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PolSARpro Tutorial

Part 1:
+ Infroduction
* Hands on Experience
- Data Import, Image Extraction
- Matrix Conversion
- Polarimetric Speckle Filtering
Part 2:
* Polarimetric Decomposition Theorems
 Hands on Experience
- Matrix Decomposition
- Land Use Classification
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Software Tool
PolSARpro vb.0
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PolSARpro Tutorial

The Polarimetric SAR Data Processing

@ Polarimetric SAR Data Processing and Educatienal Teel v3.0 - a x

§oesa

2 POLSARPRO V. 5.0

The Polarimetric SAR Data Processing and Educational Tool

http://earth.esa.int/polsarpro

www.esa.int European Space Agency

Please note that the following slide are
based on PolSARpro v4.2

The GUI structure and main functions in
v5.0 are basically the same with only minor
changes in the arrangement of the icons,
etc.
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NASDA
a.

PolSARpro v5.0 Software offers the possibility to handle and convert
polarimetric data from a range of well established polarimetric
airborne platforms.

&
ToHoKu &

SIR-C
. ENVISAT — ASAR ()

The Palarimetric SAR Data Processing and Educational Tool

TerraSAR = X

PolSARpro v5.0 Software offers the possibility to handle and convert
polarimetric data from a range of well established polarimetric
airborne platforms.
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The initiative development of
result of recommendations made during the
held at ESA-ESRIN in January 2003.

wesieg o e

% EOPI

Earth
Observation
Principal
Investigator
Portal

=

hitp#earth.esa. int/gut http:/fearth.esa int/polsarpro http:/fearth esa.int/nest http:ifearth.esa.int/beam http:/aarth esa.intibeat hitp; W earth.esa int/brat

Gesa s Qosa Geose

+ POLSARPRO
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Tool specifically designed to handle :
Polarimetric data

and

Polarimetric Interferometric data.

offering a tool for
self-education
in the field of POLSAR and POL-InSAR
data processing and analysis.
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USER INTERFACE

PolSARpro Software is conceived as a
flexible environment, with a friendly and
intuitive Graphical User Interface GUI

The graphical user interface (GUT) is written in Tcl-Tk
321185 lines managing |52 widget windows

1078 Croutines (4642032 lines) performing well-
established algorithms in the field of POLSAR and
POL-InSAR.

MODULAR STRUCTURE

Each element of the Software (a function)
can be cxfracted and incorporated
individually into us2r<" own processing
software.
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PolSARpro MAIN WINDOW

Full Screen
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PolSARpro SOFTWARE
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Run Trace
Progress Bar Specific Tcl-Tk widget window providing
operational and informative error messages.
Backtrace with each warning or error message
(equivalent to the Unix command: troff).

[ et oy D TP AFELERTTSI A z g " 2 e e TEH00 AR TR 6 T DOCLME ERCRT LLCALS T ATarart
P4 21T 2.0 147 22 _co™

PolSARpro SOFTWARE
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Polarimetric Data Format
Selector

{ Polarimetric Data Format X
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PolSARpro SOFTWARE

Eomod b Conwt  Pacen Doy Caben

PolSARpro Full Software
- Single Data Set
- Multi Data Sets

Dlspiay .Eall.ﬁral\on

Spaceborne Sensors: Airborne Sensors:

ALOS, ENVISAT AIRSAR, Convair, EMISAR
RADARSATZ2, TerraSar, SIR-C ESAR, PISAR, RAMSES

Version for the EO Scientific Investigator

Environment

netric SAR Data Processi

Ervironnement  Import  Conwert  Process

Import Data Calibration Assessment

Process Data

Convert Data

Environmental Remote Sensing
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PolSARpro SOFTWARE

Google Earth

Viewer Display Tools

About PolSARpro

Tutorial on Help
POLSAR and Files
POLinSAR
PolSARproSIM
*Ground
-Small Veg
Forest

=
[Fm sresimpm i
Lo PofiaRian w4 2 Eonussian
[Eiee atrcimatipen PP

PolSARpro SOFTWARE

Google Earth
Viewer Display Tools PDF

BECE

Aho About PolSARpro

Tutorial on Help

POLSAR and {5
POLIinSAR

PolSARproSIM
*Ground
-Small Veg
Forest

[Fm sresimpm i
Lo PofiaRian w4 2 Eonussian
[Eiee atrcimatipen PP
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Tutorial Notes
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Lecture Notes

e =]
Em o yl\m:x Lo Dv"ﬂmei Db e v Farke L

CEdAsE-S-2 80D

|| @

e Fy e« B = - | | T

a1l A - m|<EP|

PoLSARFRO v3.0 - LecTure NaTss
BASIC CONCEPTS IN RADAR POLARIMETRY

Wolfgang-Martin BOERNER

IC-ECE Communleatons, Seusing & Naviganisn Labseasey
053, Tt St SEL () A SO S5 CHICAGO LTS ST

i et T o L B B
Gonpes ocion ool Ceetr Bt L.

L5

e Sy Pz

: iy e
i £ o p kel
T Fincnd P i

[V b
61 .

1
celrivstan bae
181

Wit Destpeon T
The W Dt ul Pl Polis i vt
e

s T
o M,

R g —y \m»-smwmm» zmm:u..m
A1 Londsma: of T 1 S 5.

31 e rrper

Fowe Dy Wit

i

A 1 Mobeted Tose Anteras (s Bsmisemt)

BT The Sealing Feseurs Vet Tan
The Uneary mmmmdm%nm
ke ol it

lctin

i o s P Vi,

:

Reecerk Advances
Basic Corwests

Fil-InA% Teaining Course:
Polarization Coherence Tomagraphy (PT) Training Course

+ Recent Advances in Radar Polarimetry and Polarimetric

SAR Interferometry W.M. Boerner - 31 pages

+ Basic Concepts in Radar Polarimetry

W.M. Boerner - 100 pages

* Advanced Concepts

E. Pottier, J.S. Lee, L. Ferro-Famil - 65 pages

+ POL-InSAR Training Course

S.R. Cloude - 44 pages

+ PCT Training Course
S.R. Cloude - 55 pages
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Display Tools

About PolSARpro

Tutorial on Help

POLSAR and Files
POLInSAR

PolSARproSIM

-Small Veg

Main Functionalities

- Save Windows Bitmap output files in different
graphic formats like GIF, JPG, PS and TIFF.

- Image Display Size setting

- In/Out Zoom function

+ Zoom Lens Window

+ Overview Window

* Image Flip Up-Down - Flip Left-Right
* Image 90° Left / Right rotation

* Image Transpose

+ Color Dropper

+ Color Palette edition

+ ColorMap modification

Environmental Remote Sensing

2016-JAN-04
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PolSARpro VIEWER (PV3.0)

ColorMap
Image Display modification
size setting

Overview Window

Google Earth

Viewer Display Tools

About PolSARpro

Tutorial on Help
LSAR and Files

PolSARproSIM
*Ground
*Small Veg
*Forest

Pusa
[Fem werimpmn e
Lo PofiaRian w4 2 Eonussian
[Eiee atrcimatipen PP
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PolSARpro v4.2 SOFTWARE

GEARTH POLY File KML File

SAR Image track PolSARpro Output
visualization Image visualization

=Google |

Environmental Remote Sensing 15
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PolSARpro v4.2 SOFTWARE
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PolSARproSIM
*Ground
-Small Veg
Forest

PtSsfipio vt 2-Fun Tises

PolSARpro - SIM
PolSARpro v3.31 SOFTWARE H

+ PolSARproSim is a rapid, coherent, fully “

¥ PulSARpra Simwalator (<) D

polarimetric SAR simulation of forest for

Mark Williams
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Environmental Remote Sensing
PolSARpro Tutorial
Christian Koyama

Environmental Remote Sensing

demonstrating POLinSAR techniques withi
PolSARpro Software v3.31.

* PolSARproSim generates simulated
interferometric SAR images of artificial forest
scenes that may be analysed as real SAR imagery.

+ SAR properties and imaging geometry are
obtained from the user who specifies centre
frequency, azimuth and slant range resolutions,
along with platform altitude, incidence angle and
horizontal and vertical interferometric baselines.

* 6round surface generation is controlled by
pecifying the surface properties slo

250
i
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PolSARpro - SIM

The SAR image is evaluated as a coherent sum of
scattering events from small elements of the scene

Direct-Ground, Direct-Volume
and Ground-Volume
contributions are included,
with both trees and short
vegetation comprising Volume
terms.

ueBEsITE

F forest_image.bmp

View from Radar

Environmental Remote Sensing

2016-JAN-04
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PolSARpro - SIM
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S.R.T.M - ASTER

- Download a Geo TIFF File

* Extract DEM corresponding to the SAR image
* Display the DEM (Google Overlay)

MAP READY

GIS SOFTWARES

Environmental Remote Sensing 19
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PolSARpro SOFTWARE

PolSAR Sensors
Data Import

)
TOHOKU 3 ™43

T e

+ POLSARPRO v. 4.0

T Poi

)b}-._i"
NASDA

a

PolSARpro v5.0 Software offers the possibility to handle and
convert polarimetric data from a range of well established
polarimetric airborne platforms.

TOHOKU 3™

Christian

Environmental Remote Sensing

2016-JAN-04
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PolSARpro v4.2 SOFTWARE
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PolSARpro v4.2 SOFTWARE
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# POLSARPRO v. 4.0

PolSARpro v4.2 Software offers the possibility to handle and
convert polarimetric data from a range of well established
polarimetric spaceborne platforms.

Remote Sensing
rial
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PolSARpro v4.2 SOFTWARE
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TerraSAR - X

SSC: Single Look Slant Range Complex
EEC: Enhanced Ellipsoid Corrected
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MGD: Multi-Look Ground Range
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PolSARpro v4.2 SOFTWARE

Single Data Set Package - PolSAR

Note: This is the most commonly used
import routine.

TOHOKU %

PolSARpro Full Software
- Single Data Set
- Multi Data Sets

d Educational Tool ¥4.0 - Menu

s Display  Calibration

e WL Y

Spaceborne Sensors: Airborne Sensors:

ALOS, ENVISAT AIRSAR, Convair, EMISAR
RADARSAT2, TerraSar, SIR-C ESAR, PISAR, RAMSES

PolSARpro - Single Data Set package

Environmental Remote Sensing
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PolSARpro v4.2 SOFTWARE
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!
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PolSARpro v4.2 SOFTWARE

Questions?

Ok, let's start!

ironmental Remote Sensing
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Data Analysis — Statistics
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Data Analysis — Histogram Based Statistics

' Dara Processing: Histogram Based SEatistics
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Polarimetric Decomposition

 Data Processing: Ipha Decomposition Parameters.
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Polarimetric Segmentation

 Data Processing: pha Classification
YT

Ingut Diiecion:

|C70 alabinector, MepReadw' T2

Dt Dirsetary
7 sl aDieciog MepReerly el EI
Int Faw Endfow 159 Inttd | Endlal  [932

I dnisotopy Ertiopy  Alpha
T Ha+[-HIA  H[T-A  [-H[[1-4)

I~ Aha [Hue| 4 Ertiopy [Sat] £ Lambas [Light]

—H 74 Plpha
W Enirepy # pha Panes [BMP] + Cazsfier [Bin « BUP]
I Enirepy # Arizolrepy Planzs [BMP) + Classiicr [Bn + BMP)
I Aha £ Bnisctiopy Planes (BMP) = Classifie: (Bin + BHP]

CalorMap 9 [T/ Docurents ana Settirgz/Eniz POTTIER /Appicaion Data/Pols AR 4 (| Edil

TuzrTuelH 4 Alha # Lembda | Clazsific alion
I Enircny # Alpha / Larbda Planes (BMP) - Classilis ifin - BMP]

Coioriian 27[C/Docurent: and Setirgz/En: PUT TIER Mppicaien Data/Pols #Rmo_1 (| Edi

window SEe |1 Salectal Rissst
e El

g-esa

{-esa

» ADVANCED COURSE ON RAL'_JAR POLARIMETRY 17-21 January 2011 | ESA-ESRIN | Frascati [Rome), Italy

Environmental Remote Sensing

2016-JAN-04

32



PolSARpro Tutorial

Polarimetric Segmentation &\\#

£ Data Processing: Ipha Classification
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Polarimetric Segmentation

# Data Processing: Wishart Alpha Classification
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Polarimetric Segmentation

» ADVANCED COURSE ON RADAR POLARIMETRY 17-21 January 2011 | ESA-ESRIN [ Frascati [Rome), Italy
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Processing: wishart supervised classification
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{ Data Processing: Parameters
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RVOG PolSAR Inversion

 Data Processing: Parameters
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Polarized Point Scatterers Detection

7 Data Processing: Parameters
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Support Vector Machine Classification

ata Processing: SYM supervised Classification Add or iemave pnlams(llc indcator [)o corpies file!]
o |[Arhatin

Ipul Dirsciany aphabin
aphal b arizoiiops. bn
alaDirectory_MacResdy/13 aiphazbin
- aphaibin

reren) sl bin 24112 o bin
PP—— = caminaion Tn 1 bin | 112 realbn
combination_1mHA bin T13_maghbh
e T = e 1 | - | ceniinalion_H1ma bin T3 eal bin

s i L = combinaiion_HA, bin T22Ein
| SW¥M 5L PE] D CLASSIFIER m.op,. bin m,magbn

Step 1. Training Area | Classificaiion settings | Step 2. SUM settings:

Irput Pelorrmels Indeators;  Sempling oatien Ouipik SYM parametess

L I¥ Trainng s=mping | 500 ™ Class Frobshiily I Be
I~ Mean Hppeeplans Distzncs
€ Oker Seler « WP
I~ It mpzriant urbalznced baiing peinl D e ul

# 5VM RBF Kernel Parameters Dpimisation {Cras:

o+ FBF [~ RECOMMANDED © Poyramial ™ Lineal
oz 100 G ="/sigma [0 2443 Oetmisation parsmeters Degiee
Saiup and

e s Ore bext eougle (C.5)
I ==
(1] Run REF Keimel Paramelers Otii nnl e
[2] Evit e Save £V Peraveters

-J-ABVANEED COURSE ON RMiAR POLARIMETRY 17-21 January 2011 | ESA-ESRIN | Frascati (Rome), Italy

CCHFLSI N KATRE

Foss represert he e defired clusiers
ol represent the semwenced chaters

[ rumicer loeated at a postion L repiesents
the: amourt of peels in percert bebogig o
th e dofine 03 | that waio zecignad to
clusler ) duing he supervised classlcaion

ean accuracy-= 94. 56%
» ADVANCED COURSE ON RADAR POLARIMETRY 17-21 January 2011 | ESA-ESRIN | Frascati (Rome), Italy
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Support Vector Machine Classification

Wishart SVM RBF SVM RBF
T3 (T3 & 17 Pol. Indicators
Ry ! .

o
)

Create BMP File
Create RGE File
Create H5L File
Create KML File

Create Gray &
Colar BMP File
= BMPYiewer

Exit |

=0
Ol 2| = 3] £] X8 o] an

Display Interface offers the possibility
to create and export images in an 8-
bit or 24-bit dynamic range (Windows
Bitmap and TIFF formats) for inclusion
in reports, or import to GIS software
for comparison with other data.

e o] %
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Create 8-24 bits BMP / TIFF File

FECEEET
BB S = |

|-l clor,_MepReads/T 2sar_db bin
— Dup BWP
|C- D alabiecion_HapReady T3

Int Flaw 1 EndRov 1544 Ink Cot 1 EndCal

- 2
v [
3 7 Compkn & Foal © Inlege ‘

Crecte BUP Fie Shaw
- . » k. (ol - ‘
[E— Voduuz T0logMod] 200gMec) Phase Hesl Imeg
ColoMapJET————— —LooMap GRAY— - CalerMapHsy
Limats HSL Fils ’7 ’7

[sh B _an B
C EE A O -

TEE m T - © -

Crecke KML File P —— - .

Ciecte Gray
Dok BN Fli paCca
|C:/Dozoments and Getiingsdpotberbopdcalion Data/PaSeRiare_4.20/Canka/ CalotaplET 2ol EI
G EWPYiseor

Inkisl Mumbor of Cels 932
ﬂ Eait — Minimien # M akimun ¥
I furemete Min [ 150000000 Ma EACEE T
m(I
I EnharcedLociast  MREC [ 7aw88  MaEC [ 1oz
Outpt Fomet
Gl BMP 1 24bila EMP  24bks TIFF

—OuptEWP
[l ot e ey T30 el hire

Fun = |

|- AR vd.2- R

F Vnden Eirrm
=

Create 8-24 bits BMP / TIFF File

FECEEET

Irgut Dincelon:
|E:Daiabiestor,_ MapReady/T2

DUt

|C D alabiecion_HapReady T3
Irit Row 1 End Row 1544 Ink ol 1 Erd Cal

‘ 5 ‘ % Pouli Composiion  |5171,5271 |51245211 11522
" Singhain Compaaifie: 1517 1512652112 1522

Crects BMP Fie £ Combine Blus Fls Green Fie Red File
Creats AGH Fie

BLUJE Inpui D ata File
Limats HSL Fils

[isties2z

Dt —GAEEN Inpul Dala Fi

Croats Gray | BEE]
Colot BWF Fle e
—RED Inpul D313

ol B AT 511-522]
)| Eat Color Cehel Conlrast E hsnceient ——————

 Independart . Commoe

Outout HGE Fle
[C:D aiabinectery_MzpReady/T 2R auifiG 8. omp

=

|- AR vd.2- R
Ccen W Erevarmoers
R
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Create 8-24 bits BMP / TIFF File

Creata BMF Fie
Craata RGE Fis
Lraatz HSL Fie
Crecke KML File

Cioeto Gray®

Dol BAF Fli
G OMPYioee
)| Eat

Ol 2| = 3] £] X8 o] an

G o]

|E:Daiabiestor,_ MapReady/T2

DUt

|C D alabiecion_HapReady T3

Irit Row 1 End Row 1544 Ink ol 1 Erd Cal EE

£ Polai Deconpesiion - Hue (&lph=) / Sat [1 - Ertiopy) / Lig (Spari]

 Polai Diecempesion: Hus (Alphs] / Sat 1 - Enerepy) / Lit [Anisstiops|

" Lamiine: Hus File £ 53t Fila / Light Fil

 HUE Inpul D ala Fik:
[=loha
—SAT Input Dsta Fil

[erwors
LIGHT lrput Data Fil

e

Color Chennel Conirast E nhencenen!

& Independant & Common
—DuprHsL
[0 alieclor,_MepFieasdy. T3 oler1H Y bp

fun o

oA .2 Aury
[Ocen Warder Erevarmnert
R

Creata BMF Fie
Craata RGE Fis
Lraatz HSL Fie
Crecke KML File

Cioeto Gray®

Dol BAF Fli
G OMPYioee
)| Eat

Create BMP to KML File

Ol 2| = 3] £] X8 o] an

G o]

|CDaiaDiector, Mepieads T 2enkonsbn
—OptEHP
[ alaie clor_HepReeds/ T3

IntRow [0 EndRow  [1501 Inta i EndCal

DataFomat
" Complex 1 Floal £ Inleger

—si
© Meoduuz O iClogMed)  © 200gMed)  © Phas  Razl © imag ‘

— Color Waps

FReduclion Factor | 2 A4
e o 1=k

—Minim.en # Wawimum

17 pulorebe Win Mer [ B

wM»I
I Enherced Cochast Wb L MaHEL

Dt WL

[Em aiaiecion_MapRieady T Sentop e kil

o] 5] =

oA .2 Aury

R

Fbw_-mwew
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G6OO0GLE EARTH

Echir Edlin Afivgs Ok Aot i=

FECEEET

Irgut Dincelons

|E:Daiabiestor, MapReady T2

—OuptD
|- alaliccior_HepFiesdy/ T3

Ink Flaw 1 End Rz 1544 Ik Cod 1 EndlCal o2

& Peuli Cor il + 44 E
i Camposiion 51145221 51248211 8116221 | gy e [Z | alv]
£ Sincki Composiion Bl 5124521172 1522

b BB o £ Corbine Slus Flo Green Fis Fod Fie Trarscarency | 0 alw]
Creets RGE Fis
Craate HSL Fii

[snsz

Cresks KML File ~GAEEN g Tala i

Cioste Gray ®
15124521
Codon BWF Fle: L

—FED Irput O ata Fil
ke OHE e 57522

DLt KA Fie
[C0alaDnector, MepReady T 30 aulGE kl

Fun =l

BLUE Input O ata File

[ PR 2. ur

Ccen W Erevarmoers
R
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G6OO0GLE EARTH

Echir Edlin Afivgs Ok Aot i=

iy
-

“'&w

PolSARpro Tutorial

Day 1:
* Introduction
* Hands on Experience
— Data Import, Image Extraction
— Matrix Conversion
— Polarimetric Speckle Filtering
Day 2:
* Polarimetric Decomposition Theorems
« Hands on Experience
— Polarimetric Decomposition
— Land Use Classification

Environmental Remote Sensing

g
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2016-JAN-04

45



PolSARpro Tutorial 2016-JAN-04

Polarimetric Decomposition

DECOMPOSITION THEOREMS
[S] [T] [c]

COHERENT

DECOMPOSITION EIGENVECTORS BASED

DECOMPOSITION MODEL BASED

DECOMPOSITION

EIGENVECTORS / EIGENVALUES ANALYSIS
& MODEL BASED DECOMPOSITION

P —
TARGET
DICHOTOMY

J.R. HUYNEN EIGENVECTORS / EIGENVALUES ANALYSIS
(1970) ENTROPY / ANISOTROPY

R.M. BARNES
(1988)
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Rpro Tutorial
ma

Environmental Remote Sensing

THE H/ A/ d POLARIMETRIC

TARGET DECOMPOSITION THEOREM
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ALOS PALSAR Pauli-RGB

Environmental Remote Se P
PoISARpro Tutorial TOHQKU

Christian Koyama R

0° " 0°
isotropy Alpha

Environmental Remo .
PoISARpro Tutorial -96- TOHQKU
et

Christian Koyama
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2008-06-02

Dual-pol Pauli-RGB
G = C11-2xC12r+C22

Dual-pol Alpha/Entropy/Span-HSV
(H =alpha /S = entropy / V = span) T Meters
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H/ A/ a DECOMPOSITION

T

1
TARGET VECTOR l_c=Nf,—§[SXY+SH, Sev =Sy 28]
LOCAL ESTIMATE OF (1] Iy wort ol S (7,]
THE COHERENCY MATRIX \ ?‘Né—' ki = WZI :
EIGENVECTORS / EIGENVALUES ANALYSIS
A, 0 0 N
() =[U,=]U.] =|u: w: wsl|O0 4, 0 ||us u: u.
0 0 J,
ORTHOGONAL  REAL EIGENVALUES
EIGENVECTORS A >A2>A3

H/ A/ a DECOMPOSITION

=T

A, 0 0
()= 0 =y w2 w0 22 0 ||m oy my
0 0 i,

ORTHOGONAL REAL EIGENVALUES
EIGENVECTORS A1> A2 > A3

\

PARAMETERISATION OF THE SU(3) UNITARY MATRIX

cos(ay) cos(a,) cos(ay)
[U;]= sr'n(cxl)(:t;vs(ﬂ])e;'jé;1T sin(a 5 )cos( B )eﬁs} sin( a3 Jeos( 3, )e“’aﬂ’
sin( & )sin ( 3, )ej“ sin(a,) sin (3, )e”z sin( a; )sin{ B, )ejy-g
\ / \ / \ /
N \4 V
TARGET 1 TARGET 2 TARGET 3

TOHOKU §
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H/A/a DECOMPOSITION

PROBABILITIES

Pi: E] !
2 Ak
k=1

AVERAGED PARAMETERS

:PIaI +P2a2 +P3a3 E:PIﬁI +P2)62 +P3ﬁ3
=Py + Py +P3r 3

!

UNITARY TARGET VECTOR (Up) OF THE
MEAN DOMINANT MECHANISM

a
y S=Pi5,+Py5,+ P8,

Hy =|cos(e) sin(g)cm(ﬁ)e""é sin(g)sin(g) Pl !

Ed
TOHOKU {274

H/ A/ a DECOMPOSITION

MEAN SCATTERING MECHANISM

UNITARY VECTOR U, TARGET MAGNITUDE
3
2
cos(e) A=PA,+P,A,+PA ‘*Zf g
i = + + ==
"y = Sin(g)c()s(é)ejé A=Ay A2 T L343 i,?,
sin(a) sin(g)ejl =

TARGET VECTOR K,

cos(a)
ko= sr'n(g)cos(ﬁ)e’é

sin(a) sin(g) ejl

TOHOKU
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H/A/a DECOMPOSITION

2A0 Bo+ B A cos(a) VA sin(a)cos(B

Environmental Remote Sensing 52
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H/ A/ a DECOMPOSITION

ROLL INVARIANCE
PROPERTY
T

SAME PHYSICAL PHENOMENOUS WHATEVER
THE ANTENNA ORIENTATION ANGLE
AROUND THE RADAR LINE OF SIGHT

H/ A/ a DECOMPOSITION

ROLL INVARIANCE PROPERTY
T(3) ORIENTED (8) COHERENCY MATRIX  SU(3) UNITARY ROTATION MATRIX(6)

1 0 0

([T(e)]):[UR(9)]([T])[UR(9)F [Up(0)]=|0 cos20 sin20
0 —sin26 cos260

\ 4

EIGENVECTORS / EIGENVALUES ANALYSIS

(@) =[v, ][z (o)

}

EIGENVALUES A; A, As: ROLL INVARIANT
PROBABILITIES P, P, P;: ROLL INVARIANT

TOHOKU §
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H/ A/ a DECOMPOSITION
EIGENVECTORS UNITARY MATRIX

(v, (0)]=[t,(9)][v,]

}

PARAMETERIZATION OF THE UNITARY MATRIX
cos(c ;) cos(c ) cosf(c 3)
T @ e@  o@
[I.-_g] = sm( cos( 8y )e’" 1 sin )cos(ﬁ’z)e 2 sm( cos( B} )e’ "3
sin( sin ( B4 )ej‘ylf sin( sin ( f' )ejy'z sin @ sin( % )e”:"

o :Plal +P2a2 +P3a3 : ROLL INVARIANT

PHYSICAL INTERPRETATION

,.ﬂ,,.»s;
o i %,
TOHOKU £% "%

ANISOTROPIC PARTICLES CLOUD

. a 0 S,, “0
[§]= 0 sl = [T]=\u v 0
0o o0 0
; 2¢
([r (9)]>s =50 v OREERTATION ANGLES
0 0 v WITH : ) 1
N Pe)=52
&
/11—6‘ — PI_(5+V) a1:0

—
~
w
—
I
S D
D N

(,.ﬂ,’.»s;
TOHOKU 5 44
OHOKU &% 4
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H/ A/ a DECOMPOSITION

ALPHA PHYSICAL INTERPRETATION

SINGLE BOUNCE DOUBLE BOUNCE VOLUME

SCATTERING SCATTERING SCATTERING
(ROUGH SURFACE)

,.ﬂ,,.»s;
o i %,
TOHOKU £% "%

H/ A/ a DECOMPOSITION

EIGENVALUES A; A, Ay ROLL INVARIANT
PROBABILITIES P, P, Py: ROLL INVARIANT

}

ENTROPY

(DEGREE OF RANDOMNESS
STATISTICAL DISORDER)

3
H==3 P, log,(F;)

V' 4 - N

PURE TARGET DISTRIBUTED TARGET
A=SPAN A=0 A=0 A= A,= A=SPAN/3
H=0 H=1

,.ﬂ,,.»s;
o i %,
TOHOKU £% "%

S
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H/ A/ a DECOMPOSITION

2A0 Bo+B Bo-B
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H/A/a DECOMPOSITION
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SEGMENTATION OF THE H /d SPACE
4 go | I I I
O SN A SN
MULTIPLE Y EOE— bogeaps: ool vl
SCATTERING S 5 1 . ‘* BR?_II_‘IRCLI'-IC_/I_ CRowN
3 &0 DIHED[I‘;AI. SCATTERER FORES;TRY DBLE BQITUNCE
VOLUME R —— — 3| cLoup o AnIsoTROPIC
SCATTERING N s ‘ ATION NEEDLES
< Yo I . T
30 7 NO FEASIBLE
SURFACE BRI:\GG SURFACI:{ REGION
SCATTERING | 2 i i
i URFACE ROUGHNESS
| [PROPAGATION EFFECTS ~ [ =~
t 0 0.2 0.4 06 08 1
Entropy (H) ,
» N d N N ’:\'\I‘I
LOW ! MEDIUM | HIGH
ENTROPY ' ENTROPY 'ENTROPY
[penmnaﬂxon OF 1st onosn] [DEGREE OF ARBITRARINEss]
SCATTERING THEORIES DUE (SCATTERING PROCESSES
TO 2nd ORDER EVENTS RANDOM NOTSE)

A O
TOHOKU {3 ™

PolISAR DATA
DISTRIBUTION
IN THE
H/a PLANE

— n
ol 10
~ 2
o
<
& 1
<<
0
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90, 10
2
MULTIPLE 18
SCATTERING S 16
~ 14
VOLUME o 1.2
SCATTERING S & 1
30| G Lol |- 08
SURFACE 06
SCATTERING § 0.4
= }
o ; : : 0.2
0 02 04 06 08 0
Entropy (H)
. A4 ~ 4 "v’
LOW H MEDIUM H HIGH H
ja

c2

C3
|
c5
cé

c7
c8

Alpha (a)

H/ A/ a DECOMPOSITION

H - a classification

Environmental Remote Sensing
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H/A/a DECOMPOSITION

H - a classification

TOHOKU

H/ A/ a DECOMPOSITION

DIFFICULT MECHANISM DISCRIMINATION WHEN: H> 0.7

}

ANISOTROPY
(EIGENVALUES SPECTRUM)

=  COMPLEMENTARY TO ENTROPY
= DISCRIMINATION WHEN H> 0.7
==p- ROLL INVARIANT

Environmental Remote Sensing

2016-JAN-04

60



PolSARpro Tutorial

H/ A/ a DECOMPOSITION

Environmental Remote Sensing
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H/A/a DECOMPOSITION

o
e o

i

0 05 1.0

Environmental Remote Sensing 62



PolSARpro Tutorial

POLSAR DATA DISTRIBUTION IN THE H/ A/ a SPACE

Alpha (a)

Environmental Remote Sensing
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(1-H)(1-A)

1 MECHANISM

A(1-H)

2 MECHANISMS

H(1-A)

3 MECHANISMS

HA

2 MECHANISMS

(1-H)(1-A)

1 MECHANISM

A(1-H)

2 MECHANISMS

Environmental Remote Sensing

3 MECHANISMS

HA

2 MECHANISMS
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H/ A/ a DECOMPOSITION

SCATTERED POWER
P =P*1I-H)(1-A) + P*HA + P*(I-H)A + P.*H(1-A)

} } } }

ONE TWO TWO / THREE THREE
MECANISM  MECANISMS MECANISMS MECANISMS

,.ﬂ,,.»s;
. Y A
TOHOKU £% "%

. B

Environmental Remote Sensing

H=-

LN

ENTROPY d PARAMETER ANISOTROPY
3
ZP,.logj(P:.) a=ra,+Pa,+Pa, Azﬂz Ay
A+ 4,

[ 3 ROLL INVARIANT PARAMETERS |

<« mmp- PHYSICAL SCATTERING MECHANISM
HA
I=| H(1-4)
(lfH)A » TYPE OF SCATTERING PROCESS
(1-H)1-4)

[ SEGMENTATION / CLASSIFICATION ]

7O
TOHOKU {3 ™ g

ik,
i
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Questions?

Ok, let's start!

ToHoku &
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