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Homework and Certificate

A Homework Assignment:

I Answers must be submitted via Google Form
I Due Date: May 17, 2022

A A certificate of completion will be awarded to those who:
I Attend all live webinars
I Complete the homework assignment by the deadline (access from website)

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

h NASAYs Applied Remote Sensing Training Program
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Training Objectives I :

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

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

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

A Identify how Sen4Stat can support National Statistical Offices in the uptake of
satellite Earth observations for agricultural statistics

A Perform a time series analysis of crop types using Sentinel -2 derived LAI index

h NASAYs Applied Remote Sensing Training Program
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Polarimetry with Sentinel -1 Single Look Complex (SLC) Data I :

A Polarimetry allows for the use of phase al
Intensity alone.

A Sentinel-1 dual -pol (VV, VH) SLC data can be stored in a 2x2 covariance matrix
[C2].
I uses the full available signal bandwidth, and
I phase is preserved and each pixel consists of both a real and imaginary
component

A Using the 2x2 covariance matrix [C2] we can derive scattering parameters that
are similar to fully polarimetric or compact polarimetric parameters.

h NASAYs Applied Remote Sensing Training Program




OPseudod

Pol ar I

met r |

C

Stokes parameters | A set of values that describe the partial Y |O| +|O|
(S, S, S, S) polarization state of an electromagnetic wave Y [O] [O]
Y c|O||O|A'I'ﬂO
Y clOllOlOE‘I
Orientation angle The orientation of the linear polarization with the Pass ¥
- r =OAl-
(a) strongest backscatter q Y
Ellipticity angle The ellipticity of the scattered wave B Aj— Y
(V) q
Degree of linear The degree of linear polarization components in o
€0 l———

polarization (DoLP)

the polarized scattering

N
\/_

Linear polarization
ratio (LPR)

The ratio of VH and VV intensities

"Y "Y

Span (1)

Total intensity (VH+VV), expressed in power

Eigenvalues (l,)

Eigenvalues of the coherency matrix

G g(“v asy)

Eigenvalues (l,)

Eigenvalues of the coherency matrix

¥ g(“v a"y)

Par amet er

Entropy (H) The degree of randomness of scattering See Cloude, etal. 2012
https://www.researchgate.net/publication/260622729 Compact _Decomp
osition_Theory
Alpha (| ) The dominant scattering  mechanism (in See Cloude, etal. 2012
degrees) https://www.researchgate.net/publication/260622729 Compact _Decomp
osition_Theory
Normalized The sum of total backscatter power and the See Réfrégier and Morio 2006
Shannon Entropy Barakat degree of polarization, normalized to | https://www.researchgate.net/publication/6692148 Shannon_entropy_of _
(SE) between Oand 1 partially_polarized_and_partially_coherent_light_with_Gaussian_fluctuations
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Stokes Parameters

A Describes the scattering from a partially polarized electromagnetic (EM) field.
A Contains all the polarimetric information to describe scattering from a target.

Y [O] +O]
Y O] [Of
Y ¢|O||O|ATrO
Y c¢lOo|lOo|0Bi

where |0 is the amplitude of the intensity and %0 is the phase difference between H and V. All four stokes
parameters are real numbers.

A first Stokes vector parameter (S ) indicates the total intensity of the radar backscatter (polarized and
unpolarized), which is the sum of the powers of the two orthogonally -polarized received waves.
A other three parameters (S ;, S,, and S) describe the properties of the polarized portion of the EM field.

NASAYs Applied Remote Sensing Training Program




Degree of Linear Polarization (DoLP) :

A The wave incident upon the target arrives completely polarized.

A If the target is composed of elements with varying orientations (e.g., leaves, stalks,
flowers, etc.) the waves scattered by these individual elements will vary in phase
and polarization.

A DoLP measures the percentage of the polarized energy, which is linearly
polarized.

A DoLP is low where scattering is dominated by circularly polarized waves and
approaches one when scattered waves are linearly polarized (regardless of
orientation angle).

A This is based on Stokes and is measured as:

h NASAYs Applied Remote Sensing Training Program




Entropy / Alpha

Wheat

g 1 - whasigos Uine 0 Pass @ @
Ciiita Alpi| a) v Erivogy iH) - Darmilly Hhbogran

A Cloude et al. (2012), Cloude (2007) developed a
dual -polarized version of the fully polarimetric
H/a/alpha decomposition method, which only
Includes entropy & alpha.

. I Region of medium entropy
gk n multiple scattering

A Extends the idea of alpha as an indicator of the

| {=

f

o (dominant scqﬁering mechanism)
. s e s s .

) ] ) . Region of medium entropy
dominant scattering type (e.g., multiple/volume I-; surface scattering
scatterer, single bounce/surface scatterer, and u
- : " low " Y ¥ medium “high

cll.oubl.e bounce scattergr), In general: Entropy (purity of scatrering mechanism)
| single scatterers will have lower alpha and 40 degrees

alpha will increase as biomass increases

(indicating a change from dominant surface __ Entropy

scattering to multiple and double bounce ncidence Low - Higher

_ g P Angle Biomass Biomass

scattering). 25 040 051
. . 36 063  0.69
| keep in mind that how a wave scatters also 40 074 076

depends on the incidence angle; both 45 080 080

alpha and entropy will change with
changing incidence angle. Courtesy: H. McNairn

NASAYs Applied Remote Sensing Training Program 10.




Entropy / Alpha

Wheat
A Extends idea of entropy from fully
polarimetric decomposition as a measure of

the complexity and/or uniformity of the
target.

I On a bare, smooth field the polarization
of the scattered wave will be
predictable from location to location; T o " ¥ et high
alpha will indicate a dominance of Entropy (purity of scattering mechanism)

g 1 - whasigos Uine 0 Pass @ @
Ciiita Alpi| a) v Erivogy iH) - Darmilly Hhbogran

. I Region of medium entropy
gk multiple scattering

| {=

B Region of medium entropy
I: surface scattering

A 5,

o (dominant scqﬁering mechanism)

) ] 40 degr‘ees
single bounce scattering and entropy
will remain low. Entropy

i As vegetation cover increases, the e Bmass s
polarization of the scattered wave 25 040 051

) 36 0.63 0.69

becomes less predictable, and entropy 40 074 076
will increase. 45 0.80 080

Courtesy: H. McNairn
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Sentinel -1A / 1B* —~. =

. Flight Direction
.-.l.‘{ SENTINEL 1
= Ny
R %
.-..|q~

SENTINEL 1

Sub-Satellite Track

Orbit Height
~700 km

~  Extra Wide Swath

i Mode
Strip Map

: Mode
Wave Mode

Interferometric Wide Swath
Mode

Overview of the Sentinel -1 scanning modes & Revisit time: 6 days

*Sentinel 1B malfunctioned in December 2021 and has not been acquiring imagery since that date. ESA is working diligently to

try and fix the issue. Sentinel 1A continues to collect imagery. See https://sentinels.copernicus.eu/web/sentinel/missions/sentinel -
1/observation -scenario/acquisition -segments for acquisition plans.
Thales Alenia Space is prime contractor for Sentinel  -1C and its twin Sentinel -1 D. Airbus Defence and Space is responsible for

both radars. Expected launch of Sentinel 1C is 2023  (as of April 2022).

NASAYs Applied Remote Sens.ilmage Sburce: httpsy/gentiRel.esaint/@ei/sentinel/missions/sentinel -1/instrument -payload 12 .
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Sentinel-1 Image Modes and Products

Acq. Product | Resolution Resolution Pixel Spacing Num
Mode Type Class Rng x Azi [m] Looks
Rng x Azi[m] Rng x Az
SLC 1.7x4.3 to 1.5x3.6 to
3.6x4.9 3.1x4.1
SM FR 9x9 3.5x3.5 2x2
GRD HR 23x23 10x10 6x6
MR 84x84 40x40 22x22
2.7x22 to
SLC 3.5x22 2.3x14.1 1x1
b HR 20x22 10x10 Sx1
GRD
MR 88x87 40x40 22x5
7.9x43 to
SLC 15x43 5.9x19.9 1x1
HR 50x50 25x25 3x1
GRD
MR 93x87 40x40 6x2
2.0x4.8 1.7x4.1
SLC 1x1
3.1x4.8 2.7x4.1
GRD MR 52x51 25x25 13x13

Sentinel -1 imaging modes
A SLC& Single Look Complex: Slant range Single Look Complex product

Product types

A GRD & Ground Range Detected: Ground range multi -looked that can be in one of
three resolutions: Full Resolution (FR), High Resolution (HR), and Medium Resolution (MR)

NASAYs Applied Remot e Se n agadgiceT hts/jeathiesa.igiwePsenmeytectamion -quides/sentinel_-1-sar/products _-algorithms/lev@ AgmanciamMarino
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Sentinel -1 Data Access

= Insert search criteria..

€Sa opericus

Copernicus Open Access Hub

. s e R s e

A Advanced Search

» Sort By

» Order By

» Sensing period

» Ingestion period From

7

Mission: Sentinel-1

Satellite Platform

Sensing Date

2018/
From:2018110 g

Mont-Laurier
°

a
e
»
‘¢
:

Clear R
Riv
Maniwak
.
Sal
v
"
v Gracefield
°

inte

2
o PO g

| S1A_" El

Polarisation
M

" Relative Orbit Number (from
110 175)

! O Mission: Sentinel-2

Satellite Platform

Agathedes-M M‘Q\ Rawdon

Sainte-Adéle

| Préy -
= to = fiet-Pontefract LA
Saint-Jérome
2% i g—
kdﬂ,’r:fnﬂ.julle\‘:l schute. Rosemere
Product Type Raock land./.Th..ﬁ'}J Hawketbury Montreal
v 4 S
b Dmkenth. Montreal
- Carlsbad A Weet
Sensor Mode Springs VAU l-sur-le.La .'.7/‘ rn p 3 Lapr “)"“
St Elmo Saintejustine <ration#” . 'Saint-Jeanssur-Richelieu
Y. Russell 5 BCEE 2 o )f\)’ \ o)
usse! -
. **Embeun SRIabRITYad a i o
Collection MaTotics: . s ARy 2 Y e Howic k Napiervilles
.
L .—’«. nmore /
V. Huntingdor
Kemoptville J y Hemmingford
nptv naleside A‘Q/ ° .
e Q
- Merrickville slen Becker _Massenas Comwall Swanton
. L) ,. s Morrish 7/,./— \7H
Smiths Falls ormsburg ¥
Product Type Station Saint’Albans

M

Relative Orbit Number (from

Cloud Cover % (e.9.[0 TO

9.4))

/
Ogdens Imxm"

Brockville

Elginbarg.

https://scihub.copernicus.eu/dhus/#/home

1to 143)
————
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Sentinel -1 Data Access

eSa opemicus Copernicus Open Access Hub

a N\ -

=S ]
£y A
mn Y Insert search criteria.. B e,
' “ - v - o T— £ e 10 Saqmway'

Display 1 to 4 of 4 products. SelectAll O
Order By: Sensing Date ¥

| Request Done: ( footprint:“Intersects(POLYGON((-
') 75.73519871933392 45.23932673113649,-74 12893787693025
45.23932673113649,-74.12893787693025 v

-sm IW_RAW__0SDV_20181103T225242_201811037225315...

Downioad URL: https//scihub.copemicus eudhus/odata/v1/Productsy
' Questoox Mission: Sentinel-1 Instrument: SAR-C Sensing Date: 2018-11-03T

' S1A_IW_GRDH_1SDV_201811037225221_20181103T225246...
) ¥ Downfoad URL: https-/#scihub.copernicus. euw/dhus/odataN 1/Products;

",

! Mission: Sentinel-1 Instrument: SAR-C Sensing Dale: 2018-11-037Z2

Download URL: hitps.//scihub.copernicus euthus/odataN 1/Products(’
Mission: Sentinei-1 Instrument SAR-C Sensing Date: 2018-11-03T2.

S1A_IW_RAW__0SDV_20181103T225217_201811037225250...

Download URL: hitps Zscihub.copernicus eudhus/odatai 1/Products;
NO
qmc‘noo‘ Mission: Sentinel-1 Instrument: SAR-C Sensing Date: 2018-11-03TZ

B V] < <page|1 |or1 ¥ close

r e
’

Barrie )7 il r-| 7
{-—-» _F{h:tefborquqh . Kingston,

/ Bcllcvnllc‘-—" .
Richmond\ ~ov oo ﬁldlenown
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Alaska Satellite Facility Data Portal

s EARTHDATA

UAF ALaskA SaTeLuTe FAaciLiTy

Alaska Satelte Facilty's

Vertex LTS o Help = 2 s ad Queue [
s B A World Map | South Polar
- . Clear Search Area b Map - Please use the map and/or the search
Gecspata Sranule Msswons -1 e ' g arameters on the left to select your search
: @ sateitite P z
criteria.

OMap

v Geographic Region o

Option 1: Cick on map and move Cursor

Option 2: Enter coordinates

&g, -102.37 59,-94.37,-94,39,-102,39,-102,37 59 Clesr

Select: All| None

Dataset info
& Sentinel-18 2016-n0w @
4 sentinet-1a 2014000 Q@
[ smar 2015-now @
Cluavsar 2008-now @
2006-2011 @

CJALos paLsar

[JRADARSAT-1 1995-2003 @
CJers-2 19952011 Q@
] sers-1 12321535 0
Cers1 199113997 @
CJamsar 1990:200: @
[ seasar 1978-1978 ©

2> Optional Search Criteria

@ Number of Frames

Pt © 2058 ABSK Sameete Facay CA 1 39 AATO SRR 300 SOCITOTMN IMETRE0N 3N SrODRS MG CHCTITINITON BENS! 3% POMON
VI AS# S Data Pom V3 0653 e ex e 202 #2200
Prone (907) 4735041 MR Coreacy

Image Source: https://vertex.daac.asf.alaska.edu/

Program © Armando Marino 16
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https://vertex.daac.asf.alaska.edu/

Area of Interest

Canadian
P 2021 Crop
= Inventory

A July 9, 2020, image

Manitoba

S1B_IW_SLC__1SDV_20200709T002321_20200709T002348_022387_02A7D6_65BE

Mission Beam mode
S1AorS1B  IW (Interferometric Wide)
EW (Extra Wide)
S1 to S6 (Stripmap)

WV (Wave)
Resolution class Start date and time Absolute orbit number
F (Full resclution) ¥YYYMMDD - year, month, day Mission Data Take ID

M (Medium resolution)  HHMMSS - hour, minutes, seconds

H {High resolution) /

) ¥ v v ) "
MMM_BB_TTTR_LFPP_YYYYMMDDTHHMMSS_YYYYMMDDTHHMMSS_OO0000_DDDDDD_CCCC

bl o W K\

0 125 250 500 Kilometres

Polarization Stop date and time
Processing level SH (Single HH) YYYYMMDD - year, month, day
0.10r2 SV (Single VW) HHMMSS - hour, minutes, seconds
' Productclass  pH (Dual HH/HV)

Product type 5 (SAR standard) DV (Dual VW/VH) Product Unique Identifier
RAW A (Annotation) HH (Partial dual, HH only)
SLC (Single Look Complex) HV (Partial dual, HY only)
GRD (Ground Range Detected) WH (Partial dual, VH only)
OCN (Ocean) VWV (Partial dual, WV only)

NASAYs Applied Remote Sensing Training Program 17




Sentinel-1SLC Image

Apply Orbit file
v

S1 TOPS Split

Radiometric
Calibration
(complex
output)

S1 TOPS Deburst
S1 TOPS Merge

Polarimetric
Speckle Filter

Terrain correction

Export C2 matrix
to PoISARpro
format &
GeoTIFF/BigTIFF

NASAYs Applied Remot e

Import C2 matrix to PoISARpro

v

Process : Extract parameters:

Matrix elements: C11, C22 and span
Stokes Parameters:

Stokes Components (S0, S1, S2, S3)
Orientation Angle

Ellipticity Angle

Eigenvalues | ;, |,

Degree of Linear Polarization

Linear Polarization Ratio

H / Alpha Decomposition

Alpha

Entropy

Shannon Entropy

Convert PolSAR Output to

Geotiff

Sensing Training Program

SNAP

PolSARpro

© Armando Marino




Generating C2 Matrix with SNAP I :

A Must use Single Look Complex (SLC) Sentinel -1

C, = [CU C‘I?’-] — ISy ) (S Syy)
’ Cun Cy (SvuSyv) (1Syn )

A First step to create pseudo polarimetric parameters is generating [C2] 2x2
Covariance Matri x using ESAG0s SNAP

A Issues with generating S1 polarimetric parameters include the processing time and
memory requirements

A Each interferometric wide swath consists of:
I Three sub-swaths (IW1, IW2, and IW3) in the range direction.

A Each sub -swath has 9 bursts in the azimuth direction

h NASAYs Applied Remote Sensing Training Program




Apply Orbit File

A Satellite positions are recorded by a Global Navigation
Satellite System (GNSS).

A To assure a fast delivery of Sentinel -1 products, orbit
iInformation generated by an on  -board navigation solution
IS stored within the Sentinel -1 Level-1 products.

AThe orbit positions are | ater
Precise Orbit Determination (POD) Service.

A Precise orbit files have less than 5 cm accuracy and are
delivered within 20 days after data acquisitions.

A The accuracy of restituted orbit files is less than 10 cm. The
files are available 3 hours after data acquisitions.

u NASAYs Applied Remote Sensing Training Program

Apply Orbit file

Radiometric
Calibration
(complex output)

S1 TOPS Deburst

S1 TOPS Merge

Polarimetric Speckle
Filter

Terrain correction

Export C2 matrix to

PolSARPro format

& GeoTIFF/BIgTIFF
S



B snap

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

Apolv Orbit File aRDE Lhd P mmonie @Ol T QBIELSTE
pp y Product Explorer XIPierlnfo | Speckle Filtering > \ =
= @ [1] S1B_IW_SLC__1SDV_20200709T002321_2020070 Coregistration 5 3E
@‘D Metadals nterferometric
, # @ vewosn e
Go to Radar Menu A Apply Orbit = s
. [ i_IW1_VH ENVISAT ASAR >
File . T
A 1/0 Parameters tab: source A | E | e
= Intensity_IW1_VV
Sentinel 1 SLC image + Target e

[ Intensity_IW2_VH

product 8w € Apply ot Fie >

[} intensity_Tw2_wv File Help

A Processing Parameters tab: -

E] Intensity_TW3_VH 10 Parameters Processing Parameters

A O rb it State Ve Cto rS : Se nti n e I e Orbit State Vectors: | Santingl Predse (Auto Download) P

[ qIW3_W
B} Intensity_Tw3_wv Polynomial Degree: |3

Precise (Auto Download). oot i e ot
A Polynomial Degree: 3 oo oerion, v
A Click Run and Close window

when completed
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S1 TOPS Split Apply Orbit fil

S1 TOPS Split

A TOPSAR Split operator splits each sub swath into

selected bursts Radiometric

Calibration
(complex output)

A Limits the amount of data to process, reducing

processing time and memory requirements
S1 TOPS Deburst

B s-170Ps Spiit X
i S1 TOPS Merge
1/O Parameters Processing Parameters
Subswath: |12 %
Polarisations: {31
W

Bursts: 4 to 8 (max number of bursts: 9)

DI I(I

Polarimetric
Speckle Filter

Terrain correction

Export C2 matrix to

_ PolSARPro format&
GeoTIFF/BigTIFF
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S1 TOPS Split

Go to Radar Menu
A S1TOPS Split:

\File Edit View Analysis Layer Vector Raster 0pticaI‘Radarr Tools Window Help
dG DE S Uhd P ©@PwlAY ABEL SR TE
h >

|| Product Explorer X l Pixel Info | Speckle Filtering >

i =& [1] S1B_IW_SLC__1SDV_20200709T002321_2020070 N %E_Orb
(32 Metadata
-3 vector Data

Apply Orbit File
Radiometric

A Sentinel-1 TOPS

Coregistration

Interferometric >

& < 2 Polarimetric
@- (@3 Tie-Point Grids G "
- H =-&3 Band [ Geometric |
A 1/0 Parameters tab: source A Orbit T
@ qIwivH TR
d Sl SLC . + T ] antensity_I\’Vl_VH z::li::[f::ins z ‘ S1SII(eAssémb|¥
Corre Cte I mag e arg et - iwiw e e 0ES Snks
[l qIw1_w e S-1TOPS Deburst
[ Intensity_Tw1_w S-1TOPS Merge
p rOd u Ct i = i_Iw2_vH S-1 Remove GRD Border Noise
- . ! q‘IWZ_‘VH S-1 TOPS DerampDemod
A Processing Parameters tab: 0 v ol
. [l qIw2_w
A Subswath: choose either IW1, B ‘
[l q_IW3_VH
IW2 or IW3 ‘ g:”@’;s‘;”v-“w-"*' B s-1 Tops split X
[l q__1W3__vv File Help

A
A

Polarisations: Highlight one or
both

Bursts: Reduce the bursts to
those that fall over the top of
your area of interest; choose the
arrow on either side of the slide
bar and move inward

Click Run and Close window
when completed

NASAYs Applied Remote Sensing

B intensity_Tw3_w

1/O Parameters Processing Parameters

100 3840 x 1205px
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Radiometric Conversion

S1 TOPS Split
A SAR SLC products are complex and must
be converted to real (intensity) and m—— .
_ _ adiometric
Imaginary (phase) channels. Calibration

(complex output)

A The conversion is mission -specific and for

polarimetric processing the data must T
be complex.

A SNAP will automatically determine what S1 TOPS Merge
kind of input product you have and

what conversion needs to be applied golar:(rlnetFr_ilc
= t
based on the productds met ad dagais

Terrain correction

Export C2 matrix to
PolSARPro format

& GeoTIFF/BigTIFF
© Armando Marino
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Radiometric Conversion

[2] S1B_IW_SLC__1SDV_20200709T002321_20200709T002348_022387_02A7D6_65BE_Orb_split - [D:\ARSET_ESA_SAR_Course\ROUND 2\51TopsSplit\S1B_IW_SLC__1SDV_20200'

SR DHE SR AP wwoniie | @Dl ARITLTSBIET N

Radiometric > || calibrate I

Product Explorer X | Pixel Info

G O to R a.d ar M e n u A R ad i O m etri C A ER="W[2] 518_IW_SLC__15DV_20200709T002321_2020070

G- (2] Metadata

Speckle Filtering > Radiometric Terrain Flattening

Coregistration 2 Remove Antenna Pattern

@B Vector Data Interferometric % S-1 Thermal Noise Removal |
C I . . - (32 Tie-Point Grids helaimetic % -
alibrate: e e 5| St
-8 awsom Sl AR Create Calibration LUTTPG
. i@ qIW3_VH ENVISATASAR >
A 1/0 Parameters tab: source B S1 O S
" -8 s Soil Moisture >

o[ q_IW3_W

Tops Split & Orbit Corrected @ i | swuwe |
Image + Target product — .
ASelect 0Save as compl ex ou==
A Processing Parameters tab: .-
A Click Run and Close window "
when completed

Colour i i Uncertainty Visualisation

Bave as complex output
Qutput sigma0 band
Cutput gamma0 band
Qutput betal band

NASAYs Applied Remote Sensing Training Program © Armando Marino 25.



S1 TOPS Deburst

Apply Orbit file

S1 TOPS Split

The images for all selected bursts from the A
previous results in the selected sub -swaths are gjﬁt')?;“tﬁ)tgc
resampled to a common pixel spacing grid in (complex output)
range and azimuth while preserving the phase

Information. All bursts are merged. S1 TOPS Deburst

S1 TOPS Merge

Polarimetric
Speckle Filter

Terrain correction

Export C2 matrix to
PolSARPro format
& GeoTIFF/BIgTIFF
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S1 TOPS Deburst

Go to Radar Menu A Sentinel-1

TOPSA S1 TOPS Deburst:

A 1/O Parameters tab: source B
Orbit, TOPS Split, Calibrated S1
SLC image + Target product

A Processing Parameters tab:

A Polarisations: VH, VV
A Click Run and Close
window when completed

NASAYs Applied Remote Sensing

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

G D@ A P eyosin Bl LBELS BT
} >

Radiometric

| Product Explorer  |Pixelinfo | Speckle Filtering > — | [B @ ntensity 1wz v x|

E [E8=W (3] 51B_1W_SLC__1SDV_20200709T002321_2020070 Coregistration M= Orb_spiit_Cal | i

i Interferometric >
Polarimetric >
Geometric >
Sentinel-1 TOPS > S-1SLC to GRD
ENVISAT ASAR 2 S-1 Slice Assembly
SAR Applications > S-1TOPS Split
Soil Moisture % S-1 TOPS Deburst
SAR Utilities >

S-1TOPS Merge
S-1 Remove GRD Border Noise
S-1TOPS DerampDemod
S-1 EAP Phase Correction

& 5-1 TOPS Deburst
File Help

1/0 Parameters Processing Parameters

Polarisations: yH
W

Training Program © Armando Marino




S1 TOPS Merge

If you have processed multiple sub swaths of one Radiometric
. Calibration
Image (e.g., 1 to 3), the S1 TOPS Merge operator (complex output)

merges the merged bursts, as sub -swaths products
Into one complete product

S1 TOPS Deburst
Ny
SRS RN

Polarimetric

Speckle Filter

Terrain correction

Export C2 matrix to
PolSARPro format
& GeoTIFF/BIgTIFF _

NASAYs Applied Remote Sensing Training Program a




: ; I I O I S M ‘ ! rg ‘ ! B 141 Intensity_IW3_VH - S1B_IW_SLC__1SDV_20200709T002321_20200709T002348_022387_02A7D6_65BE_Orb_split_Cal_deb - D:AARSET_ESA_SAR_Course\ROUND 2\Deburs

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

5 . 'm E it Fi S GCP Boa
S DHE S hJPa| wwvowrfe @@l IHRELSB T
1 Radiometric > f
Product Explorer X ‘ Pixel Info J | Speckle Filtering > | — || 4] Intensity_IW3_VH X
©-& [4]S18_IW_SLC__1SDV_20200709T002321_2020070, Coregistration > JE-Orb_spit_Cal_deb
: @@ vetadata Interferometric >
O 10 Radar vienu entnel - - e meti
(32 Tie-Point Grids Fokrimetric >
=-&3 Bands Geometric > |
TOPSA S1 TOPS Merge:
. ~8 awsw ENVISATASAR > 51 Slice Assembly
- Intensity_TW3_VH SAR Applications > 5-170PS Split
- -~ wsw Soil Moisture >
arameters tan. source W e 51 T0PS Deburst
. _Iw3) i
[ Intensity_Tw3_w SAR Utilities > | 5-1TOPSMerge

Orbit, TOPS Split, Calibrated & e
TOPS Deburst S1 SLC images + .
Target product
A Processing Parameters tab:
A Polarisations: VH, VV
A Click Run and Close
window when completed

Navigation - [4] Inten... [ Colour Manipulation ... | Uncertainty Visualisa... | World View X -
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Polarimetric Speckle Filter

—

For polarimetric parameters, the filter chosen must

: : Radiometric
ensure that there is a preservation of phase and Calibration
polarimetric information while suppressing the noise. (complex output)
There are 4 polarimetric speckle filters available in
SNAP. The choice of filter type and size should be S1 TOPS Deburst
related to the AOI and what the final data will be used
for. S1 TOPS Merge

The output of the Polarimetric Speckle Filter is C2 matrix e
Polarimetric

Speckle Filter

Terrain correction

Export C2 matrix to
PolSARPro format
& GeoTIFF/BIgTIFF
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[ (41 51B_IW_SLC_1SDV_20200709T002321_20200709T002348_022387_02A7D6_6SBE_Orb_split_Cal_deb - [D:\ARSET_ESA_SAR_Course \ROUND 2\Deburst\S1B_IW_SLC_1S

. . - File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Hel
POIarImetrIC SpeCkle Fllter a8y E y— j ‘:‘j St’pf-) Apply Orbit File )P Bl IRELATA ;"C%

Radiometric

(B (4 intensity w3 i x|

Product Explorer X I Pixel Info [ Speckle Filtering > =
=& [4]S1B_IW_SLC_ 1SDV_20200709T002321_2020070 Coregistration > JE-Orb_spit_Cal deb
-0 Metadata Interferometric >

- (@3 Vector Data

: - ([ Tie-Point Grids Polarimetric >l Compact Polarimetry
Go to Radar Menu A Polarimetric oy =
[ i IW3_VH Sentinel-1TOPS > Polarimetric Matrix Generation
I - M kI - I . i ﬂ q—IW?’_-VH ENVISATASAR > Polarimetric Speckle Filter
A P O arl m etrl C S p eC e F I te r . g iIan;snt\;/V_I\"B_VH SA-RApy'aIications 4 Polarimetric Orientation Angle Correction
S Soil Moisture >

Polarimetric Decomposition

A 1/0 Parameters tab: source A B S| poumencrans
Orbit, TOPS Split, Calibrated & B |
TOPS Deburst (and Merged if @ Polrimesic Speckie it
using more than one sub swath) e
S1 SLC images + Target product et

A Processing Parameters tab: ersae:

A Speckle Filter: Choose one
of four speckle filter types

A Filter Size: Select filter size

A Click Run and Close window
when completed

I/0 Parameters Processing Parameters

Run Close
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C2 Matrix is Generated 0 Terrain Correction “
| -

A Terrain correction, with the use of Digital Elevation _ _

Model (DEM) data, corrects topographical gzsgg;tgc

distortions like foreshortening, layover, or shadowing. (complex output)
A The Range -Doppler approach is one way to perform

geometric correction. The method needs S1 TOPS Deburst

Information about the topography (normally

provided by a DEM) as well as orbit satellite S1 TOPS Merge

Information to correct the topographic distortions

and derive a precise geolocation for each pixel of ggfgmegiilctzer

the image.

Terrain correction

] Export C2 matrix to

PolSARPro format
& GeoTIFF/BIigTIFF
NASAYs Applied Remote Sensing Training Program © Armando Marino




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

= S kdiP Apply Orbit File ® w & 3 L RnELsEe ;ncg'.‘.g @
>

. - 3 - Radiometric
a rIX I S e I l e ra ( B \ Product Explorer X |PixelInfo | Speckle Filtering > = H
|=-8 [1]518_IW_SLC__1SDV_20200709T002321_2020070 Coregistration > JE-Orb_spit_Cal_deb_t

o0 Metadats Interferometric >
L [ | 4 (2 Vector Data Pl :
' I || @@ Tie-Point Grids oarlme‘trlc
e r ral O r re C I O I I || ©Q Bands Seometric 2 Terrain Correction 2 Range-Doppler Terrain Correction
; @ cu Sentinel-1TOPS > Ellipsoid Correction > SAR Simulation
. C12 real -
1 g Clz_fea EVIATAMR 4 SAR-Mosaic SAR-Simulation Terrain Correction
im: s
o 2 e SAR Applications > SAR Mosaic Wizard
Soil Moisture > ALOS Deskewing
SAR Utilities >

Slant Range to Ground Range

Go to Radar Menu A Radar A
Geometric A Terrain Correction A -

Range Doppler Terrain Correction — .
A 1/O Parameters tab: source A C2 orsonets Processng Pt

Source Bands: C11

Matrix + Target product i

|| Navigation - [5] C11 Colour Manipulation - [5] ...

A Processing Parameters tab:
A Digital Elevation Model: SRTM I = e — :
1SEC HGT (or appropriate for L | eeriaric:  [maee e :

\ l‘\\\ | | Source GR Pixel Spadings (az x ra): 13.9(m) x 3.69(m)

your area) B :
A Most parameters will be set as ®
= Mask out areas without elevation [ ] Output complex data
per your AOI

Selected source band [JoEM [ Latitude & Longitude

A C I i C k R u n an d C I OS e Wi n d OW []Incidence angle from ellipsoid [ ] Local incidence angle [ ] Projected local inddence angle
] Apply radiometric normalization

Wh e n CO m p I ete d Save Sigmal band Use projected local inddence angle from DEM

Save Gammal band Use projected local inddence angle from DEM

Map Projection: [ UTM Zone 14 [ World Geodetic System 1984

Save Betal band

Audliary File (ASAR only): Latest Auxiliary File
. . . . Run Close
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Export C2 Matrix from SNAP to PolSAR Pro Format “
& GeoTIFF/BIgTIFF

PolSARpro format has all bands of : :

: : : Radiometric
data in .bin and .hdr pairs. A Calibration
oconfig.txto file and a o s (complex output)
file are under the output folder.

O

S1 TOPS Deburst

» ROUND2 » PolSARPro » S1B_IW_SLC_ 150DV _20200709T002321_20200709T002348_022387_02A7DE_65BE_Orb_split_Cal_deb_Spk

Eat

Mame Date modified Type Size Sl TOPS Merge
L] C11.bin 2/18/2022 9:15 AM BIN File 832,661 KB
| ] €11.bin.hdr 2/18/2022 9:14 AM HDR File 1KB
L] C12_imag.bin 2/18/2022 %15 AM BIN File 832,661 KB Polarimetric
L] €12_imag.bin.hdr 2/18/2022 9:14 AM HDR File 1KB S .
eckle Filter
| ] €12_real.bin 2/18/2022 9:15 AM BIN File 832,661 KB P
| ] €12_real.bin.hdr 2/18/2022 9:14 AM HDR File 1KB

D C22.bin 2/18/2022 9:15 AM BIM File 832,661 KB
D C22.bin.hdr 2/18/2022 9:14 AM HOR File 1KB Terraln CorreCtlon
D config.tt 2/18/2022 %14 AM Text Document 1KB
|Z rmetadata.xml 2/18/2022 9:14 AM XML Document 66 KB

Export C2 matrix to
PolSARPro format &

GeoTIFF/BIgTIFF
NASAYs Applied Remote Sensing Training Program © Armando Marino 34




Export C2 Matrix from SNAP to PolSAR Pro Format
& GeoTIFHBI g TIFF i . s ot et Ot e . T T PSSR o

Somene. L PR 2o UOBMY T ABEALS

Recpen Product

T Product Library

h0709T002321_20200709T002348_022387_02A7D6_658E_Orb_split_Cal_deb_Spk_TC

Close Product
Close All Products

Save Product

PLUS! FileA Export A
GeoTIFF/BigTIFF to be used as - S =
OMaster Tifé during the ZPyt hon
generation of the Tifﬁsggﬁ{mrom t he

PolSARpro output -

HDF5
NetCDF4-BEAM
NetCDF4-CF

gation X | Colour i i Uncertainty Visualisation World View

b
e

B snaP - Export Product X

Savein: FolSAR Pro > SHER-

) Subset...
=

Recent Items

Desktop

lﬁ

Documents

i File name: LC__1SDV_20200705T002321_20200709T002345_022387_02A7D6_65BE_Orb_split_Cal_deb_Spk_TC.hdr Export Product

Network

Files of type: | polsaRPro product writer (*.hdr) - Cancel
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ESA PolSAR Pro v6.0.3

A Long term research software for fully

polarimetric data analysis

To

Free and open for download

To

PolSARpro v6.0 (Biomass Edition) |

Institut d'Electronique et des

Techniques du numéRigue - UMR

CNRS 6164 (univ-rennesl.fr)

NASAYs Applied Remote Sensing

Trainin

Lesa POLSARPRO v6.0.3
g (BioMASs EDITION)

5 WIN64 INSTALLATION

"RENNES™

= PROCEDURE

1 - PRE - INSTALLATION

PolSARpro v6.0.3 (Biomass Edition) Seftware requires the installation of the following
packages (if not already installed on the machine) -

Tcl (Tool Command Language) - Tk (ToolKif) enable the execution of powerful
GUIs (Graphical User Interface). Tcl-Tk binary distribution and installers for
Windows platform are available for download from :

https:www.magicsplat.comyfol=installerindex. itmi

. Gimp (GNU Inage Manipulation Program) 1s a free and open-source graphics
ga editor. The current stable release of Gimp for Windows platform 1s available for
% download from -

hittps :ZAvww. gimp. org/downloads/

editing 1mage files. The current stable release of ImageMagick for Windows

A= ImageMagick 1s a free and open-source software suite for converting / creating /
ﬁ platfonm 1s available for download from :

Ritps:Aeww.imagemagick.org/script/download phpHwindows

offer the most complex platform for thus nussion. The current stable release of

SNAP (Sentinel Application Platform) reunites all Sentinel Toolboxes mn order to
SNAP for Windows platform 1s available for download from :

hitp:/step.esa.int/main/dewnload/

based on satellite imagery. The current stable release of Google Earth for

Google Earth is a computer program that renders a 3D representation of Earth
@ Windows platform is available for download from :
Irtrps: v google. comyeartlvdownload ‘gep agree. itnl 36 .


https://ietr-lab.univ-rennes1.fr/polsarpro-bio/

Calculate SAR Polarimetric Parameters Using PolSARpro: Import Data

A Create a 0C26 folder and copy all files ex
I The C2 folder name will enable = PolSARProto recognize the dataset

A Modify the config.txt file. Change the 06PoO
I This term allows PolSAR Pro to identify that this data is represented as a 2 x 2

I I I atrlx urse > ROUND2 > PolSARPro > S1B_IW_SLC_15DV_20200709T002321_20200709T002348_022387_02A7D6_65BE_Orb_split_Cal_deb_!
Name - Date modified Type Size
. ] €11.bin 2/18/2022 9:15 AM BIM File 832,661 KB
_| configtxt - Notepad (] C11.binhdr 18/2022 9:14 AM HDR File 1KB
. . . || €12 imag.bin 1 5 AR BIN File 832,661 KB
File Edit Format Wiew Help [ ©12_imag.binhdr 1 HDR File 1KB
N row L] C12_rea|.bfn 211 BIN Fi|.E 832,661 KB
|| €12_real.bin.hdr 21 HDR File 1 KB
8228 | | C22.bin 1 BIM File 832,667 KB
_________ || C22.bin.hdr 1 HDR File 1KB
—| config.txt /1 W Text Document 1KB
Mcol = metadataaxml 2/18/2022 9:14 AM XML Document 66 KB
j *config.bxt - Notepad
_________ File Edit Format View Help
PolarCase Hirou
. 8220
monostatic
_________ Ncol
25932
PolarType e
Polar(ase
dual monostatic
_________ PolarTyp
—p |ppd

NASAYs Applied Remote Sensing Training Program © Armando Marino 37.




Setting an Environment in PolSAR Pro

Start your PolSAR Pro edition on your desktop

1. Click on PolSAR Pro Biomass on the initial tool bar
and then sel ect OEnt er o

#* The Polarimetric SAR Data Processing and Educational Tool - Biomass v1.0

2. The main PolSAR Pro Biomass tool bar opens.

3. First set the OEnvironmen
holding your main data set contained in the C2
folder

> POLSARPRO V. 6.0 (bic,.)

The Polarimetric SAR Data Processing and Educational Tool - Biomass

imetric SAR Data Processing and Educational Tool - Biomass v1.0 - Menu

o PolSARpro V. 6.0 ( bic,.)
\\ e sa The Polarimetric SAR Data Processing and Educational Tool - Biomass

[+ :B@ |Environment
‘ g Uata

‘ *§§{)§$§>¥eiy r Catibeation v [Utilities v][TooIs V][(‘ fig n v [F‘ ion v][HeIp v] i)

Dual Data Sets (Single Baseline Pol-InSAR) # Dolanimetric S4F Data Processi

Multi Data Sets (Time series / Pol-TomSAR)

2 En

Environment X
D:/ARSET_ESA_SAR_Course/PolSARPro_Sentinell E7| @_:_|| @]‘ ?

ﬂ Save & Exit | y e
[Envimnment v] b

ey
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Generate the C2 Matrix Elements

» ic SAR Data Processing and Educational Tool - Biomass v1.0 - Menu

e S a PolSARpro V. 6.0 { bic. )
The Polarimetric SAR Data Processing and Educational Tool - Biomass

|®| c2 ||—S_ [Environment V]iimpos'z

v [Conven

Matrix Elements

Correlation Coefficients

V]Prooess v||Display  v||Calibration V] [Utilities

V][Tools

V][Conﬁguration v][Education V][Help

v E

Elliptical Basis Change

Polarimetric Speckle Filter

Input Directory

#* Data Processing: Covariance Elements C2

*

H/ A/ Alpha Decomposition
Polarimetric Decompositions

|D:[ARSEI'_ESA_SAR_CoursefPoISARPro_Sentinel'lfCE

Output Directory

Polarimetric Functionalities - 1
Polarimetric Functionalities - 2

|D:,’ARSET_E 5S4 SAR_Course/PolSARPro_Sentinel

f[ca E”

Polarimetric Segmentation

Init Row 1 End Row

8220 Init Col 1 End Col 25832 |

v v | v | v w v v | v | ¥

cn @ Modulus " 10leg{Modulus) r BMP|
Polarimetric Data Analysis
Polarimetric Data Clustering C12  Medulus " 10leg{Modulus) " Phase r BMP|
Batch Process €22  * Modulus " 10log(Modulus) r BMP|
Span % Linear " DeciBel = 10log(Span) [~ BMP |

Select All |

Run |

Reset |

F_xi'll

Select Process 0 Matrix Elements and in the popup select C11 Modulus, C22 Modulus, and Span
linear. The selected parameters will be generated and stored in the C2 folder. You can create an

ooutputodé folder to
A Modulus & is the linear representation of the considered
A Span & A quantity giving the total power (intensity) received.

NASAYs Applied Remot e

Sensing

stor

Training

e |1 tems.

Program

[C2] element amplitude.

A In terms of the scattering matrix, the total power equal to the sum of all the matrix elements.

© Armando Marino 39 .




Stokes Parameter Generation

# Polarimetric SAR Data Processing and Educational Tool - Biomass v1.0 - Menu n 1
- # Data Processing: Stokes Parameters >
& @SQq PoisARero V.60 (bic.) o
The Polarimetric SAR Data Processing and Educational Tool - Biomass
Iv Q 'r Environment J import *E[Convert v][Process v][Display V][CalibrationV] [Uﬁliﬁes vJ[Tools v][(‘ figuration v][F" |D:.‘ARSI:—I'_ESA_S}'-\.R_COUrse}'ROUNDL‘Fllesfor ARSET/C2
Matrix Elements ’ Output Directory
Eonclton Costhoens /ARSET_ESA_SAR_Course/ROUND 2/Files for ARSET =3 El
Elliptical Basis Change
Polarimetric Speckle Fitter Init Row 1 End Row e Init Col 1 End Col 7470 ‘
1A Alpha Becomposon lones Vector (s11 / s21) Jones Vector (=12 / =22)
Polarimetric Decompositions — Stokes Components — Stokes Components
Polarimetric Functionalities - 1 Polarisation Synthesis i g0 i g0 (dB) I~ BMP i g0 i g0 (dB) [~ BMP
Polarimetric Functionalities - 2 Polarimetric Signature
Polaimetic segmenion + -y S MEME | (€= gt oL L[BME
Polarimetric Data Analysis > EZ:::::;:?;:::;&O“ C g i g2 (dB) [~ BMP = g2 " g2 (dB) [ BMP
Polarimetric Data Clustering 4 Cinripos Chmhontion [ g3 Lo g3 (dB) [~ BMmP IO g3 (o g3 (dB) [~ BMP
Baich froces OP.CE — Stokes Angles — Stokes Angles
e [T Orientation Angle [~ BMP [¥ Orientation Angle [~ BMP
Surface Inversion
Roughness - Soil Inversion ] Ellipticity Angle [~ BMP 2 Ellipticity Angle [~ BMP
RUOC PolSAR Inversion " Poincare Planisphere [” Poincare Planisphere
Sub-Aperture Analysis
— Wave Descriptors — Wave Descriptors
DEM Estimation
Polaiiation OfiesEabon Compencanan r Eigenwvalues (1, 12 [~ BMP v Eigenvalues (11, 12) [~ BMP
[T Probabilities ( p1, p2) [~ BMP [” Probabilities { p1, p2) [~ BMP
H H H 1+1 E H EMP E H EMP
Select Process >> Polarimetric Functionalities -1 A Stokes iz, = Sl =
[T Anisotropy (A <-> DoP) [~ BMP [™ Anisotropy (A <-> DoP) [~ BMP
parameters. Under the Stokes Parameters pop up there are many RET = oo ||| - Contrast (a1 /40 S
parameters to choose depending on the application of interest. I DegofLinPolar (DolP) |~ BMP || | ¥ DegofLin Polar DolP) I BMP
Select the parameters of interest and set the window size (X by X) I™ Deg of CirPolar (DoCP) I~ BMP || | ™ Deg of Cir Polar (DoCP) [~ BMP
i i i I™ Lin Polar Ratio (LPR [ BMP ||| W Lin Polar Ratio (LPR [~ BMP
of the sliding window used to compute the local estimate of the i Polariete (P in Polar Retio (LPF)
. . [~ Cir Polar Ratio (CPR) [~ BMP [" Cir Polar Ratio (CPR) [~ BMP
average matrix. The selected parameters will be generated and
Stored In the C2 folder Window Size Row | 3 Window 5ize Col q Select All | Reset | %l
Run E Exit |
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Entropy/Alpha Decomposition Parameters Generation

#* Data Processing: H /A / Alpha Decomposition >

# Polarimetric SAR Data Processing and Educational Tool - Biomass v1.0 - Menu Input Directﬂ-rj.r ‘ = O X

e s a PolSARpro V. 6.0 ( bic. ) D:/ARSET_ESA_SAR_Course/ROUND 2/Files for ARSET/C2

The Polarimetric SAR Data Processing and Educational Tool - Biomass

Output Directory

F’H’E [Environment v][lmporl v][Convert v][Prooess v] [Display v] [Calibration v] [Utilities v] [Tools v] [Conﬁguration v][Education v]

Matrix Elements
Correlation Coefficients

& [D:/ARSET_ESA_SAR_Course/ROUND 2/Files for ARSET /2 @ |‘

InitRow | 1 EndRow | 7419 Init Col 1 EndCol | 7470
Elliptical Basis Change
Polarimetric Speckle Filter I_ EigEﬂVE'UES (L1, L&) I_ BEMP
I PeudoProbabifes (o1, 2 v
Polarimetric Functionalities - 1 Ei? em{alueSetParameters I_ Alphal, Alpha2 I_ EMP
Polarimetric Functicnalities - 2 Dnestyindex phal, Alpha
Polarimetric Segmentation I_ Deltal, Delta2 I_ EMP
Polarimetric Data Analysis
Polarimetric Data Clustering - Alpha, Delta, Lambda ™ BMP
Batch Process I_ Lambda I_ BMP
¥ Alpha ™ BMP
Select Process A H/A/Alpha decomposition A Decomposition I~ Delta ™ BMP
Para_meters. Select the parameters of interest and set window size. ¥ Entropy (H) I~ BMP
In this case we select, Alpha, Entropy, and Shannon Entropy. The = o o102 N oolarat =
. . t L t
selected parameters will be generated and stored in the C2 folder. nisotropy WA {p1.p2) SrEe o e
M HA F-HA
[ Combinations (H, &) I: :] ™ BMP
I H(O-4 Fo-H-48
I¥ Shannon Entropy (H = Hi + Hp) [~ BMmP

Window Size F‘.owl 5 Window Size Col i Selectﬂlll Res
Run | =) Exit |
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Converting PolSAR Pro Output to GeoTIFF using Python

Convert_PolSARpro_Output_to Tif 20220207.py
3.6 or greater; must have GDAL

A PoISAR Pro Output (C2 folder) e .

[ & Python 3.6.7 Shell - m] x

A MasterTIF: From Exporting the _TC file to GeoTIFF/BigTIFF i 2t oy O o h
from final SNAP step; contains the georeferencing

ary wp in ENVI and one will be creaced for yew.
|nformat|0n ¢SBE_OTb_splic Cal deb Bpk TC.cif opemed successfd
D:/ARSE '11.11;:/&. \SEG"I k:11 DEE‘]ECI sAccesstllv
Output T

D:/:;RSE??rarung/cz\s:ckele::P.mn opened successfully
Output saved: D:/ARSEITraining/Parameters Georeferenced\Stokes2 DoLP 2

A List Parms.txt: Contains a list of the parameters in C2

Output d: D:/ARSETTraining/Pazameters_Georeferenced\Stokes2_g0_2
f |d t t t TI F D: /ARSETTraining/C2\Stokes2_gl.bin opened successfully
0 er O Conver O Output saved: D:/BRRSETTraining/Parameters_Georeferenced\StokesZ gl 2
D: /ARSETTraining/C2\Stokes2_g2.bin opened successfully
Output saved: D:/ARSETTraining/Parameters_Georeferenced\Stokes2_g2_202

D:/ARSETTraining/C2\StokesZ_g3.bin opensd successfully
Output saved: D:/ARSETTraining/Parameters_Georeferenced\Stokes2_g3_202

ntropy 2020082 entropy_shannon  entropy_shannon  list_parms span_20200823
20200829 _norm_20200829

Stokes2_g3_2020  Stokes2 1120200  Stokes2_12.20200  Stokes2 LPR_202
0829 829 829 00829

aved:

raining/Cz\Stokssz_g0.bin opensd successfully

tokes2_g2_2020
0829

D:/ARSETTraining/C2\5tokes2_11.bin opensd successfully
Output saved: D:/ARSETTraining/Paramsters Georefferenced\Stokes2 11 2
D:/ARSETTraining/C2\5toke 2.bin opened successfully

Output saved: D:/ARSETTraining/Paramsters_Georeferenced\Stokes2_12_202
D:/RRSETTraining/C2\Stokes2 LPR.bin opened successfully

Output saved: D:/ARSETTraining/Parameters_Georeferenced\Stokes2 LPR_20

D:/ARSETTraining/C2\5tokssz_Phi.bin opened successfully
d: D: /hR.:ETTI;l"u‘jg/PanlrEters Georeferenced\Stokes2_Phi_20:

r' D: / ARB&fAaf @2ifaldern g/ C2 0 Jemmor s :

output saved: D: /hR:E r;l'uﬂg/Pcrclraters Georeferenced\Stokes2_Tau_20

| npath

D: /ARSE ining/C2\alpha.bin opened successfully
' . . output : Di/ARSETTraining/Pazameters_Georeferenced\alpha_20
O ut at h — r D: / AR S ETTr ainin /6':) aQ [/ seresinsnaicaientropy.pin openea suzsesaruiy
- Output D: SETTraining/Parameters_Georeferenced\entropy

ining/C2\entropy_shannon.bin opened successfully

| O C a t i O n W h e r e O u t p u t S h O u I d g (f-ut.[fur. saiec.l D/r;R.:E"Tr=111‘kg,-’Pcrclrel:ers L..ecrefere‘m.ec-lte‘n:rDFV75?1553557
be located here e

ut saved: D:i/BRSETTraining/Parameters Georeferenced\entropy shannon_norm 202
9.tif
v

Ln: 24 Col: 47

Masterfile =
"D:/ARSETTraining/S1B_IW_SLC__1SDV_20200709T002321_20
2007097002348 _022387_02A7D6_65BE_Orb_split_ Cal _deb_S
p k _ T Cdlocatibnoof Master file for georeferencing
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Stokes Parameters

Potatoes

A First Stokes vector parameter
(S, rep) indicates the total
intensity of the radar
backscatter (polarized and
unpolarized), which is the
sum of the powers of the two
orthogonally -polarized
received waves.

A other three parameters
(SlGreen 1 %Blue’ and 83)
describe the properties of
the polarized portion of the
EM field.

¥ 8 S 2
B - a1 ', v - ol .
% . 3 % . 7.3
. n % ¥ i 2 -
% 1 S e '
i ST 2 o~ s

I e o G

it TR |
LR

‘ S0 July 9™, 2020, Sentinel 1 Stokes 2020 AAFC Annual Crop
‘ RGB Image Inventory Carman, Manitoba

Sl Carman, Manitoba
® -

NASAYs Applied Remote Sensing Training Program




A High values of degree
of linear polarization
represent that the
waves being
scattered are linearly
polarized.

Soybean Canola
~BBCH 60-62 ~BBCH 65-70
Early flowering Late flowering

Low DoLP - Canola
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Entropy / Alpha

The incidence angle for this burst/subswath range was approximately 36.1 °041.8°. Alpharanges from 0 to 65.5 ° with Entropy values
ranging from O to 0.99 with most of the values greater than 0.60. These are similar to what has been found for examples in t he past
using airborne SAR: Wheat Entropy Examples Canola Entropy Example

Incidence Low Higher Incidence Low Higher

Angle Biomass Biomass Angle Biomass Biomass

25 0.40 051 25 0.79 0.71

36 0.63 0.69 36 084 0.75

40 0.74 0.76 40 0.88 0.78

Alpha 45 0.80 0.80 Entropy 45 091 0.77

i

P High: 65.3

Low:0

AL
b
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Learning outcomes:

By the end of this practical you will learn how to:
N Run python code for processing PolSAR data
N Open a binary file in Python

N Visualize the images

Z

Perform filtering

N Manipulate the elements of the Covariance/Coherency matrix
N Derive the elements of the Cloude  -Pottier Decomposition

N Produce a time series of polarimetric observables
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Python

oPython is a programming language that lets you work quickly
and integrate systems more effectively . 0
https://www.python.org/

@, python’

You can find many tutorials or books on the web, the one | used is the following:
https://docs.python.org/3/tutorial/
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Downloading/Installing: Anaconda

My suggestion is to use the Anaconda installer , because it comes with most of the common
libraries: https://www.anaconda.com/products/individual?modal=nucleus

If you do not want to use Anaconda, please make sure you get the 3.x version (3.6+ will be
fine), but NOT 2.7, since some functions changed!
The 2.7 version will NOT run with the code | am sharing!

Anaconda Installers

Windows 58 MacOS @& Linux 0

64-Bit Graphical Installer (510 MB) 64-Bit Graphical Installer (515 MB) 64-Bit (x86) Installer (581 MB)

32-Bit Graphical Installer (404 MB) 64-Bit Command Line Installer (508 MB) 64-Bit (Power8 and Power9) Installer (255
MB)

64-Bit (AWS Graviton2 / ARM64) Installer
(488 M)

64-bit (Linux on IBM Z & LinuxONE) Installer
(242 M)
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https://www.anaconda.com/products/individual?modal=nucleus

Jupyter Notebook

Anaconda will install
Jupyter Notebook and
you should see its icon.

Jupyter Notebook

NASAYs Applied Remote Sensing

Training

B 7z

A

<=

A Access

B ActiveState ActiveTcl 8.4.13.0

Bl Adobe

A Adobe Acrobat DC
Adobe Digital Editions 4.5
B Anaconda3 (64-bit)
Anaconda Navigator
™1 Anaconda Prompt
Jupyter Notebook

. Reset Spyder Settings

fg} Spyder

B

- Backup and Sync from Google

C

-
28" Calculator
-

Program

9

Google Chrome

Explore

ma o

Microsoft Store Microsoft Edge

o Ppq

Solitaire

HP Client
Photos Security

A

&

Paint 3D
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Jupyter Notebook

u NASAYs Applied Remote Sensing Training Program

L.

Jupyter opens in a
web browser, and
you can upload
scripts using the
Upload button.

© Armando Marino 52 .



