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Homework and Certificate I :

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

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

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

h NASA'’s Applied Remote Sensing Training Program 3 .
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Training Objectives I :

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 time series analysis of crop growth

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

« 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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Polarimetry with Sentinel-1 Single Look Complex (SLC) Data I :

« Polarimetry allows for the use of phase and creates “richer” information than just
infensity alone.

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

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

h NASA'’s Applied Remote Sensing Training Program 6 .



‘Pseudo’ Polarimetric Parameters

Stokes parameters | A set of values that describe the partial So = |Ey|*+|Ey|?

(So. S5, 2. S3) polarization state of an electromagnetic wave S; = |Ey4|? — |Ey|?
Sy = 2|Ey||Ey| cos @y
S3 = 2|Ey||Ey | sin @yy

Orientation angle | The orientation of the linear polarization with the e ltan_li
(p) strongest backscatter S 2 Si
Ellipticity angle The ellipticity of the scattered wave = ltan_l S3
(x) 2 SZ + 52
Degree of linear |The degree of linear polarization components in DoLp — [SZ 4+ 52

polarization (DolLP) | the polarized scattering

Linear polarization | The ratio of VH and VV intensities LPR = So — 51
rafio (LPR) _So+ S
Span (1) Total intensity (VH+VV), expressed in power
- . : 1
Eigenvalues (I,) Eigenvalues of the coherency matrix I, = 5(50 +mSy)
Eigenvalues (I Eigenvalues of the coherency matrix 1
g (2) g Yy lZ =E(SO _mso)
Entropy (H) The degree of randomness of scattering See Cloude, et al. 2012

https://www.researchgate.net/publication/26062272%2 Compact Decomp
osition Theory

Alpha (@) The dominant scatftering mechanism (in See Cloude, et al. 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 0 and 1 partially_polarized_and_partially_coherent_light_with_Gaussian_fluctuations

NASA'’s Applied Remote Sensing Training Program
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Stokes Parameters

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

So = |Ey|*+|Ey|?

S1 = |EH|2 - |EV|2

Sy = 2|Ey||Ey| cos @yy
S3 = 2|Ey||Ey| sin @y

where |E| is the amplitude of the intensity and ¢4y is the phase difference between H and V. All four stokes
parameters are real numbers.

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.
other three parameters (S,, S,, and S;) describe the properties of the polarized portion of the EM field.

NASA'’s Applied Remote Sensing Training Program




Degree of Linear Polarization (DolLP) I :

 The wave incident upon the target arrives completely polarized.

« |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.

 DolLP measures the percentage of the polarized energy, which is linearly
polarized.

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

 Thisis based on Stokes and is measured as:

2 2
VST +S;
h NASA'’s Applied Remote Sensing Training Program
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Entropy / Alpha

Cloude et al. (2012), Cloude(2007) developed a
dual-polarized version of the fully polarimetric

H/a/alpha decomposition method, which only
includes enfropy & alpha.

Extends the idea of alpha as an indicator of the
dominant scattering type (e.g., multiple/volume
scaftterer, single bounce/surface scatterer, and

double bounce scatterer), in general:

— single scatterers will have lower alpha and
alpha will increase as biomass increases
(indicating a change from dominant surface

scattering to mulfiple and double bounce
scattering).

— keep in mind that how a wave scatters also
depends on the incidence angle; both
alpha and entfropy will change with
changing incidence angle.

NASA'’s Applied Remote Sensing Training Program

Wheat
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. I Region of medium entropy
gk multiple scattering
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B Region of medium entropy
I: surface scattering

o (dominant scqﬁering mechanism)

" Tlow T " Y medium high
Entropy (purity of scattering mechanism)
40 degrees
Entropy

Incidence Low Higher
Angle Biomass Biomass
25 0.40 0.51

36 0.63 0.69
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45 0.80 0.80
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Entropy / Alpha

Wheat

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

« Extends idea of enfropy from fully
polarimetric decomposition as a measure of

the complexity and/or uniformity of the
target.

— On a bare, smooth field the polarization
of the scattered wave will be

predictable from location to location; T T e ik
C]|phC| W|” ”’]diCO'I'@ d domingnce Of Entropy (purity of scattering mechanism)

i Iw Region of medium entropy
ST [, multiple scattering

| {=

A 5,

B Region of medium entropy
I: surface scattering

o (dominant scqﬁering mechanism)

. . 40 degrees
single bounce scattering and entropy
will remain low. Entropy

— As vegetation cover increases, the e Bromass Biomass
polarization of the scattered wave 25 040 051

. 36 0.63 0.69

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

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

W i
i
- Wi Flight Direction
e
?&!Er l"f'“ :
-
SENTINEL 71
y Sub-Satellite Track

Orbit Height
~700 km

/

< ~  Extra Wide Swath

J\ o

of 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
fry 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).

NASA’s Applied Remote Sensing Training Program Image Source: https://sentinel.esa.int/web/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 Azi
SLC 1x1

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
it HR 20x22 10x10 Sx1
GRD
MR 88x87 40x40 22x5
7.9x43 to
SLC 15x43 5.9%x19.9 ix1
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

Product types

Sentinel-1 imaging modes

» SLC - Single Look Complex: Slant range Single Look Complex product

« 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)

NASA’s Applied Remote Sensing Training Program Image Source: hﬁos://eor’rh.eso.inT/web/senﬁnel/technicol—qUides/senﬂnel—]—sor/prodUc’rs—olqori’rhms/l@IAﬁmamﬁ(Md@ﬂ)n0
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Sentinel-1 Data Access

€eSa opemicus

Copernicus Open Access Hub
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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 Facity's

Vertex teractive .o Help = S -
s . -
» = ’ SO Regt ] Somth Pol Please use the map and/or the search
Geospatia -
@) satellite parameters on the left to select your search
criteria.

v Geographic Region o O map

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 200800 ©@
[JALos PaLsAR o
[JrADARSAT-1 13952003 @
CJers-2 19952011 Q@
[ sers-1 1992-1992 ©
ers1 1991-1997 @
CJamsar 1990200 Q@
[ seasar 1978-1978 ©

2 Optional Search Criteria

Iragery 2018 NASA, Tewallerics | Terms of Use
Number of Frames

gt © 2010 ABSK Sente FacRRy A M B0 AATO ETpOE BSOSO PETRO0N NS SrTYORS MG CECTITIIGES BSANS! 3% FOMON
Ve AS# g Sata Poma V3 0653 e ex e 2I0 K2R TR 200
Frone (907) £74-5041 MR Conmace

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

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

Area of Interest

Canadian
2021 Crop
Inventory

« 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) YYYYMMDD - 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 1or2 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)

NASA’s 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 &
GeoTlFF/BigTIFF

NASA’s Applied Remote Sensing Training Program

Import C2 matrix to PoISARpro

v

Process : Extract parameters:
Matrix elements: C11, C22 and span
Stokes Parameters:

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

Ellipticity Angle

Eigenvalues |, |,

Degree of Linear Polarization
Linear Polarization Ratio

H / Alpha Decomposition

Alpha

Entropy

Shannon Entropy

v

Convert PoISAR Output to
Geotiff

SNAP

PoISARpro

Python

© Armando Marino




Generating C2 Matrix with SNAP I :

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

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

* First step to create pseudo polarimetric parameters is generating [C2] 2x2
Covariance Matrix using ESA’s SNAP

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

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

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

h NASA'’s Applied Remote Sensing Training Program




Apply Orbit File

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

« To assure a fast delivery of Sentinel-1 products, orbit
information generated by an on-board navigation solution
is stored within the Senftinel-1 Level-1 products.

* The orbit positions are later refined by the Copernicus
Precise Orbit Determination (POD) Service.

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

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

u NASA’s 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/BIigTIFF
O AllTlal d

V



B snap

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

Apply Orbit File SR OCE Fhd P monn JOPLLT IBELLE

Product Explorer X I Pixel Info | Speckle Filtering =

i
©-& [1]518_IW_SLC__1SDV_20200709T002321 2020070 Coregistration 5E

& Metadata Interferometric

>

>

>

G- (3 Vector Data 2

. G- (3 Tie-Point Grids Polarimetric >

GO TO RGdGr Menu 9 Apply OrbIT C]Quiddooks Geometric >
=-&3 Bands Sentinel-1TOPS >

-~ w1V ENVISATASAR >
>

>

>

L]
FI | e B qwive SAR Applications

= i W
[ Intensity_1w1_vH Soil Moisture

« |/O Parameters tab: source 2 E | oirem
Senfinel 1 SLC image + Target o
product o  sepy o >
e Processing Parameters tab: e

E] Intensity_TW3_VH 10 Parameters Processing Parameters

 Orbit State Vectors: Sentinel 8 v orbit state vectors: Egrine Fregi (s Goviond)

[ q_Iw3_w

B} Intensity_Tw3_wv Polynomial Degree: |3

Precise (Auto Download). _
« Polynomial Degree: 3 s cons s oeran v
« Click Run and Close window
when completed
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S1 TOPS Split Apply Orbit file

S1 TOPS Split

« TOPSAR Split operator splits each sub swath intfo

selected bursts Radiometric

Calibration
(complex output)

« Limifs the amount of data to process, reducing

processing time and memory requirements
S1 TOPS Deburst

B s-170Ps Spiit X

Fie Hep S1 TOPS Merge

1/O Parameters Processing Parameters
Polarimetric
Speckle Filter

Terrain correction

Subswath: |12

v

Polarisations: (i3}
W

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

DI I(I

Export C2 matrix to
= PolSARPro format&

GeoTIFF/BigTIFF
NASA’s Applied Remote Sensing Training Program © Armando Marino




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

AR DE S LA P wowne QAWMLY ABBLSE XS

S1 TOPS Split P —— e —

. Radiometric
G 1- R d M 98 -I- |_] TOPS 1| Product Explorer X | PixelInfo | o =
O 10 aaar enu entine Br gu ﬂ[ﬂ :mi:v;_SLlcjfsoc_;ozoomgroozszl_zozoom Ze,:::::::g z ¥ _orb
> 5-1 TOPS Spiit: B3 e
p : 5@ Tie-Point Grids Bolarimetric y
arameters tab: source roi | “Tan S 1707
b |/ O P -I- 1- b 9 O b -I- o B w1 [ Sentinel-170PS > | 5-1SLC to GRD
. ° g Iq_1w1_VH .  ENVISATASAR > | s Slicet:\ssembly
' Intensity_IW1_\ R - L
corrected S1 SLC image + Target | EoT oo [ siomsei
: L SAR Utilites > ELeo
) ‘B Intensity_1w1_w | sessaiiesy ¥ | !
p ro d U CT E = i_LIW2 S-1Remove GRD Border Noise
M . ; q—IWZ_‘VH S-1 TOPS DerampDemod
« Processing Parameters tab: I o s
- Subswath: choose either IWT, |8 e ‘
° : B w3 v
3 [l q_IW3_VH
|W2 or |W3 ‘ g,“‘l‘;';s‘;”v-“w-"*' B s-1 Tops split X
: W3,

[l qIwW3_wW File Help

« Polarisations: Highlight one or e
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

1/O Parameters Processing Parameters

[Endl =

o+ 681 100 3840 x 1205px
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Radiometric Conversion

S1 TOPS Split

* SAR SLC products are complex and must
be converted o real (intensity) and Ew———

imaginary (phase) channels. Calibration
(complex output)

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

S1 TOPS Deburst

* SNAP will automatically determine what S1 TOPS Merge
kind of input product you have and
what conversion needs fo be applied Polarimetric
based on the product’s metadata. Speckle Filter

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'

ER DCE T hd P twvorthe @BlwlFY ARGTHSB T D
| Radiometric > | \ Calibrate 1
M M Product Explorer. X [Poelinta SpeckleFiltering > Radiometric Terrain Flattening
I I . =] 2] S1B_IW_SLC__1SDV_20200709T002321_2020070] : -
O O O O r e n U O I O e rl C g Meda - = _— Coregistration 23 Remove Antenna Pattern
@- (@3 Vector Data Interferometric . S-1 Thermal Noise Removal |
M ° - @ Tie-Point Grids Polarimetric »
alorare. = - S
i Sentinel-1TOPS >
B v S Create Calibration LUTTPG
R @l aawsH ENVISATASAR >
« |/O Parameters tab: source — S| - et s v ae
. [ iIw3_w A
B aawaw Soil Moisture >

Tops Split & Orbit Corrected | smme |
Image + Target product — :

- Select "Save as complex output”

* Processing Parameters tab: orrancis Frecesngrromeer

« Click Run and Close window
when completed

Polarisations: WVH

Colour i i Uncertainty Visualisation

Bave as complex output
Qutput sigma0 band
Cutput gamma0 band
Qutput betal band
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S$1 TOPS Deburst

Apply Orbit file

S1 TOPS Split

The images for all selected bursts from the ——
previous results in the selected sub-swaths are ?;Zﬁé?;“féﬂc
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
NASA’s Applied Remote Sensing Training Program © Armando Marino 26




ﬁ [3] S1B_IW_SLC__1SDV_20200709T002321_20200709T002348_022387_02A7D6_65BE_Orb_split_Cal - [D:\ARSET_ESA_SAR_Course \ROUND 2\Calibrate\S1B_IW_SLC__1
s 1 TO PS De b U rst |File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

AR DE T hd P o @AY SBE S S T

Radiometric

|| Product Explorer X | Pixel Info ‘

(B 13 Intensity_w3_vH x|
ER=Y (5] 515_1w_SLC__1SDV_20200709T002321_2020070

Speckle Filtering > o=

Coregistration JgE_Orb_split_Cal

Go to Radar Menu = Sentinel-1 comere 0|
TOPS = S-1 TOPS Deburst: Ssptcses > | Crrosogn

Soil Moisture > 5-1 TOPS Deburst

« |/O Parameters tab: source — | .
Orbit, TOPS Split, Calibrated S1 6
SLC image + Target product |

« Processing Parameters tab:

« Polarisations: VH, VV
« Click Run and Close

window when completed

€ 517051
File Help

1/0 Parameters Processing Parameters

Polarisations: yH
W
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S1 TOPS Merge

If you have processed multiple sub swaths of one
iImage (e.g., 1 to 3), the S1 TOPS Merge operator
merges the merged bursts, as sub-swaths products
iInfo one complete product

NASA’s Applied Remote Sensing Training Program

Apply Orbit file
S1 TOPS Split

Radiometric
Calibration
(complex output)

S1 TOPS Deburst
Ny
SRS RN

Polarimetric

Speckle Filter

Terrain correction

Export C2 matrix to
PolSARPro format
& GeoTIFF/BIgTIFF _




S 1 I O I S M e rg e 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

SR DE JhdPo| woun QUL IBRELSE NE

Radiometric > f

Product Explorer X ‘ Pixel Info J Speckle Filtering > | — || 4] Intensity_IW3_VH X

©-& [4]S18_IW_SLC__1SDV_20200709T002321_2020070, 5 3E_Orb_spiit_Cal_deb

e R e Coregistration
1 - Metacata Interferometric >
O 10 Kaaar menu entinel- Q3 vector bt e
(32 Tie-Point Grids Polarimetric >
=3 Bands Geometric >
TOPS = §-1 TOPS Merge: 3 o
g ¢ @ 9w ENVISATASAR > 511 Slice Assembly
- Intensity W3 VA SAR Applications > 5-1TOPS Split
* ~B s Soil Moist: >
¢ O rO I I Ie ers O SO U rC( } [ qIw3_wW OfT o 5-1TOPS Deburst
L4 23 b opers - |
[ intensity_1w3_w SARUlties 2 5-1TOPS Merge

Orbit, TOPS Split, Caliorated & (==
TOPS Deburst S1 SLC images + IR
Target product
* Processing Parameters tab:
« Polarisations: VH, VV
« 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 —
Polarimetric

Speckle Filter

Terrain correction

Export C2 matrix to
PolSARPro format

& GeoTIFF/BigTIFF
NASA’s Applied Remote Sensing Training Program © Armando Marino 30




[ (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 Help

Polarimetric Speckle Filter SBOC ThdPs| woun QHRWLI GBBEALTENE

Radiometric =
Product Explorer X I Pixel Info [ Speckle Filtering > - E [4] Intensity_IW3_VH X‘
-8 [4SBIW_SLC_ISDV_20200709T002321 020070 (Coregistration > E-Orb_spit Cal deb
@ Metadata Interferometric >

- (@3 Vector Data .
N :
([ Tie-Point Grids Polarimetric | Compact Polarimetry

Go to Radar Menu - Polarimetric ‘@ comex | Gt

B i1w3 wH Polarimetric Matrix Generation

> P | M -I- : S |<| F M | -I- . B s ENVISAT ASAR & Polarimetric Speckle Filter
i ity IW3_VH sy
O O rl I I l e rI C p e C e I er . a vIntensuty_I V3. SAR Applications > Polarimetric Orientation Angle Correction
-l iIw3_w Soil Moisti "
[ qIw3_wW LIS Polarimetric Decomposition

« |/O Parameters tab: source - T e s S odamaicpanas
Orbit, TOPS Split, Calibrated & B |
TOPS Deburst (and Merged if @ Poaimenic pecki it
using more than one sub swath) e
S1 SLC images + Target product e

* Processing Parameters tab: Fiter Sze: |7

« Speckle Filter: Choose one
of four speckle filter types

 Filter Size: Select filter size

* Click Run and Close window
when completed

I/0 Parameters Processing Parameters

Run Close
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C2 Matrix is Generated - Terrain Correction

L.

| C

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

Model (DEM) data, corrects topographical EZﬁk')?amtS;'C

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

geometric correction. The method needs S1 TOPS Deburst

information about the topography (hormally

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 Polarimetric

the imoge. Speckle Filter

Terrain correction

] Export C2 matrix to

PolSARPro format
& GeoTIFF/BIigTIFF
NASA’s Applied Remote Sensing Training Program © Armando Marino 32




C2 Matrix is Generated -
Terrain Correction

Go to Radar Menu - Radar »

Geometric - Terrain Correction -

Range Doppler Terrain Correction:

« |/O Parameters tab: source - C2
Matrix + Target product

* Processing Parameters tab:

« Digital Elevation Model: SRTM
1SEC HGT (or appropriate for
your areq)

« Most parameters will be set as
per your AO|

* Click Run and Close window
when completed

NASA'’s Applied Remote Sensing Training Program

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

&l ' Jd b o ’ )
[ Product Explorer X | Pixelinfo |

E =-& [1] S1B_IW_SLC__15DV_20200709T002321_2020070

- (32 Metadata
4 (@2 Vector Data
@[3 Tie-Point Grids
=-&3 Bands
c11
B c12.real
B c12_imag

B c2

it Fi 3 oL ;i Gep Bgg ) D
Pl QRELSE X o
Radiometric >

Speckle Filtering > s l ‘

Coregistration 5 3E_Orb_split_Cal_deb_{|

Interferometric >

Polarimetric >

Geometric 2 Terrain Correction 2 Range-Doppler Terrain Correction
Sentinel-1TOPS > Ellipsoid Correction > SAR Simulation

ENVISATASAR > SAR-Mosaic SAR-Simulation Terrain Correction
SAR Applications > SAR Mosaic Wizard

Soil Moisture 4 ALOS Deskewing

SAR Utilities >

Slant Range to Ground Range
Update Geo Reference

@& Range Doppler Terrain Correction
File Help

10 Parameters Processing Parameters

q<

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

Source Bands: C11

C12 real
IC12_imag
222

Digital Elevation Model: SRTM 1Sec HGT (Auta Download) -
DEM Resampling Method: BILINEAR_INTERPOLATION -
¢| | Image Resampling Method: BILINEAR_INTERPOLATION v

Source GR Pixel Spadngs (az x rg): 13.9(m) x 3.69(m)
Pixel Spadng (m): 15

Pixel Spacing (deg): 1.3474729261792829E-4

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

Mask out areas without elevation [ ] Output complex data
Output bands for;

Selected source band [JoEM [ Latitude & Longitude

[] Incidence angle from ellipscid [ | Local incidence angle [ Projected local incidence angle

] Apply radiometric normalization

Save Sigmal band Use projected local inddence angle from DEM
Save Gammal band Use projected local inddence angle from DEM
Save Betal band

Auxiliary File (ASAR only): Latest Auxiliary File

Run Close




Export C2 Matrix from SNAP to PoISAR Pro Format “
& GeoTlFF/BigTIFF — TOPS -

PolSARpro format has all bands of m——
data in .bin and .hdr pairs. A Calibration
‘config.ixt’ file and a ‘metadata.xml’ (complex output)
file are under the output folder.

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
NASA’s Applied Remote Sensing Training Program © Armando Marino 34




Export C2 Matrix from SNAP to PoISAR Pro Format
& GeollFF / B|gT| FF i o ven Ay o v e Ot o 1o i T LA A e

S (PR ANLORMLT ABELS

Recpen Product

“w  Product Library -
h0709T002321_20200709T002348 ZA7D6_556E_Orb_spiit_Cal_deb

Close Product
Close All Products

Save Product

PLUS!! File & Export >

GeollFF/BIgTIFF o be used as o e —

SMOS EE Files to NetCDF... Gamma for PyRate

“Master Tif"" during the Python

SMOS Grid Points ... Generic Binary BSQ

Gamma

generation of the Tif’'s from the s
PolSARpro output -

gation X | Colour i i Uncertainty Visualisation World View

b
e

B snaP - Export Product

Savein: FolSAR Pro > SHER-

- Subset...
=

Recent Items

Desktop

Documents

¥ tm . File name: LC__1SDV_20200709T0D02321_20200709T0023468_022387_02A7D6_658E_Orb_split_Cal_deb_Spk_TC.hdr Export Product
letwor}

Files of type: | polsaRPro product writer (*.hdr) - Cancel

© Armando Marino 35
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ESA PoISAR Pro v6.0.3 ©esa  poisARPRO v6.0.3

g (BlomASS EDITION)

5 WIN64 INSTALLATION

* Long term research software for fully e PROCEDURE
polarimetric data analysis

1 - PRE - INSTALLATION

d F re e O n d O p e n for d OW n | O O d PolSARpro v6.0.3 (Biomass Edition) Software requires the installation of the following

packages (if not already installed on the machine) -
 PolSARpro vé6.0 (Biomass Edition) |
Institut d'Electronigue et des

Technigues du numéRique - UMR
CNRS 6164 (univ-rennes] .fr)

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

editor. The current stable release of Gimp for Windows platform 1s available for

. ! Gimp (GNU Inage Manipulation Program) 1s a free and open-source graphics
# download from :

hittps :ZAvww. gimp. org/downloads/

A= ImageMagick 1s a free and open-source software suite for converting / creating /
editing 1mage files. The current stable release of ImageMagick for Windows
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 for Windows platform 1s available for download from :

a SNAP (Sentinel Application Platform) reunites all Sentinel Toolboxes mn order to

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

Calculate SAR Polarimetric Parameters Using PolSARpro: Import Data

 Create a “C2" folder and copy all files exported from SNAP to this folder.
— The C2 folder name will enable PolISARPro to recognize the dataset

« Modify the config.txt file. Change the ‘PolarType’ to ‘pp?2’.
— This term allows PoISAR Pro to identify that this data is represented as a 2 x 2

L]
I I l O Trlx urse > ROUND2 > PolSARPro > S1B_IW_SLC_15DV_20200709T002321_20200709T002348_022387_02A7D6_65BE_Orb_split_Cal_deb_!
Name Type Size
. || €11.bin BIM File 832,661 KB
_| configtxt - Notepad 7 €11 binhdr HDR File 1 KB
. . . || C12_imag.bin BIN File 832,667 KB
File Edit Format Wiew Help T C12_imag.binhdr HDR File KB
N row J C12_rea|.b?n BIN F”_E 832,661 KB
|| €12_real.bin.hdr HDR File 1 KB
8228 | | C22.bin BIN File 832,667 KB
_________ [ C22.bin.hdr HDR File 1 KB
=] config.tct Text Document 1KB
NCUl & metadata.xml AML 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
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Setting an Environment in PoISAR Pro

Start your PoISAR Pro edition on your desktop )
1. Click on PoISAR Pro Biomass on the initial tool bar  p s

and then select “Enter” on the pop up.

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

2. The main PolSAR Pro Biomass tool bar opens.

3. First set the “Environment”, which is the folder
holding your main data set contained in the C2
folder

> POLSARPRO V. 6.0 (bic,.)

The Polarimetric SAR Data Processing and Educational Tool - Biomass

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

e s a PolSARpro V. 6.0 ( bic,.)
The Polarimetric SAR cessing and Educational Tool - Biomass

{v_ :B:C lEnvironment \ DEESE *§§{)§$§>¥eiy
[Smermca oo |

Dual Data Sets (Single Baseline Pol-InSAR)

* {Catibeation v Utilities  v)(Tools v|(Configuration v)(Ed

ion v][HeIp

#* Polarimetric SAR Data Processi

Multi Data Sets (Time series / Pol-TomSAR)

»

Environment P
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

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

= e S a PolSARpro V. 6.0 { bic. )
\ SEE The Polarimetric SAR Data Processing and Educational Tool - Biomass
v 2 ||—5_ [Environment V] impornt V] Process  v|(Display v||Calibration V] [Utilities

Matrix Elements

v E

V][Tools V][Conﬁguration v][Education V] [Help

# [Conven

Correlation Coefficients

#* Data Processing: Covariance Elements C2 hd

Elliptical Basis Change

Input Directory

Eoledmemcopeckbivler [D:/ARSET_ESA_SAR_Course/PolSARPro_Sentinel1/C2 ‘

H/ A/ Alpha Decomposition
Polarimetric Decompositions

Output Directory
[D:/ARSET_ESA_SAR_Course/PolSARPro_Sentinell = E:l‘

Init Row 1 End Row 8220 Init Col 1 End Col 25932 |

cn @ Modulus " 10leg{Modulus) r BMP|

Polarimetric Functionalities - 1

v v v v | v | ¥

Polarimetric Functionalities - 2

Polarimetric Segmentation

Polarimetric Data Analysis 4
Polarimetric Data Clustering 4

ci12 " Medulus " 10leg{Modulus) " Phase r BMP|

Batch Process €22  * Modulus " 10log(Modulus) r BMP|

Span % Linear " DeciBel = 10log(Span) [~ BMP |

Runl E Ex'rll
Select Process — 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
“output” folder to store items.

« Modulus - is the linear representation of the considered [C2] element amplitude.

« Span — A quantity giving the total power (intensity) received.

« |In terms of the scattering matrix, the total power equal to the sum of all the matrix elements.
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Stokes Parameter Generation

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

# Data Processing: Stokes Parameters >

§ A olISA V. 6. (o
esa s F.!prc.) - ( b'o\ ) 5 . Input Directory
The Polarimetric SAR Data Processing and Educational Tool - Biomass

|D:.’ARSEI'_ESA_SAR_COUrSFJROUND 2/Files for ARSET/C2

Iv 2 'r Environment J?m;x)si *E[Convert v][Process v][Display V][CalibrationV][Uﬁliﬁes vJ[Tools v][(‘ fig

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 (s12 /s22)——
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
RVOG 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
1 1 1 1+ E H EMP E H EMP
Select Process >> Polarimetric Functionalities-1 - Stokes sy e g e g
1_ U d 'I'h S'I' k P 1_ 'I'h [T Anisotropy (A <-> DoP) [~ BMP [™ Anisotropy (A <-> DoP) [~ BMP
parameters. Under the Stokes Parameters pop up there are many | - = = oe ||| = conmstst 760 o
parameters to choose depending on the application of interest. I Deg of LinPolar (DolP) |~ BMP ||| % DegofLinPolar(DolP) I~ BMP
Select the parameters of interest and set the window size (X by X) I™ Deg of Cir Polar (DoCP) ~ I™ BMP | | | I Degof Cir Polar (DoCP) I~ BMP
HP : H 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 maitrix. The selected parameters will be generated and

stored in the C2 folder. Window SizeRow | 5 WindowSize Col | 4 selecmul Resetl %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 > H/A/Alpha decomposition 2 Decomposition I~ Delta ™ BMP
Porqme’rers. Select the parameters of interest and set window size. ¥ Entropy (H) ~ BMP
In this case we select, Alpha, Entropy, and Shannon Entropy. The = P 0 oolarcat =
. . 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 Row | 5 Window Size Col i Select All | Res
Run | =) Exit |
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Converting PolISAR Pro Output to GeoTIFF using Python

Convert_PolSARpro_Output_to_Tif 20220207 .py
3.6 or greater; must have GDAL

° P O | S A R P ro O U Tp U T (C 2 fo | d er) « im: S>ha:.: PCVIjWData (D) > ARSETTraining » Parameters_Georeferenced v e

*  MasterTIF: From Exporting the _TC file to GeoTIFF/BigTIFF L e e 1 h
from final SNAP step; contains the georeferencing S5 T i B o b e o
information

=== RESTART: D:\ARSETTraining\convert Pnl:-ARpm Output_to_Tif
J.'x:l.ﬁg/::l’ IW_SLC__15DV_z 2020

list_parms span_20200823

20200829 _norm_; 20200829

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

\ successrully

ining/Parameters_Georeferenced\span_202
1—;1-@/\. Stokes2z DoLP.bin opsned successfully
Output saved: D:/ARSETTraining/Parameters_Georeferenced\Stokes2_DoLE_2020

* List_Parms.txt: Contains a list of the parameters in C2 et e e e s

i: D:/ARS
ing/C2\5tokesz_gl.bin opensd successfully

folder to convert to TIF DL /ARSETiasnsng/Co\seakees gl bin pened suecssnbulty |

D:/ARS ining/C2\Stokes2_g2.bin opensd successfully

output d: D: ining/Farameters_Georeferenced\Stokes2_g2
D:/ARS inin Stoke=s2 g3.bin opensd successfully

output d: D:/RRSETTraining/Parameters_Georeferenced\Stokss2_g3_2

ining/C2\Stokes2z_l1.bin openad successfully
Cutput saved: D:/ARSETTraining/Parameters_Georejferenced\Stokes2_11 2
ining/C2\Stoke

_12.bin opened successfully
ining/Faramsters_Georefsrenced\Stokss2_12
_LPR.bin opened successfully
ETTraining/Parameters_Georeferenced\Stokes2_LPR
_Phi.bin opened successfully
raining/Parameters_Georeferenced\Stokes2 Phi :
ining/C \Stokes2 _Tau.bin cpened succsssfully

D: 1111g/Pcrcwaters Georeferenced\Stokes2
.bin opened successfully

Inpath = r'D:/ARSETTraining/C2' — location of C2 folder e

0 o e ] HERET .=7=. : mocsot:
Outpath =r'D:/ARSETTraining/Parameters_Georeferenced’ — D ARSETTning/ 2 gy b cpenes mesenttialy
D:/ARSET' ining/C2\entropy_shannon.bin opened successfully

|OCO‘I’iOn Wh ere OU'I'pU'I' ShOU |d go; b LiS'I'_POrmS .'I'X‘I", ShOU | d C:Zi.lt. saved: D:/ARSETTraining/Parameters Georeferenced\entropy_shannon 20200829

D:/ARSETTraining/C2\entropy_shannon_norm.bin opensd successfully

be |OCO-I-ed here output saved: D:/RRSETTraining/Parameters_Georeferenced\entropy SNannon norm 202
o tif

Ln: 24 Col: 47

Masterfile =
r'D:/ARSETTraining/S1B_IW_SLC__1SDV_20200709T002321_20
2007097002348_022387_02A7D6é_65BE_Orb_split_Cal_deb_S
pk_TC.tif" — location of Master file for georeferencing
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Stokes Parameters

First Stokes vector parameter
(Sp 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.

other three parameters
(S1Green' S2Blue' and SS)
describe the properties of
the polarized portion of the
EM field.

AN R XY

ST
S2
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Potatoes

SO July 9th, 2020, Sentinel 1 Stokes

RGB Image
Carman, Manitoba

4 3 Ly

2020 AAFC Annual Crop
Inventory Carman, Manitoba




Low DolLP - Canola

« 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

July 91, 2020, Sentinel 1 Image
Carman, Manitoba
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Entropy / Alpha

The incidence angle for this burst/subswath range was approximately 36.1 ° — 41.8°. Alpha ranges from 0 to 65.5° with Entropy values
ranging from 0 to 0.99 with most of the values greater than 0.60. These are similar to what has been found for examples in the 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 0.51 25 0.79 0.71
36 0.63 0.69 36 0.84 0.75
40 0.74 0.76 40 0.88 0.78
Alpha 45 0.80 0.80 Entropy 45 0.91 0.77

o .

i : : g i . ,-.\:.‘: e i i3 %~ A e W
an, Manitoba
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Learning outcomes:

By the end of this practical you will learn how to:

v Run python code for processing PoISAR data

v Open a binary file in Python

v Visuadlize the images

v Perform filtering

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

v Produce a time series of polarimetric observables
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Python

L.

"Python is a programming language that lefs you work quickly
and integrate systems more effectively.”
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/

u NASA’s Applied Remote Sensing Training Program © Armando Marino 49 .




Downloading/Installing: Anaconda

My suggestion is to use the Anaconda insfaller, because it comes with most of the common
libraries: hitps.//www.anaconda.com/products/individualgmodal=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

NASA’s Applied Remote Sensing Training Program

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

Calculator

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

— Home X v

C  © localhost:8888/tree

~ Jupyter

Files Running Clusters
Select items to perform actions on them.

Jo ~ W/

O 0[O 3D Objects

O 0[O ARSET-2022

O Contacts

0O 0

O Desktop

O Documents
O Downloads
O Favorites

O Google Drive
O Links

O Music

0O old

O0|0/0/00|0(0O

O OneDrive
(O OneDrive - University of Stirling

O Pictures

O 0 0o

O POLINSAR training 2021

O

O RCM1_OK1112357_PK1228080_1_QP22_20200824_002123_HH_VV_HV_VH_SLC_Cal_TC.data

O

0 Roaming
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Upload New~ &

Name ¥ Last Modifi
a year ago
2 hours ago
ayear ago
8 days ago

7 months ago

2 hours ago

Jupyter opensin a
web browser, and

a year ago

you can upload
5 hours ago Scrip-l-s Using .I.he

7 months ago

5 hours ago Uploqd bUTTOﬂ.
2 months ago

a month ago

a month ago

4 years ago v
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Spyder

B 7z
Anaconda will install the A
Python editor Spyder and you ?

Google Chrome

should see the icon belo B Actvestate ActiveTd 84130
Bl Adobe

Explore

J~ Adobe Acrobat DC

-L_":: = -~
Sp}"d er Adobe Digital Editions 4.5 u

7S

= Microsoft Store Microsoft Edge
B Anaconda3 (64-bit)

Anaconda Navigator ,
Spyder is a handy editor, and you may want =] usaconsiaprosupt _ Q ..
to use it when you are scripting o i —
operational/automatic processing stacks. B cesetSpycerSetings

: Spyder HP Client
Photos Security

B

i Backup and Sync from Google v A
[

2 Paint 3D

-
8" Calculator
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Data: RCM: Location: Carman, Manitoba, Canada

The crops are: https://open.canada.ca/data/en/dataset/ba2645d5-4458-414d-b196-6303ac0é6c1c?

forage, canola,
flaxseed,
sunflower, |
soybeans, corn, @~ - Rorerre .Sreohemf'e'd/f Cﬂ C — I
barley, spring
wheat, winter
wheat, rye, oat, fe
canary seed,
potato and field
pea. *

Learys
53¢}

Graham

¢ [
Pomeroy

Deerwood

Info on crops
can be found at
\ 23] Miami Rosebank m“Roland

the link provided : NG

by Agriculture o i 5

and Agri-Food e s e AT
CO nOdO, GOV. Image ¢ 2022 Maxar 'ccrwo'cqacs Google Earth

Canada. N ———
49° 24.524' N 97°55.290 W elev 258'n



https://open.canada.ca/data/en/dataset/ba2645d5-4458-414d-b196-6303ac06c1c9

Data: RCM: Location: Carman, Manitoba, Canada

Pauli RGB for 24" August 2020.
Carman, Manitoba, Canada.
Multi-looked 7x14, not geocoded.

RADARSAT Constellation Mission Imagery ©
Government of Canada (2020). RADARSAT is an
official mark of the Canadian Space Agency.
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Data: SAOCOM; Location: Cordoba, Argentina

“

[N
\\
Capilla de

The crops are
mostly corn and
soybean.

SAOCOM
(Argentine
Space Agency)

n Bouwer TO[?-QO

These data can
be used for
training

urposes only. S . Lozada oy, ROCER o
p p y saltalcidcia )’-

Anisacate :
Image © 2022 Maxdiechnologies ™
Image © 20220CNES LAirbus

NASA'’s Applied Re Vil »BSIsa




Data: SAOCOM; Location: Cordoba, Argentina

RGB Pauli: Full size

~ s o el

Pauli RGB for 111" March 2020.
Cordoba, Argentina.
Multi-looked 5x8, not

geocoded.

400

SAOCOM® product - ©CONAE -
(2020). All rights reserved. CONAE is
the Argentine Space Agency. 500 ¢

These data can be used for training
purposes only. 600

700

0 100 200 300 400 500 600 700
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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 1o the
training website following the
conclusion of the webinar.

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

L.

Trainers:

— Laura Dingle-Robertson: laura.dingle-roberison@AGR.GC.CA

— Armando Marino: armando.marino@stir.ac.uk

Training Webpage:

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

ARSET Website:

— hittps://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
Twitter: @NASAARSET

u NASA’s Applied Remote Sensing Training Program 59 .



mailto:laura.dingle-robertson@AGR.GC.CA
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET

Thank Youl!
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