s ) S

« Digital Elevation Model: Map Projecion =
S RT M '| S E C H GT (o r u::j: :::dasr:i without elevation | Output complex data
appropriate for your areaq) Dseecstsouceband (o [ tasice 8 Longice

° M ') S.I. p aram e.l. ers W|| | b e [ Incidence angle from elipsoid [ Local incidence angle [ Projected local indidence angle
S eT as p er yo ur A O l - ”‘pp':::::::;‘b“:: e Use projected local incidence angle from DEM

e Click Run and Close Save Gamma0 band Use projected local incidence angle from DEM

. Window When Comple‘l'ed Save Beta0 band

Auxiliary File (ASAR only): Latest Auxiliary File
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Once generated...

« As noted, there are many things
you can do with these parameters
for monitoring agriculture.

« Use them:

— In classifications

— In correlations with biomass, LA,
etfc.

— In assessments of change

Span Image — RCM July 23, 2020, Carman, Manitoba, Canada
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Questions?

- Please enter your questions in
the Q&A box. We will answer
them in the order they were
received.

- We will post the Q&A to the
training website following the
conclusion of the webinar.

https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia
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Contacts

Trainers:

— Sarah Banks: sarah.banks@ec.gc.cao

— Laura Dingle-Robertson: laura.dingle-robertson@agr.gc.co

Training Webpage:

— hittps://appliedsciences.nasa.gov/|oin-
mission/training/english/arset-mapping-crops-and-their-
biophysical-characteristics

ARSET Website:
— hitps://appliedsciences.nasa.gov/arset

Check out our sister programs:

/4
Twitter: @NASAARSET (

N

\//
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https://twitter.com/NASAARSET
https://develop.larc.nasa.gov/
https://www.servirglobal.net/

Thank Youl!
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