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CONTEXT

POLInSAR

Workshop on Applications of SAR Polarimetry and Polarimetric Interferometry

[ESA-ESRIN "Frascati, Italy |
| 14-16 January 2003 |
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The initiative development of PolSARpro Software is a direct
result of recommendations made during the POLINSAR 2003
Workshop held at ESA-ESRIN in January 2003.
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CONTEXT

The PolSARpro Software is developed under contract to ESA

Development of a Polarimetric SAR Image Analysis Tool

ESA — ESRIN Contract n®° 17863 /03 /1 — LG (2003-2005)

Continued Development of the PolSARpro Toolbox
ESA — ESRIN SOW TPME-DTEX-EOPS-SW-06-0001 (2006-2008)

POLSARPRO v2 D
POLARIMETRIC SAR
DATA PROCESSOR
Eric POTTl ER

Software TooI PoISARpro v3.0
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PolSARpro v3.0 SOFTWARE

Tool specifically designed to handle :
Polarimetric data
and
Polarimetric Interferometric data.

it

POLSARPRO.is a foolbox for the sdentific exploilation of polarimetric
SAR data and o medium for high-level education in radar polarimeiry
and polarimefric inferferometry

T
3

AL0S' & RADARSAT 2 compatibily
& POLinSAR tutorial
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POISARpPro v3.0 SOFTWARE
Educational Software offering a tool for

self-education
IN the field of POLSAR and POL-INSAR

data processing and analysis.

Educational
3 o

o " 3 v it e
POLSARPRO.is a foolbox for the sdentific exploilation of polarimetric

SAR data and o medium for high-level education in radar polarimeiry
and polarimefric inferferometry

AL0S' & RADARSAT 2 compatibily
& POLinSAR tutorial
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PolSARpro v3.0 SOFTWARE
Developed to be accessible to :
a wide range of users

from novices to experts
INn the field of POLSAR and POL-INSAR.

POLSARPRO.is a foolbox for the sdentific exploilation of polarimetric

SAR data and o medium for high-level education in radar polarimeiry
and polarimefric inferferometry

AL0S' & RADARSAT 2 compatibily
& POLinSAR tutorial
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USER INTERFACE

PolSARpro v3.0 Software iIs conceived as a
flexible environment, with a friendly and
iIntuitive Graphical User Interface (GUI)

The graphical user interface (GUI) is written in Tcl-Tk

- 263369 lines managing 154 widget windows

- 681 C routines (279839 lines) performing well-
established algorithms in the field of POLSAR and
POL-INSAR.
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MODULAR STRUCTURE

Each element of the Software (a function)
can be extracted and incorporated
iIndividually Into users’ own processing

software.

e g 3
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POLSARPRO s a foolbiox for the scientific exploitation of polarimetric
SAR data ond a medium for high-leve! education in radar polarimetry
ond polarimetric inferferometry

“mew
ALOS & RADARSAT 2 compatibility
& POLInSAR tutorial
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MODULAR STRUCTURE

Users can easily add their own functions and
components, as PolSARpro v3.0 Software iIs
conceived as a flexible and open software
environment.

POLSARPRO s a foolbiox for the scientific exploitation of polarimetric
SAR data ond a medium for high-leve! education in radar polarimetry
ond polarimetric inferferometry

“mew
ALOS & RADARSAT 2 compatibility
& POLInSAR tutorial
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OPEN SOURCE DEVELOPMENT

PolSARpro v3.0 Software is made available

following the:
(OSSD)

approach, and follows the:
— June 1991.

PolSARpro v3.0 Software runs today on:

Windows 98+, Windows 2000, Windows NT 4.0,
Windows XP, Linux 1386 and Unix SOLARIS

( Macintosh OS in progress).

e
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OPEN SOURCE DEVELOPMENT

The Tool is free download on the Internet
from the ESA Web Portal (Earthnet) at

http://earth.esa.int/polsarpro

L€ v [ titn)fearth.esa, ntfpotarpeo)

« Earthmel

& eehain@era i WErsion 3.0 (January 2007)
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Simulated Dats Scurcas f soentific applications tha tve boolbox of
tions offers users tha capability to implamant the
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PolSARpro v3.0 Eric POTTIER

Software Tool :
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PolSARpro Full Software Tutorial on
_ Single Data Set POLSAR and Help
— Multi Data Sets POLiINSAR Files Viewer

f Polarimetric SAR Data Pi ocessing and Educational Tool m_ﬁ i

Pal5AR pra

Airbome

Version for the EO Scientific Investigator
Spaceborne Sensors: ALOS, ENVISAT, RADARSAT2, TerraSar, SIR-C
Airborne Sensors: AIRSAR, Convair, EMISAR, ESAR, PISAR, RAMSES
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PolSARpro Full Software  Tutorial on
_ Single Data Set POLSAR and Help _
_ Multi Data Sets POLINSAR Files Viewer Display

l

f Polarimetric SAR Data Piocessing and Educational Tool vsﬁﬂ 1

Version for the EO Scientific Investigator
Spaceborne Sensors: ALOS, ENVISAT, RADARSAT2, TerraSar, SIR-C
Airborne Sensors: AIRSAR, Convair, EMISAR, ESAR, PISAR, RAMSES
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Provide a grounding in SAR Polarimetry (POLSAR) and SAR
Polarimetric Interferometry (POL-INSAR)

8 adobe Acrobat Standard - [1_What_Is_Polarization.pdf]

Affichage  Document  Commentaires  Qutils

Options avancées Fenétre

-&-@ pg ‘: ] réation dun fichier POF + 52« o - (- # -
@ - e[ - ® [0

What is Polarization?

1. WHAT IS POLARIZATION?

1.1 Propagation of a monochromatic plane electromagnetic
wave

I Pagas\|§ Signatures W Signets

144 Equation of propagation

The time-zpace behavier of slectromagznstic waves is mled by the Maxwsll equations set
defined as
2007 1)

ar 0

VAHFN=T,F0+

SWhatis polarization ?
: Single ws multi polarization SAR data
: Speckle filetring

! ¥ B0 = 0.0) V-B(r.n=0
2

3

4: Polarimetric decompositions

5

6

D7 1), Bi

nduction respectively.

where E(7 the wave electric field, magnetic field, electric

induction and magn

f(:r ) +J (F.1)is composed of two terms. The first one,

The total cxavent density, J, (]

comresponds  to @ sowrce term, whereas the conduction current density,

: Polarimetric SAR data classification
:EMWISAT - ASAR dual polarization case

#), depends on the conduetivity of the propagation medium, ¢, The sealar

) represents the volume density of free charges

Part 0 : Introduction

The different fields and induction are related by the following relations

+Br.n BEN=ulHFEOD+MFE.D) @

Part I : Radar Polarimetry

(#,f)are called polarization and maguetization, while & md

Tukotial 1 : Pol-InSAR Training Course

2 1 Single ws multi polarization inkerferometry:

4 stand for the medium per r and pesmeab

Part II : Polarimetric SAR, Interferometry #

Slides

In the following, we shall consider the 1:|wp:4=1'i\'.vw of an elsctromagnetic wave in a linear
ree of saturation and hystsvesis), fiee of sowces. These hypothesiz imposes that
(7.1)=0 and J (¥ 0)=0

Part III : Surface Parameter Retriewval

Leckures Motes

The equation of found by imserting (1) and (3} into

(7, 10) =V (

Part I% : Glossary

PalSARpra Simulator

11 : Description of natural surfaces 1) and is formulated as
12 : Fough surface scattering models
13 : Single ws multi polarization descriptors

14 : Estimation of surface characteristics

Part % : References

I.rgu 1)

AE(r.1) - us=
: £ St

Part VT : Do Ik Yourself

Commentaires \l\ Pigces jointes
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Offer a self-education as a low-level teaching aid illustrated
with applications examples (Do It Yourself) showing the full

range of functions that the Software proposes

EEIChIeF Edition  Affichage Document Commentaires Outils  Options avancées Fenétre 7
T @ (52 - @ P [T création dun fickier FOF ~ | - f -

{ Polarimetric SAR Data P i - _||:| b
. RIGLT G a Processing and Educational Tool ¥3.0 - Menu ‘J " I} Sélectionner ﬁg: "":\v | ?_ | = W' ) 2. sl ]

Do It Yourself 7

POLInSAR Training Course

1 Objectives
To provide a self taught introduction to POLinSAR coherence processing techniques to
enable wsers to learn the basic principles of this topic.

I Pages\|§ Signatures \( Signets

To achieve this, 1t 15 proposed to employ a test POL:inSAR data set with ‘perfect’ zround truth.
This test set is the ‘hedge’ simulation output fom the PolSARpro — Simulator (see figure 271,
provided by Dr. Mark Williams @, and already widely used as a test scene in POL:inSAR
training.

=l0lxd

A Progressive Approach alwls]
. el ] |

Part 0 : Introduction i Fareword I Paomanein) [T HobmaBukein) [T

: Getting Started with PolSARpro e e

Part I : Radar Polarimetry , f I .
: Representation of Polarimetric Infarmation St [ 5 il =

Tutotial

; Part II : Polarimetric SR Interferametry * + Speckle Filtering Seund sty
Slides : Polarimetric Decompositions Suizn et | ezl Aougrei=0) | 0 ale

P GontoeueCir (Dim=0 . Wwieeb) [ alv]
Part III : Surface Parameter Retriewval : Polarimetric Segrentation P o
1 ENVISAT - ASAR dual polarization case o
Tiee Speties Hedge |0) Finel 2,11 Desituous 1] [T s~
Tearegrini [ TRT ot Sty el [T
Fawt Slendiwubardeea [ Ha) [ Do

Fasders Nurber Garaaket I Sava Cerfig
ks [ 13

Leckures Motes

PalSARpra Simulator Part IV} Glossary

Part % : References

Part VT : Do Ik Yourself

= @ e

Figure 1: PelSARpro Simulator

| Commentaires \l\ Figces jointes
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Series of Tutorial Slide Shows i1s mave available to support
taught courses for use as part of a self teaching programme.

' Polarimetric SAR Data Processing and Fducational Tool ¥3.0 - Me

Adobe Acrobat Standard - [030_wave_polarimetry.pd
% Bichier Edition  Affichage Document  Commentaires Outils  Options avancées Fenftre 2
y e 7] 5 B . L )
2 Py Al = = @ - @ l}_’ ™| Création dun fichisr PDF + A: A i
T 2 . == o 3
¢ '_’J ID‘ Selectionner [geyi (= 3L - | I & ’W - & - |2 e

POLARISATION ELLIPSE O

=B

Introduction

Polarimettic Sensors

Wawve Folarimetry

Scattering Polarimetny

Tutarial Folarimetric Remaote Sensing

Slides Speckle Filtering

THE REAL ELECTRIC FIELD VECTOR MOVES IN TIME ALONG AN ELLIPSE

Lectures Naokes Polarimetric Decomposition Theorems *

2 E E a E \3 2
[ N } D Mk k' (‘0.5'((5)+ . ‘ = sin” (5)
e’)_\-EQ_r \Eﬁ_r;’

With: 6 =0, =0,

PolSARpro Simulator FolSAR Segmentation

I Commentaires \l.\ Piécesjoiﬁ Pages\ii Signatures \{ Signets

PollnSAR Segmentation

MNaon Stationary Scattering Analysis lEwn vk £

£ Fgrrier- L Ferro-Fand 4RS00

Conclusion o I4d 4 6 sur 82 S| +] L1 L

=} t e = == — == k_—_—“i‘%-&___i:% _ N
— e el — = . pE—— e —— ——
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Series of

 Polarimetric SAR Data Processing and Educational Tool ¥3.0 - Menu

providing introduction to the basic
theory, scattering concepts, advanced concepts and
applications in SAR Polarimetry

SRS

Tukorial ¥

Slides r

Lectures Mokes

PaolSARpro Simulator

Recent Advances

Fundamental Concepts

Advanced Concepts

Pal-In3AR. Training Course

W.M. Boerner — 100 pages
* Advanced Concepts

* Recent Advances in Radar Polarimetry and Polarimetric
SAR interferometry W.M. Boerner — 31 pages
» Basic Concepts in Radar Polarimetry

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

| 04/09/07 Lecture D2L5 part 2

Software Tool

&8 Adobe Acrobat Standard - [Recent_Advances.pdf]

% Fichier Edition  Affichage Document Commentaires Qutils  Options avancées Fenstre 7

~lojx|
NEREY]

‘& w|s T

Creaﬂun d'un fichier PDOF = - J' el

0\ _,’T: © 7=

=

| Pages\|§ Calgues \I Signatures \I Signets

| Commentaires \l\ Pigces jointes
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1 Synopsis

72
8  Optimal Utilization and Protection of the Electromagnetic Spectrum in Remote Sensin;

POLSARPRO V3.0 — LECTURE NOTES :
RECENT ADVANCES IN RADAR POLARIMETRY
AND POLARIMETRIC SAR INTERFEROMETRY

Wolfgang-Martin BOERNER
UIC-ECE Communications, Sensing & Navigation Laboratory

900 W. Taylor St SEL (507) W-4210, M/C 154, CHICAGO IL/USA-60607-7018
Email: boemeriaece wic edu

Abstact

Introduction with Historical Background
31  Ongms of Polarimetric \hmx Formmlations

32 K.enmush 's Optimal Polar n States 3
33 Polarimetric Contrast Opw 4
34 Matrx Decompositions 4
35  Supervised and Unsupervised SAR Feature Sorting 5
36  Scattering Mamrix Format and Speckle plus Noise Beduction 3
4  EWB-Hyper- “}e tral (Spectrometric) Optical Imagng b1

3 HF - EHF Radar and SAR. Polarmetry and Interferc r_\metr e ——

5 1 Classical Amplitude-Only Radar & SAR, and “Scalar” IN-SAR. L‘uﬂ ging ...
52 Polarimetric Doppler Radar Metearology

53 SAR Polaimetry versus SAR Interferometry 8
6 Polarimetric \JAlnple Baseline SAR Operatiens 8
6.1 Po arimetric SAR Interferometry 8
6.2 tric SAR Tomography 9

6.3 F ctension to Polarimetric SAR Holography.
64 Design of Mission-Onented Mulfi- Sensor I:m‘-'nn Platforms

7 Polarmetric nplementation Scenario for Mult-static Space IN-SAR Micro-Satellites. 11

7.1 Multi-stanic Interferometric Considerations
Polanimetnic Consideration

8.1  Need for EWB (Hyper-Band) POL-IN- Q-\.R.l.Ls{m.usf in Envirenmental Monitorin,
82  Joint Radio Frequen v & Optical Repeat-Pass SAR O}ermo
3 Al la (mon of diltmnnl Sﬂ_R Imagng Fre equenc Bm'{

References
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Series of concatenated sub-sections of the User Manual,
Contalnlng all the individual pages necessary for a speC|f|c

P & ictotee v chak Gtaeedas - [HikAlphaliecomposliiand. €1 =0l

. = xher pdton pifichecs Docmest Corwenbems  Quihs Ogfoes reacins Fapltee T |8 %]
P—

. M = Ee = g -l e M-

e e LT

=|| ET | G e -

PolSARpro +2.0 Presentation

Covirlaace O] miadras - HAphs Decampeditini

Standard Data Format

[ - =
Regarder dans

Main Menu

Spaceborne Sensars
Airborne Sensors

Dizplay & Viewer v3.0

Toolz

Specification Architecture

) X C Routines 4 ] b _s_combinations
Technical Documentation  * Tel-Tk Widgats » - freeman_deco n_ “Zh_slpha_lambda_planes_classifier

N =] [ i
Fickiers de ype [ et Files pd) = Anniler

~The R e =
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PolSARpro v3.0 Software is accompanied by a comprehensive

set of 228 Help Files for each individual function.
8 Aobe Acrobot - [Data_Convert ipp Ipmigail

T Fle Edk Documert Took Yiew Wedow Helb

.
{ =, & e S (FA
Input Directory ERASA® H?&'l ]E Lt
B-Ff-L-BLBBUHE T |25

| C./PolSaR_DatasmSaR/Test_4PG-Data

Output Directary
| /PolSAR_Data/aSAR /T est_AFG Data_MLK =

Init Row 1 End Row 2245 Init Cal 1 End Col 2497

| IMTEMSITY PP TO INTEMSITY PP MULTI LODK,

PultiLook Col 1 MultiLook Fow 1 r
Run @ | Exit

Iia Comvert (Dos, ey too{ Dux, Exy) Mual ook

| Sigrwboes | Commerts | Thurbnalz | Bookmaskes ™,

Individual Help Files are accessible
from within the software by clicking
on the help icon present in the
relevant dialogue box.

:: ‘Manual available in PDF format.
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PolSARpro Full Software  Tutorial on
— Single Data Set POLSAR and Help _ _
— Multi Data Sets POLINSAR Files  Viewer Display

l

i Palarimetric SAR Data Pfocessing and Educational Tool 3.0 - Mien

__- l.—

ALOS, ENVISAT, RADARSATZ2, TerraSar, SIR-C
AMTDOrne Sensors:
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ENVISAT — ASAR

VAR 1o 1l ' the 1 wow s wrphetotoe ol preoes,
SR ity ol g ki T g Lpe! polmcoem i gl
! perdl TR

g
"I
il T
L
At Tl

RADARSAT 2
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Input Dz chioiny

|. HFDATASaSARAFS-Dinla

Citpin Directosy

|. rDATA ASAR L PS-Dinla
AEAR Inpul Dala Foa

ASAR Input Data File
| C/DATALASARSAPS-Data/asar_aps_datani
Output Directony

|c:/DATAIASAR/APSData i ﬂ

Init Row |1 End Row |12056  InitCol |1 End Col  [5150

" Full Resolution

* Sub Sampling

" Multi Look

S, O - —

——
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I ALOS Input Data File

Inpud Direchory

|C-/PLRZ15_RSFOE2_20060519_2/01.1

Dutput Directom

[C/FLRZ1S_RSFO62_2006051¢

SAR Leades File
[C-/PLRZ15_RSP062_20060519_2/L1 1 AED-ALPSRPO1E72750P11_D

Chec: Files ScenelD | ALPSRFOIET7Z7S0 Productin [ P11_L
SAR Trailer Fim
|C:/PLR215_ASPOEZ_20060619_2/L1 1/TAL-ALPSRPIETZ2750F1.1_0
SAR Image Fie:
511 [C./PLR2Z15_RSPOG2_20060519_21.1/MG-HH-ALPSAPINE772750F1,1_D

3'IZI!_ MPLAZE_RSPO6Z_20060619_24.1.1AMG VH-ALPSRPM BT F2750-P1.1_D

+21 [C/PLAZ15_RSFOE2_200E0519_2/1,1 MG HV-ALPSRFOTE772750P1 1_D

s«:'?.l fPLAZ15_RSPO62_20060519_2A1.1AMG AN ALPSRPINBTT2MS0F1.1_D

Fead Heade: I Edit Header | | ™ Extract Uncalivated Flaw Binaw Data

ALOS DiataLevel | 11 [ COMPLEX SAR IMAGE

Iritial Mumber of Rows 1'- B432 Initial Mumber of Cole 1536

Cancel

4/09/07 Lecture D2L5 part 2 Software Tool
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Input Directory

| C:/DEY_PalSaRpro_v3.0/RADARSAT 2/0uad-polarization/Fine

Output Directorny
| C:/DEY_PalSaRpro_v3 0/RADARSAT 2/0uad-polanization/Fine
SAR Product File
| C:/DEV_PolSaRpro_v3.0/RADARSAT 2/0uad-polarization/Fine/product. <ml

Read Header Edit Header | | Polarisation Mode full

Input Data File [s11]

| C:/DEY_PolSaRpro_v3. 0/RADARSAT 2/0uad-polarization/Fineimagerny_HH.kif
Input Data File [512)

| C:/DEY_PalSaRpro_v3.0/RADARSAT 2/0uad-polanzation/Finefimagery_HY tif
Input Data File [g21]

| C:/DEY_PolSaRpro_v3 0/RADARSAT 2/0uad-polanization/Finedmagerny_H.tif
Input D ata File [s22]

| C:/DEY_PalSARpro_v3.0/RADARSAT 2/0uad-polarization/Finedimagery W' tif

g gy gy

[v Convert Input IEEE binary Farmat [LE <-+BE]

Initial Mumber of Rows 2055 Initial Mumber of Caols 1720

Cancel

| 04/09/07 Lecture D2L5 part 2 Software Tool : PolISARpro v3.0 " Eric POTTIER 27
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SIR — C Sensor

f SIRC Input Data File

npuk Directory

[ C/pr1 7310

Dutput Direciony

[Cop7ane

SIAC Processng Fun Humber 1730
Head Header Edit Header |

SIRC Data Fosmat [
SIREC Data Type [ 10 byle singlelook quad pol comples [SLE)
SIFC Polarization Mode |

COMPRESSED SCATTERING MATRIX

Quad Pol

Iritial Mumiar of Ao 11176 nikial Number of Colz 1320

u] 4 Camcel

_ .
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Input Drireschory
[I-/FalSAR_Data/TOPSAR/TS 1525
AIRSAR Frocessor 3

™ 356 [ pricr to 1993 7 50 and more [ zince 1993 ) & TOPSAR

AIRSAR Data Fommat
e

¥ Muki Look Compressed Stokes Format [ MLC |

TOPS&R Input Data File - L-Band Stokes Matms MUC | TSHERE_Ldatgr |
[ iFolSAR_Data/TOPSAR/TS 1526/:1525 | datr
TOPS&R Input Dats File : CBand VW [ TSHHSR cwwiZ)
|I JPolSAR_Data/TOPSAR/TS 1525451525 _c w2
TOPSAR Input Data File : C-Band DEM [ TSRIAR. demi2 |
|I fPolSAaR_Data/TOPSAR/TS 15251520 e dem?
TOPS5&R Input Data File - Corelation Coeff Map [ TS8R congr )
|I /PolSaR_Data/TOPSARSTS15265/t:1520_cocongr

TOPSAR Input Data File © Local Incdence Angle | TSHRENE inoor )

[1-/FolSAR_Data/TOPSAR/TS 152651525 _cmegr

TOP5AR |nput Data File - P-Band Stokes Matny MLC [ TSRIEE_podator )

& & & |& |& &

[1#FolSAR_Data/TOPSAR /TS 1526151525 | datgr

FAead Heads Edit Header |
Irabal Mumiber of Rows ] 4126 Initial Mumber of Colz 237

= | A " B i - n
. Courtesy of PrJ.PRudant (UM.L.V) e

—— e T

B —
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I SARSH0-COMVATR Tnput Data File

npad Directory J_

[C-/PoiSAR_Data/COMVAIR
Dutput Diectony
||' P "--I':_ 28/ CONYAIR

Inpas Data File [ 211 )

|L' JPolSAR_Data/COMVAIR /data_conwar_hh.dat
Fipd Dats File [ i12 ]

[C:/PolSAR_D ata/CONVAIR/ data_cony

Iripesk Daka File [ 221 )

[C/PalSAR_Daa/CONYAIR /data_convai_

npest Data File [ 322 )

|L /PolSAR_Data/CONVAIR/data_convar_vv.dat

Iratial Mumder of Flovs 4 Initial Number al Cole

[~ Coriveat Input IEEE binary Format [LE < BE)

. e E
ER— =
= ==

e e,
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 EMISAR Input Data File

Inprs Direchory

|L /PolSAR_Data/EMISARprogo_|

Dutput Diecton

[C/PaiSAR_D sta/EMISAR feproge_| _:‘Tj

Data Famat
W Scattenng Matri Data [Skart Flangs) [~ Covanance Matnis Diata [Ground Range)

Inpet Diata Fie [511)
|L' {PolSAR_Data/EMISAR fzprogo_LFI0GS_mi 00 _ta_sprogo_|_hiudat
Inpus Data File [£12)

[ C:/PolSAR_D ata/EMISAR zprogo_LAIOES_m1000_ta_spogo_|_hv. dat

Input Diata File [321)

|E JPlSAR_Data/EMISAR fsprogo_ L¥IDES miDO_ta_smogo | viodat
Input Diska Fie [522)
|'~-'|-'Tl':-=‘-H Drata/EMISAR/sproga_LFOGS_m1001_ta_spiogo_|_wv.dat

v v v v

Iratial Numer of Rows i 3072 Iritial Mumber of Col: 1024

™ ConvertInput IEEE bmany Foemat (LE < BE]

e
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# ESAR Input Data File

Inpad Direchory
[C-/PoiSaR_Data/ESAR/OP_AIRFIELD_L

Dutput Digecion

([ /PaisaR_Data/ESAR/DP_AIRFIELD_

Inped Diska File [ £11
|Ef JPalSAR_Data/ESAR/DOP_AIRFIELD L4711 60

—Input Data File [ 212 )

|E /PolSAR_Data/ESAR/OP_AIRFIELD_L/:12kin
Inpest Dista Fie [ 321 |

[C:/PolsAR_DatasESAR/OP_AIRFIELD_L 521 bin
Irpet Dizta File [ 222 )

[[C-/PolsAR_Data/ESAR/OF_AIRFIELD_L/<22 bin

[~ ESAR Data with Headar
Irehal Numier of Aoves 2818 Irikial Numiber of Cols 1540
I Corvest Input IEEE binary Format (LE<-2BE)

i—OZ/Z)Q/O? Lecture D2L5 part 2 Software Tool : Po_ISARpro v3.0 Eric POTTIER 33
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PISAR Sensor

' PISAR Input Data File

’h-’-lgk

Inpedt Direchory
[C-7PolSAR_Data/MISAR/TSURUBA_L

Dutput Diecton

[C /PastR_Daa/MSaRTSUKLEA_| :}j

PISAR Diata Format

W MGP.C Data File [Mudti-|ook: Ground Range - Compressad PalSar Data)

[~ S5C or MGF Data Files [Single-look Slant Range Complex PolSar Datal
[MukHook Ground Rangs Polsar Data)

Inpett MGP-C Data File

|L /Pol5aR_Data/MSAR/TSURUBA_L/TSUKUBALIMGR_C

&

Irpet Dista File [ 511 )

Iripek Diata File [ 512 )

Inpat Dista File [ 221 |

b

Iniput Data File [£22 )

[T Corwest Input IEEE binan Format LE<-3BE]

L3 ol Conca

e =
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f RAMSES Input Data File

|nput Directom

| I:/PalSaR_Data/RAMSES /OVDASTROZ209
RaMSES Header File

| I:/PolSaR_Data/RAMSES DVDASTRO209/isk0203_FRefHh_rad_2.ent

Edit Header
Input Data File [ 11 )

&

| I:/PolSAR_Data/RAMSESCWDASTRO209str0209_RefHh_rad 2 dat
Input Diata File [ 12 )

| I:/PolSAR_Data/RAMSESOWDASTRO209 str0209_RefHv_rad 2 dat
Input Data File [ 527 )

| I:/PalSaR_Data/RaMSES DVDASTRO209/str0209_Fefvh_rad_2 dat
Input D'ata File [ 222 )

| I:/PolSAR_D ata/RAMSE S DVDASTRO209/str0203_Refv_rad_2.dat

Initial Mumber of B owes B493 Initial Mumber of Colz 1159
[~ Carveett Input IEEE hinany Famnat (LE<-+BE)

% & % ||

Cancel
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VERSION FOR THE E.O.
SCIENTIFIC INVESTIGATOR

Data Processing Approach
along a ‘recommended’
and easy processing chain
Provide a First Qualitative
Analysis of the fully
polarimetric data set

e —— - e = ‘—')'&‘ —
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¢tesa

I x

=

T IEE -ol

£ e

=10l x|

T I o

Irnport

Frocess

Display

Tools
S| e

Lecturé D2L5 part 2

NavA £

> Input Data File
» QuickLook
» Extract Raw Data

» [T3] Elements

» Speckle Filtering
»Box Car
»Gaussian
»Lee Refined

> H /A Alpha

»Decomposition Parameters
»Eigenvectors Parameters

»Eigenvalues Parameters

» Polarimetric Segmentation
»H / A/ alpha Segmentation
»Unsupervised Wishart

H / A/ alpha Segmentation
»Supervised Wishart
H / A/ alpha Segmentation

» Batch Process
» Speckle Filtering
»H / A/ alpha Decomposition
» Unsupervised Wishart
H / A/ alpha Segmentation

{ Data Display }

e ?_'f-—_
Software Tool : PolISARpro v3.0

Eric POTTIER 37
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N@VA

I x

Irnport
Frocess

Display

Tools
S| e

- —
T

—— .,
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I x

=TT
S

Irnport

Frocess

Display

Tools
S| e

m— e ——— e

e i - T
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I x

=TT

.,3‘% i _.I =

CHEET -5

o 7 co ST

Ervironnernent
Irnport
Frocess

Display

Tools
S| e

-\,—_,_,—‘...__1'-
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PolSARpro V3.0 Software performs complete end-to-end
processing without the need for any other software.

f Pularinsetric SAR Data Processing and Educational Tool v3.0 - Feny

PolSARpro V3.0 Software
provides a comprehensive suite of

| - functions for the scientific
— i - exploitation of :
o i — e Fully and Partially POLSAR data
oy | e POLSAR and POL-INSAR data
Tools |
L | e
B § - ——
= ———— ——
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# Polarimetric Signatures

Representation
% Maszh " Mazh-Cokr
" Conkou " Mesh & Contour
" Suface " Mezh & Sufacs

Praal W oz Format Oriznkation

EAN @ Al =@
Clin | w [0

470

— Mouze Position

] ] T AI cie|

|B8 onuplot graph =101 %]

Mormalized Polarimetric Signature © Cross-polarisation channel

Tau (%) 30
Maix = -39.250244 o Min = -92.87 3959 oft

I8 gnuplot graph view: 60.0000, 30.0000 scale: 1.00000, 1.00000

= .
x S Max = -36.623230 0B Win = 75 454285 dB ——
sdowr: GO,0000, 30,0000 pcebe: 100000, 100000 " view: B0, 0000, 30.0000 scale: 1.00000, 1.00000

| 04/09/07 Lecture D2L5 part 2 Software Tool : PoISARpro v3.0 Eric POTTIER 43




tesa Ko

if Data Processing: H/ & / Alpha Decomposii
Input Directary

[ /EMIS AR Foulum_L

Output Directory

|E:£EMISAF|.:"Foqum_L ! =
Ikt Fraw 1 End Row 291 It Col 1 End Col E21

| Alpha, Beta, Delta, Gamma, Lambda I

Larnbda

Alpha
Entropy [H ]

Anizatropy [ 4]

W H A W [1-HA

Combinationz [H . &)
[ H1-4) W 11 -HIM - &)

Window Size |5

Run

'?. — e e

| 04/09/07

— T o — Sy
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ff Data Processing: H / & / Alpha Classification
— Input Diractary

[ /EMIS AR Foulum_L

— Output Direckony

[ /EMIS AR Foulum_L ! E?l

| nitRow |1 EndRow  [ad1 Init Col EndCol  [621

— Fepresentation

¥ Znizotopy Entropy Alpha
W H& + [1-HA Hl-4a) [1-HJ[1-4)

[~ Alpha [Hue) / Entropy [Sat) / Lambda (Light)

—H /& / dlpha Clagsification

¥ Entropy / Alpha Planes (BMP) + Classifier [Bin + BMP)
™ Entropy / Anizotropy Planes [BMP) + Classifier [Bin + BMP)
[~ Alpha / &nizotiopy Planes [EMP) + Classifier (Ein + BMP)

Colortdap 8 |EOI0[Map;"F‘Ianes H_&_alpha_Colorkd apS.pal

— Tuo-Tuo [H / Alpha / Lambda | Classification

#f H_alpha_lamh

[ Entropy / Alpha / Lambda Planes (BMP) + Classifier [Bin + BMP)

Colarkap 27 | Colortdap/Planes_H_Alpha_Lambda_Caolorbdap2?.pal

Window Size |1 Reset

e
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f Data Processing: Wishart H / A / Alpha Clas
Input Directon

[ 2 /EMISAR Foulum_L

Output Directony

[ /EMISAR Foulum_L g ﬂ
Init Fiow 1 End Row 291 Init Cool 1 End Cal £21

Wwizhart H & & / Alpha Clazsification

% of Pixels Switching Class |10
M aximum Mumber of lterations |10

Wwindow Size 3

Caolor M aps

Colortdap 8 |ColnrMapMisharl_CnlnrMapB.pal
Colorkap 16 | Colort apwishart_Colorbdapl B pal

=
[ Coded Colarmap
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{f Data Processing: Rule-Based Hierarchical
Input Directory

[ C:/EMISARFoulum_C

Output Directon
|E:!EMISAH!Fnqum_C / _J'  Mierarc,. . Classification : Tree Structure Definition

Ikt Bow 1 End Row 1024 It Col 1 End Caol 1024

Clazzification Configuration

td axirmurm Murmber of lterations
Iv¥ E-tean Procedurs

% of Pirelz Switching Clazz

Ihput Parameters Specification

Parameterz File | C:/EMISAR Foulum_Cltree_parameters list bt

|nput Parameters List E ditar |

Hierarchical Stucture Definition

Structure File | C:/EMISAR /Foulum_CAtres_structure. bt

Hierarchizal Structure Editar ‘

Color Maps
Colorkap 32 | Colord ap/F andom_Colorkd ap32. pal

Run

| & Node (O Class
Mode Defirition
— Pasamater 1 |rho_hhwv_C_June bl | Paramater 2 |rho_hlvww_C_Ju
T E—— LGS
‘Weighting Coeft 1 1 ‘Weaghting Coaff 2 0 Operator ( Theechold Coeff | 0,40

Rezet @ Save & Exil

E— T —————— —

ne A

e . —
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sigma0_hv_L_April > -18dB
@ sigma0_hh_C_April > -30dB

rho_hhvv_C_April — 0.02 x sigma0_hv_C_April > 1

sigmaO_hv_C_June > -18dB
sigma0_hv_C_June > -12dB a

5/ 6

sigmaO_hv_C_June > -30dB rho_hhvv_C_June > 0.46

e IR

;—'a—-—i.—.__-' = = = —= —= e
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fDataProcessing:St iski

=10(x]

[ ‘wirap Test Mode

S2MATRIX STATISTICS
Mumber of zamplzs: 14601
Elernent 511

# Real Part

Tst order: Mean = 0,14318

2st order: Variance = 7.75103

23t order Vaniance Power = 7. 77284

3rd order: Skewness = -0.00867

3rd order: Non Centered Skewness = 3.34360
4rd order: Kurtosis = 3.18654

4rd order: Non Centered Kurtosis = 132 40712

4

=

o=

. Channel Elements———————
Clear Higta _‘
511 || ||Real Part 4

PDF
|:|| Run Close I” Thearitical PDF ﬂ

[l

04/09/07 Lecture D2L5 part 2

ex

Software Tool : PolISARpro v3.0

188 gruplot graph _ (o]

S11 Amplitude

e 311 Ampltude ——
230
200

150

Mbof Samples

{8 gnuplot graph

11 Amplitude (Rayieiah moddef)
300

Thearitical PDF : Ravyleigh ——
511 Amplituds (Rayleigh model)

230

200

150

Mbof Samples

100

a0
i

a
0

1% gnuplot graph

S11 Amplitude
350

=11 Ampltude ——
Thearttical PDF : Gaussian
300 Theaoritical POF : Exponential ——
Theoritical PDF : Ravleigh ——
250 Theoritical PDF : Uniform ——

200

150

Mb of Samples

o
& ﬁiiﬂlﬁh

0
457920, 403.575 Vale

—— e
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! gnuplot graph - |E||1|
=1

400

Modulus —
330

300

250

200

150

Mb of Samples

ics - Histogram : g B # 5 100

— Input Data File i ;
i : a0

C:/EMISAR Foulum_LA211 bin

0
0 001 002 003 004 005 005 007 008 009 04
-0.0128600, 401.462 Walue

— Input Data Format

= Complex " Float " Integer i i i :
~ioix

— Show ~
50 ; ; i =11

= Modulus ™ 10log[Mod) " 20log(Mod) " Phaze " Real " Imag _ : ? i 400 gt ——
— Histogram Title Hiztagram Label——— S o : 350
[511 [Modulus AR £ 300
— Minimum / Mazimum Yalues ; 20 ] I 3 7 0 £l
[~ Automatic Min  [0.000148 Max |01 MinMaH‘ ' s -
H e 3 150
| | Lol ' ] 3
CE’ D Clear ‘ Save ‘ Flot ‘ e Cloze 1
" hox ! 4 : ; 0

| . i : 0
Run @ Exit Lk ] ; 80 -70 -0 50 40 300 20 -10
i S -90.5000, -63.1579 Value

1ol

=1

MNb of Samples

400 Real Part —

350

] 300
250

200

150

100

T 50

=== 0
: 008 006 004 002 O 002 004 006 008
— - -0.0878400, 461.228 Value

Mb of Samples

—— e

s S
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besa oA

{f Data Analysis : ¥alue - Profile ) . RN G £ s : 1
’—Input Drata File J L L # s FLANGE PROFILE

C:/EMISAR/Foulumn_L/zpan_db.bin

— Input D ata Format
" Complex {* Float ™ Integer
— Pirel Value
| % [ 372 |~ [ 554 | 22568a08 ]
— Show
" Modulwz ¢ 10logMod] ¢ 20logiMod)

" Phaze * Real Part  Imag part e TP k-2 ] 0 90 40 B0 A0 400 120 140

; ) : ] : 82.7969, -49.8194
Range Length (i) | 200 Value | -22.569006 b % ] —

— Reprezentation

i ¢ ®Range { YPRange ¢ [XY]Fange o T ;
—Mouse Position—————— | ¢ Mesh € Suface § MeshC € Mesh S ; 30 PROFILE

iz 554 r— Miriniurn /b aioum  alues
Drientation ) Wi Ao Min | Ao Max| Aue | MinMax

— Profile Title
| RANGE PROFILE

E it

Max = -2 506436 T 0 Min = 53605782

view: 40.0000, 210.000 scale: 1.00000, 1.00000

eSNge—
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N@'ﬂf-’k & Advanced Training Geu reg
QVH on Land Remote | ﬁﬂlﬁing

Y Gucka oot - : [ ¥ Cablvsti- fosesament
- e T — - -y . o
P '_. 1) : A R -5 i Flaprrsantnbios
I ¥ Herge W erpli

™ % Rargs ™ Phae
L g Y A arge Langth I pa) |1'"

|! gnuplot graph
FaciVaheoi - Pad fon Fraed. | Owardobun

:a.l | 1 o I il Mormalized Calibrator Response =11 Channel
I-_ L S ER

PSLR
Hpiss Pogpan ¥ | 1

L[ [wl[=e va [ 0

-Du.-rn:—'

=k

A5
X

Max = 56528469 oB T Min = 30 518005 0B
view: 60.0000, 30.0000 scale: 1.00000, 1.00000

E11 chanrsl —
=12 chanrel i
21 choaivad
522 chanrel

—loj =l

F11 Charrsl —
512 chanral
71 ehirsd
522 chanral

g il - ¢

| | e

‘ B areagior graph

JI|

|‘|
BT ||l|' I¥ |||

s:-f‘ L

9. II]I]I.'l ZEITH
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PolSARproSim is a rapid, coherent, fully polarimetric and
Interferometric SAR simulation of forest.

Output Master Directon

|l::JDEV_PDISAFIpro_vS.EI_lrackD =[] @

Output Slave Directary

|C:JDEV_F'DISAFEpm_VSD_tlack1 =[] @

Geometric Configuration

Platform Altitude [ m ] 2000, Harizontal Bazeline [ m ) 10.0
Incidence Angle [ deg | 45, Vertical Bazeline [ m ] 1.0

Swyztem Configuration

Centre Frequency [ GHz ) 1.30

Ground Surface Configuration

Azimuth Resolution [ m ) 1.5
Slant R ange Rezolution [ m ] 1.0B0EE

Tukarial »

..... Roughest =10 ) 0 ilﬂ

Ground Moisture Comtent [ Driest=0 ... wiettest =10 ) |1_ill|
Azimuth Ground Slope [ %] ,? Range Ground Slope [ % ] IT
Farest Configuration
Tiee Species Hedge (0] Pine(1.2.3] Deciduous[4] IT:lﬂ
Tree Height [ m ] IT Farest Stand Dengity [ stems A Ha | IT
Forest Stand Circular Area [Ha ) lm

I Random Mumber Generator 38961 Save Config

Final Image Mumber of Rows 105 Final Image Mumber of Columns 141

Surface Properties [ Smoothest =0

Slides

Lectures MNokes

PolsaRpro Simulakor

Configuration File
| CADEY_PolSaRpro_w3 0_trackD/papsim_config

== ———7= M e o] o o)
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PolSARpro

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.

Given the map of tree locations
and dimensions a grid of points
is used to sample the attenuation

of the coherent.wave in 3D -

E——
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NBVA - Advanced Training Course &

-
e

PolSARpr

x|

View from Radar

,%\

e ————
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N@VA

/" viome - Windows Intemnet Explores

ih v |f- Hetp: | fearthotsa. int fpoksarpc)

ik & Home

« Earthmil

version 3.0 (January 2007)

AT PR

-t. |-:I xphtation ¢ ||||II|
'II||| I arty Missions and Emi .-!
B A wide-ranging tutorial and compr
polarnmatry and polarimabric
development of soent
procassing fumdtions offers users the

® Deda Soumcss

POLSARPRO is developed under con
miversity of Rennes
] Lr I=|

Contacts and
scknombedgaments all elements of the
the sourte co

li rifiomnm ’Itll.'ll'l ED'.".
studies. Maw

2. Prinil version

g and Educ ||||II
sed SAR dat
A qF* af
ehensive -'|".-'I et
sary to stum |I'|I

r r :r!-.-r-- o of
capability to |r1|'|| ama --'."'u.

interfarometry nece
hic applications that utilise

tract to ESA by a consort
The Microw waves and Radar

filiams. The initiative is
ll"--'-.'-\' W

POLSARFRO project are distributed by ESa free of charge

da .1'l:' ‘s of tha pri'L: access to the tutona
|r 25 of mas |:--:-Ia| sed data and recenty

ate betwean |:|a.. using the menu on the I-..-f'

tion mode products,

1r|nr pra ||'I-n -Kr

Institute (HR) of
3 direct result of

pricshap held at ESRIM in January 200

Last modised: 13-Mar-2007

aims to Facktate the
nchuding those fram ESA

rounding in
earch and

ium comprising IETR at
DLE and &EL

including

"'IBE' .al and
btained results

Details of the project

Access to the tutorial
and software

the

Information about status
of the development

Demonstration Sample
Datasets
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SR-C EDUCATHIN PROGRAM
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NgiA £

F PauliRGEbmp
= 5 -

Foulum (Slant Range)
(1750 rows x 1000 cols)

Ottawa Area
(222 rows x 3429 cols)

Ice Area
(544 rows x 5238 cols)

T B e S "E_
== ’ “F__ S WOoO- A1
= 0 e e

R e e,

e i o
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| 04/09/07 Lecture D2L5 part 2 Software Tool : PolISARpro v3.0




The Polarimetric SAR Data Processing
and Educational Tool v3.0

POLSARPRO s o mﬂ_fﬁﬂx_;'_?ﬁli_ the scientific exploitation of polarimefric
SAR dato and o medium for high-level edueation in radar polarimetry
and polarimetric interferometry




