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Outline — Polarimetric SAR Interferometry

=7 Generation of an Interferometric and Polarimetric simulated data set
7 Decidous Forest @ PolSAR Pro SIM
7 Generation of the Complex Coherence
=7 Display and interpretation
=7 Flat Earth removal & renew generation of complex coherence
=7 Display and interpretation
7 Interferometric Coherence generation @ diff polarisations
=7 Linear polarisation coherences
=7 Optimisation of coherences
=7 Display and interpretation
=7 Volume height derivation
7 Interferometric phase
7 Coherence phase
=7 Analysis and interpretation

=7 Statistical Analysis
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PolSARpro-Biomass Edition V1.0.0 (January 2019)
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The Polarimetric SAR Data Processing and Educational Tool - Biomass Edition

» POLSARPRO IO

The Polarnimetric SAR Da 1 and Educational Tool

PolSARpro - Bio
SOFTWARE

WEB-LINK: http://earth.esa.

http://earth.esa.int/polsarpro

Ewrepean Space Agency
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PolSARpro-bic,
l§ e sa The Polarimel p SAR Data Prl:ctssil\q and Educational Tool - Biomass
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Single vs multi polarization interferometry
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Polarization Coherence Tomography (Training Course)
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c@Ssa PolSARpro—-bic,

The Polarimetric SAR Data Processing and Educational Tool - Biomass

|v| T3 ||S [Environment_ v] Enpot v%[Converl v][Prooess v][DispIay VMCaIibratio [Utilities V‘Tools v][CDnﬁguration v][Education v] [Help v @ : =
I )
Ground { PolSARpro Simulator {c) Dr Mark L. Williams _|O] x|

PolSARpro - Calculator _ . i‘w ‘i Sl
PolSARpro - Display Ground + small vegetation PolSARproSim

PolSARpro - SIM p m—> Forest

-

Paol S.AHPFD - Viewer L4 r— Dutput Master Directory
|C:/DEY_Pals&Rpro_vw3.0_trackD = | | Y |
SATIM Map Algebra -
— Output Slave Directory
SMAP - 51 TBX 3 | C:/DEV_PalSARpro_v3.0_track] bl | {r_?‘]l
— Geometnic Configuration
SRTM *
ASTER . Platform Altitude [ m ) I 2000, Harizontal Bazeling [ m ] I 10.0
Incidence Angle [ deg ] I 45, Vertical Baseline [m] I 1.0
GIMP L4 — System Configuration
GOOGLE EARTH r

Azimuth Resalution [ m ] 15
CalizF GHz] [ 1.0 I
entia Frequency (GHz ) Slant Fiange Resaltian [m] | 1.0608%

Close All Widgets

— Ground Surface Configuration

Surface Properties [ Smoothest=0 ... Roughest =10 ] I a :IZI

° Ground Moisture Content [ Driest=0 ... ‘wettest =10 | I 1 A|V|
PolSARproSim N : :
zimuth Ground Slope [ % ) IT Fiange Ground Slope [ %] IT

ra pid, COherent, funy — Farest Configuration

. . Tree Species Hedge [0] Pine(1.2.3] Deciduous[4) I 4 A|V|
p0|a rl metrlc a nd Tree Height [ m ] I 18.0 Forest Stand Density [ stems #/ Ha ] 300
Mark Williams | nte rfe rom et ri C S A R Forest Stand Circular Area [ Ha | [ 0.262745
’ Si m u I at i O n Of fo r‘e St I Random Murber Generator 35361 Save Config |
- Final Image Mumber of Rows 108 Final Image Mumber of Columns 14

= Canfiguration File 1
|| C:/DEV_PolS&aRpro_vw3.0_trackD/pspsim_config |

Fun s 2| £
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PolSARpro — SIM

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

DECIDUOUS

RANDOM HEDGE

Caliul\wvpdTivauuvll aliu
Remote Sensing

hajnsek@ifu.baug.ethz.ch
irena.hajnsek@dlIr.de
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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
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Simulation of a
Deciduous Forest Stand

Parameter space:

e Baseline (horizontal) 10 m

* Flight height 3 km

 AOIl 45 degree

* Forest type: deciduous

* Forest height 18 m

* Density (stems/ha) 300

* Smooth surface

* Low soil moisture

e Spatial resolution 1.5 x 1.06 m

Earth Observation and

> hajnsek@ifu.baug.
Remote Sensing

irena.hajnsek@c

Qi

x|
— Output b aster Directan

|E:£F‘rngramme£F‘alS.ﬂ.H pro wd O/rack_master {1y
— Output Slave Directary

|E:£F‘rngramme£F‘alS.ﬂ.H pro wd O/rack_slave {1y

— Geometnic Configuration

Centre Frequency [ GHz | 1.30

Platform Altitude [ m ] 3000, Harizontal Bazeline [ m ] | 100
Inzidence Angle [ deg | 45. Wertical Bazeline [ m ] | 1.0
— Supztem Configuration
Azimuth Bezolution [ m ] 1.5

Azimuth Ground Slope [ % ] | 2.0

Slant Ranage Resalution [ m ] 1.0B0EE
— Ground Surface Configuration
Surface Properties [ Sroothest=0 ... Foughest =10 ] 0 :l:l
Ground Moisture Content [ Driest=0 ... wiettest =10 | 1 alw|

Fange Ground Slope [ % | 1.0

— Forest Configuration

Tree Species Hedge [0] Pine(1.2.3] Deciduousz[4]

Tree Height [ ri | 18.0
Forest Stand Circular Area [Ha | | 282745

[ ale]

Farest Stand Denzity [ stems £ Ha | 300

I F andom Humber Generator B39

Final Image Mumber of Bows 105

Final Image Mumber of Columns

Save Config |

14

— Configuration File

| C:/Programme/FPolSARpro wd. 0ftrack_master/pepaim_config

| =) |

E xit |



Process the Data Interferometricaly

=@SAa PolSARpro-bic.

The Polarimetric SAR Data Processing and Educational Tool - Biomass

FE“? §§szz§>z>z'z v'E[Convert v][Process v][Display v][CaIibrationv][Utilities v][Tools v][Conﬁguration v] [Education v] [Help v] i I—

AN

@rﬁfata Sets (Single Baseline Pol-InSAR])
Multi Data Sets (Time s&g' E,'r PoI-EmSAR:]

Single Data Set (Pol-5AR)

tain Input Master Directom

IE: dy_Data_Directory/Pol-InSAR_FolSAR proSIk_forest/master = | | @ ”

t ain Input Slave Directory

IE: AMy_Data Directory/Pol-lnSAaR_PalSARproSIk_forest/dave = | | @ ”

ﬂ Save & Exit |

hajnsek@ifu.baug.ethz.ch m
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@SAa PolSARpro-bic,
The Polarimetric SAR Data Processing and Educational Tool - Biomass

i'l T3 “? [Environment v]gimgxxz vE[Conven v][Process v][Display v][CaIibrationv] [Utilities v][Tools v][Conﬁguration v] [Education v] [Help v] i —

Configure Data Main Directories location

tain Input Master Directony \

| C:#ty_Data_Directony/PolnSAR_PolSARPeSIM_forest/master = | | 1Ay ”

tain Input Slave Directory

| II:: dy_Data_Directorny/Pol-lnSaR_PolSAF proSik_forest/slave = | @ | @ ”

E Save & Exit |

Input Master Directory: C:/... /Pol-InSAR_datasets/master
Input Slave Directory: C:/... /Pol-InSAR_datasets/slave
-9
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s e s a PoISARpro-BTo‘.

The Polarimetric SAR Data Processing and Educational Tool - Biomass

Fl?“? [Environment v]éim@oz'z vE[Conven \|Process  v[JDisplay v][CaIibrationv] [Utilities v][Tools v][Conﬁguration v] [Education v] [I-lelp v] i —
s

Coarse Co-Registration

=3 Flat Earth Estimation

Flat Earth Rermoval

Box Car Filter
) Gaussian Filter
Lee Refined Filter

PolSAR Segmentation

ﬁ Wishart Supervised Classification

Wishart Unsupervised Classification

In-SAR Functionalities b —

Matrix Elements - Master
Matrix Elements - Slave

Matrix Elements - Cross

Correlation Coefficients Interferogram Complex Plane
Pol-InSAR Speckle Filter » q Coherence Estimation Coherence Region - Optimum Triplet
Coherence Analysis  * |

Pol-InSAR Segmentation b —

Pol-InSAR Functionalities - 1 1 e—
Forest Height Inversicn Procedures

Pol-InSAR. Functionalities - 2 *
m Vegetation Height Estimation

Polarimetnic Data Analysis ¥ o
| Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histogram Based Statistics

Texture Analysis

Edge Detector

; . Change Detector
Earth Observatlon and hajnsek@ifu.baug.ethz.ch 10 ETH
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s e s a PoISARpro-BTo‘.

The Polarimetric SAR Data Processing and Educational Tool - Biomass

Fl?“? [Environment v]éim@oz'z vE[Conven \|Process  v[JDisplay v][CaIibrationv] [Utilities v][Tools v][Conﬁguration v] [Education v] [I-lelp v] i —
s

Coarse Co-Registration

=3 Flat Earth Estimation

Flat Earth Rermoval

Box Car Filter
) Gaussian Filter
Lee Refined Filter

PolSAR Segmentation

ﬁ Wishart Supervised Classification

Wishart Unsupervised Classification

In-SAR Functionalities b —

Matrix Elements - Master
3

atrl

Matrix Elements - Cross

Correlation Coefficients Interferogram Complex Plane
Pol-InSAR Speckle Filter » q Coherence Estimation Coherence Region - Optimum Triplet
Coherence Analysis  * |

Pol-InSAR Segmentation b —

Pol-InSAR Functionalities - 1 1 e—
Forest Height Inversicn Procedures

Pol-InSAR. Functionalities - 2 *
m Vegetation Height Estimation

Polarimetnic Data Analysis ¥ o
| Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histogram Based Statistics

Texture Analysis

Edge Detector

; . Change Detector
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Generate the Scattering Matrix of the Master

'Y Data Process

[nput Directory

¢ Processes to BMP Flle IEZa"M_','_D-EIt-EI_DirE:CtI:Ir_l.J.-"PDl-|HS.":".H_PI:IE.":".HprDSlM_fDrESh"maStET

Output Directary

IE: Ay_Drata_Directon/Pol-n5aR_PolSARproSI_forest/master

[t B I 1 End Row 307 [rit Col I 1 End Col

511 A 11 411 [dB] = 111 (dB) Phase

521 oy e 421 (dB] =121 [dB) Phase

512 A2 - nz & A12(dB) =112 [dB] Phase

522 a2z 122 422 (dB] =122 (dB) Phasze

Fauli " Crplx " Mod & 20logl0fMod) [dB) Phaze

Span  © Linear ¥ DeciBel = 10logSpan]

Select Al | Rezet |
ol

Remote SenSing irena.hajnsek@dIr.de -12 Eidgendssische Technische Hochschule Ziirich
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Display Master Files with GIMP FOIESESITANon

[S11] [S12]

Span
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Swiss Federal Institute of Technology Zurich
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s e s a PoISARpro-BTo‘.

The Polarimetric SAR Data Processing and Educational Tool - Biomass

Fl?“? [Environment v]éim@oz'z vE[Conven \|Process  v[JDisplay v][CaIibrationv] [Utilities v][Tools v][Conﬁguration v] [Education v] [I-lelp v] i —
s

Coarse Co-Registration

=3 Flat Earth Estimation

Flat Earth Rermoval

Box Car Filter
) Gaussian Filter
Lee Refined Filter

PolSAR Segmentation

ﬁ Wishart Supervised Classification

Wishart Unsupervised Classification

In-SAR Functionalities b —

Matrix Elements - Master

Matrix Elements - Slave

Matrix Elements - Cross
Correlation Coefficients
Pol-InSAR Speckle Filter r

Pol-InSAR Segmentation b —

agra

Complex Plane

Coherence Estimation

Coherence Region - Optimum Triplet

Pol-InSAR Functionalities - 1 ¥
. Forest Height Inversicn Procedures

Pol-InSAr-Formeromanties - 2 ¥ . i ——
Vegetation Height Estimation

Polarimetnic Data Analysis ¥ o
| Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histogram Based Statistics

Texture Analysis

Edge Detector

Change Detector
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Generation of the Complex Coherence

,'f{? Complex Coherence Estimation

Input kaster Directary

* Go to Process |C:/POT TIER/RECHERCHE /ESA_Projets/E 54 _PalS aFra_2016/E5A_Training_2013/FOLINSA!

Input Slave Directorny

II:: APOTTIER/RECHERCHE/ESA_Projets/ESA_PaolSarPro_ 20T16/ESA_Training_2013/POLINSAF

Qutput b azter-Slave Directony
IE: /POTTIER/RECHERCHE /ESA_Projets/ESa_PolSarFro_2016/E54_ !faining_EEl'l 3/P0 4 I ?

Imit B I 1 End R 105 Irit Col I 1 End Cal |141

— Coherence
Estimation

— Pauli — Dptimal
[~ HH+wW [ H +WH [~ 5D [ L MinMax
[T HH-wy [ HH.w [T PD [ L Diff
[~ HR

Mumencal Badius Loci Minkd ax Lot Dniff
Note. |7Theta1 I Thetad I |7Num Fointz I |7Num Fointz I

The Output Directory is B Car Window o

automatically set to: Row [ 7 Col [ 7 averaging | Row | ool [
master_slave
Rur Histl E E:-:itl

e)))1 Earth Observation and hajnsek@ifu.baug.ethz.ch -15 m
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Display Complex Coherences with GIMP

yHH | YVV ‘ YHV

Coherence "' ( / ( /

Magnitude
g ( .. .’
' | ‘
0O |1
®HH
Coherence
Phase ~
Inter-
ferometric
Phase
) -180° N +180°
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PolSARpro-bic,.

The Polarimetric SAR Data Processing and Educational Tool - Biomass

Fl?“? [Environment v]é%m;xx'i vé[Convert v] Process Display Calibrationv] [Utilities v][Tools v][Conﬁguration v] [Education v][HeIp

/ -

x
— Inhput D ata File
4 |I::.v'F'r|:|grammeHF'|:|IS.-’-'«Fipm wi . Dftrack_slavesflat_earth.bin El
— Dutput BMP Directory
|E:.v'F'mgrammeHF'DIS.-’-'«Fipm v Oftrack_slave El
Create BMP File : :
| nitRow [ EndRow  |105 itCol |1 EndCol  [141 |
[52] Master | [52] Slave Create RGE File — Data Format
i " Complex ¥ Float " Integer
[SPP] Master | [SPP] Slave STl chom
T4 | TE  Modulus ™ 10log(Mod) ™ 20log(Mod) " Phase * Feal " Imag
! ! : ! ColorMap JET———————— — ColorMap GRAY Calortap HSY
[ BMP Viewer EE O - oy C§ N C .
ol B e . . CTHE Y1 0
E E it
Initial Number of Cols [141 |
— Minirmwm /M aximum Y alues
¥ Automatic Min  [5a83 Max  [w3388 MinMa:-:l
™ Enhanced Contrast
— Dutput Farmat
" G-hits BMP " 24-hits BMP " 24-hits TIFF
— Output BMF File
|E:.-"F'n:ngramme;"F'u:nISAFipm wi Otrack_slaveflat_garth_real brop
Run E ﬂl
)))’ \ Earth Observgztlon and hajnsek@ifu.baug.ethz.ch 17 ETH
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Display Flat Earth

€

The flat earth is the
dominant frequency
component due to
the side looking
geometry (range
direction)

Flat Earth for the
simulation data were
already estimated
during the PolSARPro
Sim

Go to Display and
create a .bmp file

W Earth Observation and
N&© Remote Sensing

x
Input Data File
||T::£PrngrammEHPDIS.&Hprn wid Odftrack_slave/flat_garth bin -
Output BMP Directary —
||T::£PrngrammEHPDIS.&Hprn wd Odtrack_slawve !
[rit R 1 End Fow 105 it Col 1 End Cal 141
— D'ata Farmat
" Complex {* Float " Integer
— Shaow
 Moduluz " 10log(Mad) " 20log(Maod) " Phaze {* Real " Imag
Colortdap JET Colortap GRAY Colortap HEW
“H . - [ CHEITEE I
(O S e i - CHERT 1 C 0

[ritial Murnber af Cals 141

— Minimum & bMazimum % alues

W Automatic

Min I-El'EIElEl P am |+EIE|'E|'E| MinMa:-cl

[~ Enhanced Contrast

— ODutput Farmat

' g-bits EMP " 24-bits BMP " 24-bits TIFF

Output BMP File
||T::£PrngrammE£PDIS.&Hpru wid Odftrack_slave/flat_earth_real brmp

Run ﬂ E =it |

hajnsek@ifu.baug.ethz.ch -18
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Display Flat Earth Earth & Store as .bmp

OHH VvV
Coherence
Phase ~
Inter- |
ferometric
Phase

-180° T N +180°

OHV

Flat Earth:
regular fringe
pattern in range

-180° I N +180°
)))} Earth Observ,atlon and hajnsek@ifu.baug.ethz.ch -19 m
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s e s a PoISARpro-BTo‘.

The Polarimetric SAR Data Processing and Educational Tool - Biomass

| Fl?“? [Environment v] Hmport

Correct the Flat //
Earth

vE[Conven V][Tools v][Conﬁguration v] [Education v] [I-lelp v] i I

\|Process  v[JDisplay v][CaIibrationv] [Utilities
s

Coarse Co-Registration
Flat Earth Estimnation
Flat Earth Removal

Box Car Filter
) Gaussian Filter
Lee Refined Filter

PolSAR Segmentation

ﬁ Wishart Supervised Classification

Wishart Unsupervised Classification

V

< In-SAR Functionalities ’

Matrix Elements - Master
Matrix Elements - Slave

Matrix Elements - Cross

Correlation Coefficients Interferogram Complex Plane

Pol-InSAR Speckle Filter » q Coherence Estimation Coherence Region - Optimum Triplet
Coherence Analysis  * |

Pol-InSAR Segmentation 4

Pol-InSAR Functionalities -1 ¥
Forest Height Inversicn Procedures

Pol-InSAR. Functionalities - 2 *
Ié Vegetation Height Estimation

Polarimetric Data Analysis ~ # 9 o
| Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histogram Based Statistics

Texture Analysis

Edge Detector

; . Change Detector
Earth Observatlon and hajnsek@ifu.baug.ethz.ch 20 ETH
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Correct the Flat Earth

* Go to Processes
— Flat Earth Removal

Note:

The Output Directory is
automatically set to:
slave_FER

W) Earth Observation and
Remote Sensing

S% POLInSAR Flat Earth Re

[rput b aster Directary

| C:/My Data Directomy/PolnSAR_PolSaRproSI_forest/master

Ihput Slave Directary

| C:/My_Data Directony/PolinSAR_FalSARproSikd_farest/slave

[t Bow 1 Ernd Raow 30 [rit Col | 1 End Cal 30

20 Flat E arth File

C:fMy_Data Directony/PolinSaR_PalSARproSI_farestd/slaveflat_earth.bin = |

Irput Format

{" real [ deg) d ] (" cmpl [ cos, sin )

| Convert Input IEEE binary Farmat [LE <->BE]

@ﬂetrisatinn ugate

Cutput Mazter Directon

| C:/My Data Directomy/PolnSAR_PolSaRproSI_forest/master

CQutput Slave Directary
_—

| C:/ty_Data DirectomyPolinSAR_FPalSaRproSi_fkest/slave FER
Run @ |

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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s e s a PoISARpro-BTo‘.

The Polarimetric SAR Data Processing and Educational Tool - Biomass

Fl?“? [Environment v]éim@oz'z vE[Conven \|Process  v[JDisplay v][CaIibrationv] [Utilities v][Tools v][Conﬁguration v] [Education v] [I-lelp v] i —
s

Coarse Co-Registration

=3 Flat Earth Estimation

Flat Earth Rermoval

Box Car Filter
) Gaussian Filter
Lee Refined Filter

PolSAR Segmentation

ﬁ Wishart Supervised Classification

Wishart Unsupervised Classification

In-SAR Functionalities b —

Matrix Elements - Master

Matrix Elements - Slave

Matrix Elements - Cross
Correlation Coefficients
Pol-InSAR Speckle Filter r

Pol-InSAR Segmentation b —

agra

Complex Plane

Coherence Estimation

Coherence Region - Optimum Triplet

Pol-InSAR Functionalities - 1 4
. Forest Height Inversicn Procedures

Pol-InSAr-Fommetomantes - 2 ¥ . i ——
Vegetation Height Estimation

Polarimetnic Data Analysis ¥ o
| Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histogram Based Statistics

Texture Analysis

Edge Detector

Change Detector
 Earth Observation and hajnsek@ifu.baug.ethz.ch ) ETH
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Run again the Coherence Estimation

—7 Go to Process

=7 Coherence
Estimation

Note:

The Output Directory is
automatically set to:
master_slave FER

)))1 Earth Observation and
~ Remote Sensing

f Complex Coherence Estimation

[nput kM aster Directory

IE: APOTTIER/RECHERCHE /ES4_ProjetsE5A_PolSarPro_2016/E5A_Training_2013/POLINSA

[nput Slave Directary

IE: JFOTTIER/RECHERCHE /ESA_Projets/ESA_PolSarPro_2016/E54_Training_2013/POLINSAF

Output Master-Slave Direchany
I

#POTTIER/RECHERCHE /ESA,_Projets/ES4_PalSarPro_2016/E54_ iaining_Em /R0 I ? = |

[t B I 1 End Row 105 Irnit Col I 1 End Col I 141
Falli Optimal
H +v\®v+w WD [ L Mintax
H -y HH W= FO [ L Diff
[~ MR
Murmerncal B adius Lo Minkd ax Lo Diff —————
|7Theta1 I Thetad I |7Num Fuoints I |7Num Fointz I

Fh:uwl? I:-::II?

Hizt |

|’ Bow Car "Window

Run

MP

Ayeraging

|7me [ o [

E it |

hajnsek@ifu.baug.ethz.ch
irena.hajnsek@dlIr.de
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Display Complex Coherences with GIMP — After FE Correction
yHH YVV YHV

- — —

Coherence ( ¢ ’
Magnitude " b (” (/
C.

‘! LY \

[l | 1
®HH dVV HV
Coherence
Phase ~ :
Inter- .
ferometric )
Phase

-180° HEN m +180°
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Display Complex Coherences with GIMP — After FE Correction

yHH YVV YHV
(o ’
Coherence / » .y '
Magnitude sV " » .
Rl
l" ! : “"»
3 ‘C‘ .
0O @ | 1
yLL YRR

at ! -
L% 5

o 1
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Display Complex Coherences with GIMP — After FE Correction

yHH YVV YHV
.. ’ “
Coher.ence / » ; ..
Magnitude & s '
l v \, . \?
’ I
- ‘ : “ .
0 s
yoptl
- .Yl T
“r T, ' N,
- iy ’:g
-
' . [
| “’
. e’O ; — ‘
) e O S .
0O s
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@S Q PolSARpro-bic,
The Polarimetric SAR Data Processing and Educational Tool - Biomass

Fl?“? [Environment v]éim;xx'ﬁ vlé[Convert \|Process  v[JDisplay v][CaIibrationv] [Utilities v][Conﬁguration v] [Education v] [Help v] i —
s

COherence Coarse Co—Rngistiation -7 GO to Process
% Flat Earth Estimation

Plane Fiat Eath Removal — Coherence Analysis
Investigation —~ Complex Plane

) Gaussian Filter
Lee Refined Filter

PolSAR Segmentation

ﬁ Wishart Supervised Classification

Wishart Unsupervised Classification

In-SAR Functionalities 4

Matrix Elements - Master
Matrix Elements - Slave

Matrix Elements - Cross

Correlation Coefficients Interferegram

Complex Plane

Coherence Region - Optimum Triplet

Pol-InSAR Speckle Filter  * —> il
< Coherence Analysis  *
Pol-InSAR Segmentation 4 v

< Pol-InSAR Functionalities - 1 » >
. Forest Height Inversicn Procedures

ol- Ec- /2 » ) ] ) )
Ié Vegetation Height Estimation

Polarimetric Data Analysis ~ # 9 o
| Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histogram Based Statistics

Texture Analysis

Edge Detector

Change Detector

Earth Observatlon and hajnsek@ifu.baug.ethz.ch 7 ETH
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Coherence Plane Investigation

-7 Select an area

=7 Save the plot with the
complex circle

~ 0O x

s

w0 Earth Observation and
. Remote Sensing

""‘Coher»enca - Complex Plz

Complex Coherence Raw Data Directory

|D:!hainsek/lectute.f’fsu201 1/track_master_track_slave

— Mouse Position

x|[49 [v|[e [vall|[ 085

— Pizel Values

X[ (Y15 [val][ 055

— Representation

v NH

V JAH +w
RA

[~ Opt1

I~ NR1

[ PD High

[T MaxMag

™ Max Pha

[~ MagHigh

[~ PhaHigh

&veraged Coherences

| b
H -V
LR
™ opt2
T NR2
™ PD Low
[T MinMag
™ MinPha
[T MagLow
™ Phalow

e

I " Point

-

Area Size [pix)
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Complex Unit Circle

[2019_01_23_00_01_43_TMP_1GnuPlot] (importée)-1.0 (Couleur indexée, 1 calque) 6406480 - Gl..  — O ks [2019_01_23_00_01_43_TMP_1GnuPlot] (importée)-2.0 (Couleur indexée, 1 calque) 640x480 - Gl...  — [m] *

Fichier Edition Sélection Affichage Image Calque Couleurs Outils Filtres Fenétres Aide Fichier Edition Sélection Affichage Image Calque Coulewrs Outils Filtres Fenétres  Aide

054

7]
O ST e e e .
07 .
] ;
£ o i e
0
o]
B S ] i
I] e I .
o] . . o1 . . . . B
] [2019_01_23_00_01_43_TMP_1GnuPlot] (importée)-3.0 (Couleur indexée, 1 calque) 640x480 - Gl... — O * _’_,5"'
- e -

Edition

Fichier

Sélection  Affichage

Image

Lalgue

Couleurs  Qutils  Filtres  Fenétres  Aide

1_43_TMP_1GnuPlat.gif (2,4 Ma)
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CSa

PolSARpro-bic,

The Polarimetric SAR Data Processing and Educational Tool - Biomass

Fl?“? [Environment v] Hmport

¥ [Convert

Height
Inversion
Using Kz

=

Vegetation

\Process
N g

vi/Display v][CaIibrationv] [Utilities v][Tools v][Conﬁguration v] [Education v] [Help v] " —

=7 Go to Process

Coarse Co-Registration
Flat Earth Estimation
Flat Earth Rermoval

=7 Pol-InSAR Functionalities -2

5 Box Car Filter 7 Forest Height Inversion
Gaussian Filter

Lee Refined Filter

Procedures

PolSAR Segmentation

In-SAR Functionalities 4

Matrix Elements - Master
Matrix Elements - Slave
Matrix Elements - Cross

Correlation Coefficients

—

Wishart Supervised Classification
Wishart Unsupervised Classification

Interferogram Complex Plane

Coherence Estimation Coherence Region - Optimum Triplet

Pol-InSAR Speckle Filter r

Coherence Analysis  * ‘j

Pol-InSAR Segmentation 4

K : iiec -1 b
Pol-InSAR. Functionalities - 2 *

Forest Height Inversion Procedures ;

Polarimetnic Data Analysis ~ * 9

Vegetation Height Estimation

-

Polarization Coherence Toemography (PCT)

Data Histograms
Data Profiles

Histogram Based Statistics

Texture Analysis

¢ Earth Observation and
~ Remote Sensing

Edge Detector
Change Detector
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Height Inversion using different Methods

=7 2-Layer inversion model (standard):
Parameter space: groung/volume ratio,
underlying topography, height,
extinction

* RVoG Inversion

* Coherence Height 7 Amplitude inversion, assumption only
volume scattering is present, procedure
uses coherence to kz (0 s) inversion
according to a sinc funtion

7 Based on the inversion of the
scattering phase centers — simple
conversion into height

* Phase Center Heights (HH)

=7 Based on the difference of two

 DEM Difference Heights polarisation channels (phase location
between volume and ground)

}V¥; Earth Observatlon and hajnsek@ifu.baug.ethz.ch 3 EI'H
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Swiss Federal Institute of Technology Zurich



&

Volume
Coherence

Interferometric
Coherence

VVoI (f(Z)) €

<S,; S, >

V(S1 Sz) -

\/<Slsi> <S, S, >

J‘@ ik, zdz
ik,z, o

j f(z) dz

Volume
Coherence

’

\

hy
| = j
0
hy

lg = fexp
0

202
f(z) =0\ ex
(2) VO p[cose

. 20712
exp(iK,z )exp(Cose

[2

J+ mgd(z - zp)
0

0

cosf,

]dZ' G/V Ratio: m(w) =

ZI
sz' Vertical Wavenumber: K, =

2 Layer Scattering Model

V(W) = exp(ipq )VV”“(W)

m(w)

KAB
sin(8y)

ma (W) |
my, (W)lg

J

Volume Height h,,

Extinction 0}

Topography @,
G/V Ratio m(W)




Do it yourself!

* Please generate the following products
— Phase center heights i@v, HV, LL, LR, RR, Opt1, Optz,@

,'g? Height Estimation from Inversion Procedures >

— |nput Mazter - Slave Directary

IEZ.-"PD TTIER/RECHERCHE /ESA_Projets/ESA_PolSarPro_20E/ESA_Training_2019/POLINSARZ2019_Datas

— Output kaster - Slave Directon

IEZ.-"PD TTIER/RECHERCHE /ESA_Projets/ESA_PolSarPro_2016/ESA_Training_2013/POLINSARZ0T 4 I

Irit R 1 End Row | 105 Irit Col 1 End Col 14|
IIpdate List |
N

@wlarimetric Phaze Centre Height E stimation Polarimetric Channel HH -

[T DEM Differencing Algorithm

[T Coherence Amplitude Inversion Procedure

[T Ground Phaze Estimation and FY0G Inversion Procedure

M edian Window Size I ﬂ il Wieighting Coherence Fraction Fachor I
Top Phasze Centre  |HY - Ground Phaze Centre IHH + -
— 20 Kz File

IE:.-’F'EITTIEFHFI ECHERCHE/ESA_Projets/ESA_PolSarPro_2016/ESA_Training_2019/POLINSAR20M9 Data @ |

) )) Earth Obse fun | o) = '

gI
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Phase Center Heights [m]

min max
-5 m HEEN N +25 m

HH VvV

Earth Observ,atlon and hajnsek@ifu.baug.ethz.ch -34
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Do it yourself!

Please generate the following products
— Compare the different inversion models in terms of height inversion

,'? Height Estirnation from Inversion Procedures *

Input b azter - Slave Directory

| C./POTTIER/RECHERCHE/ES4_Projets/ESA_PolSarPro_2016/ESA,_Training_2019/POLINSARZ2019_Datas 53

Output b azter - Slave Directary

| C:/POTTIER/RECHERCHE/ESA_Projets/ESA_PolSarPro_2016/ES8_Training_2019/POLINSARZO 4 |

[rit Bo 1 End Row 105 [t Cal 1 End Cal 14
|lpdate List |

Iv Polarimetric Phase Centre Height E stimatian Polarimetric Channel  [HH hd

a DER Differencing Algorithm

a oherence Amplitude lnversion Procedure

6 round Phaze Eztimation and BYOG Inversion Procedure
A
Median Window Size ﬂ ﬂ W eighting Coherence Fraction Factor W

Top Phaze Centre < fi ’ | Ground Phaze Centre @
20 Kz File

| C:/POTTIER/RECHERCHE /ESA_Projets/ESA_PolSarPro_2016/ESA_Training_2013/POLINSAF HH+VV

Earth Obse| o His 6 | Exit r

Remote Sensin g ';r(-::r;aﬁajgls;ei('@;d'l;d_e' o0 Eidgendssische Technische Hochschule Ziirich
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Height Inversion using different Methods

* RVoG@G Inversion

min maxX
-5 m N N +25 m

=7 2-Layer inversion model (standard):
Parameter space: groung/volume ratio,
underlying topography, height,
extinction

* Coherence Height _ _ _ _
7 Amplitude inversion, assumption only

volume scattering is present, procedure
uses coherence to RVoG model
predictions (0 s) inversion according to a
sinc funtion

min max
-5mE N +25 m

* Phase Center Heights (HH)

min max
-5 m HE N +25 m

=7 Based on the inversion of the
scattering phase centers — simple
conversion into height

- DEM Difference Heights 7 Based on the difference of two

min max __ ,t#_ polarisation channels (phase location
-10 m E— 410 m . | between volume and ground)
SR NE
L
V55 Earth Observgtlon and hajnsek@ifu.baug.ethz.ch 36 ETH
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Do it yourself!

e Please generate the following products

— Compare the phase center heights (statistics)

,'? Height Estirnation from Inversion Procedures *

Input b azter - Slave Directory

| C./POTTIER/RECHERCHE/ES4_Projets/ESA_PolSarPro_2016/ESA,_Training_2019/POLINSARZ2019_Datas 53

Output b azter - Slave Directary

| C:/POTTIER/RECHERCHE/ESA_Projets/ESA_PolSarPro_2016/ES8_Training_2019/POLINSARZO 4 |

[rit Bo 1 End Row 105 [t Cal 1 End Cal 14
|lpdate List |

Iv Polarimetric Phase Centre Height E stimatian Polarimetric Channel  [HH hd
[+ CEM Differencing Algorithm
[v Coherence Amplitude Inversion Procedure

[v Ground Phasze Estirmation and BWOG Inversion Procedure

Median Window Size 11 ﬂ ﬂ W eighting Coherence Fraction Factor 0.5
Top Phase Centre  |HY | Ground Phaze Centre  |HH +W |
2D Kz File

| C:/POTTIER/RECHERCHE /ESA_Projets/ESA_PolSarPra_2016/ESA_Training_2019/POLINSAR2019 Data (&

1 [
Earth Obse Fin _ L &) Eslt

=97
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Statistics: Histogram for the Vegetation Height

7 Data Analysis : Statis

[ Input Data File

Input Data Format
" Complex @ Float " Integer
Show
" Modulus € Phase @ Real € Imag
Histogram Title Histogram Label
| HISTOGRAM | Label

Minimum / Maximum Values [ z-axis )

" 10logMod) ¢ 20log(Mod)

V¥ Automatic Min I Auto Max I Auto MinMax I

@ Jine ' N
Elearl Exlracl&Processl Plot e bo _,‘I &4 Closel
ox
Exit |

Do it Yourself:
Step 1: Select a BMP File

Earth Observation and
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Statistics: Histogram for the Vegetation Height

- 5 7

- "MapAlgebra vi 1 = e S|

' Input Data File
IC:J’My_Data_DirectornyoI-InSAH_F'oISAFIproS|M_Iorest:’master_slave_FEHJRVUG_heighls.bin Dﬂ'l

Input Data Format
" Complex " Float " Integer

Show

" Modulus " 10log(Mod) " 20log(Mod) " Phase ' Real  Imag
Histogram Title - Histogram Label '
| HISTOGRAM | Label

Minimum / Maximum Values [ =-axis )

¥ Automatic Min | Auto Max | Auto MinMaxl
@ line oy i
Clear | Extract & Process | Plot twi| <« | Close |
" box
ol

zoom : 83 ¥ pixel : 145

Do it Yourself:

Step 2: Select an Input Binary Data File
Select what to Show
Enter the Histogram Title
Enter the Histogram Label

)))) Earth Observ,atlon and hajnsek@ifu.baug.ethz.ch -39 m
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Statistics: Histogram for the Vegetation Height

Ty

- - . ‘: ' i = { - o .‘“. . i - < — ‘;‘,—,\p‘ji [ . ‘ 7- ’ r oAlgeb — 1 ' . = ‘;.
-1- RVOG_heights.bmp [301x30 -1- RVOG_heigh Q
CMENU] r : &
a 5
Select area,..
Delete area... ] Select area...
‘ Delete area,..

Save configuration,..

zoom ; 83 % pixel : 72 43 zoom : 83 % pixel 225 zoom : 83 % Ipixel 2
value = -5,00 < 9,53 Q 25,00 value = -5,00 K 7,77 < 25,00

Do it Yourself:
Step 3 : Define the polygon area
1) Right button : Select area
2) Left button : Draw the polygon
3) Enter : Close the polygon
4) Right button : Save configuration

e)))1 2 Earth Observ,atlon and hajnsek@ifu.baug.ethz.ch - 40 - - N
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Statistics: Histogram for the Vegetation Height

[ Input Data File
IC:EMy_Data_Direclotnyol-InSAH_PolSAFlp:oSIM_Iorest!masler_slave_FEFI:’HVUG_hejg'nls.bin D'\'l

& Float " Integer

" Modulus " 10log(Mod) " 20log(Mod) " Phase ' Real  Imag
— Histogram Title Histogram Label ‘

| HISTOGRAM | Label

Minimum / Maximum Values [ x-axis |

¥ Automatic Min | Auto Max | Auto MinMau|
zoom § 83 % pixel : 153 J

value = —5.00'( 8,24 < 25,0( @ line
Cleaf{] Extract & Process | Plot P S| et | Close |
box
o

Do it Yourself:
Step 4 : Extract and Process

L Remote Sensin g irena.hajnsek@dIr.de -4l Eidgendssische Technische Hochschule Ziirich

Swiss Federal Institute of Technology Zurich
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Statistics: Histogram for the Vegetation Height

Input Data File
IC:/My_Data_Di«ectotylPol-InSAR_PoISAFIproSIM_forest/maslel_slave_FEFI/RVUG_heighls.bin = |
Input Data Format - :

-1- RVOG_heights.,bmp (301x3(

" Complex & Float " Integer
— Show
" Modulus " 10log(Mod) " 20log(Mod) € Phase & Real € Imag
[ Histogram Title : ™o
| HISTOGRAM

Minimum / Maximum Values [ x-axis )

vV Automatic Min | A

’ Clea:l Ext:act&ProoessI

HISTOGRAM

zoom : 83 %
value = -5,00

Do it Yourself:
Step 5: Plot the histogram

Mb of Samples (Max = 2?8)

))),_ Earth Observgtlon and hajnsek@ifu.baug.ethz.ch » ETH
Remote SenSIng irena.hajnsek@dIr.de Eidgendssische Technische Hochschule Ziirich

Swiss Federal Institute of Technology Zurich



Hb of Samples

Phase Center Heights

min max
-5 m B N +25 m
3 i HH ; VvV
390 ' " Label ' ' "Label "Label
HH W | HV
=18 =9 a value 9 18 135 a va15ue 18 15 28 a va15ue 18 1% 29
primarily ground contribution primarily volume contribution
) \i}; Earth Observatlon and hajnsek@ifu.baug.ethz.ch 43 EI'H
N Remote Sen5|ng irena.hajnsek@dlr.de Eidgendssische Technische Hochschule Ziirich
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Hb of Samples

Phase Center Heights
min max

RR

20

HISTOGRAH HISTOGRAH HISTOGRAH

408 T T T T
Label Label Label
sso | LL RR LR
300 -
250 -
288 -
158 -
188 - q
=18 =3 a il 18 19 28 a a9 18 15 28
Value Value
hajnsek@ifu.baug.ethz.ch -44 m
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Hb of Sanples

Phase Center Heights
min max

_ Optl Opt2
primarily ground contribution primarily volume contribution
hajnsek@ifu.baug.ethz.ch - 45 m
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Height Inversion using different Methods

* RVoG@G Inversion

min max
-5SmEE N 425 m

* Coherence Height

min max
-5 mE N 25 m

* Phase Center Heights (HH)

min max
-5mE N 25 m

* DEM Difference Heights
min max
-10 m HEN N +10 m

')\)\ Earth Observation and
{."*' Remote Sensing

Y

-

i

o

O,
&

-
*

i-

hajnsek@ifu.baug.ethz.ch
irena.hajnsek@dlIr.de

Hb of Samples

38

25

28 -

15

18 -

HISTOGRAH

"Label ——

RVoG Inveréion

Value

ETH
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Height Inversion using different Methods

38

HISTOGRAH

e RVoG Inversion _RVoG Inversion nm
min max | lh 1 J
_5 m _ _ +25 m - I I HISTEIIGRHH IL —

Coherence|Height

* Coherence Height _
min max
-5 m m— S +25 m S

* Phase Center Heights (HH) J M'LL :
min max : 10 15 20 2
-5 m E— " +25 m e

* DEM Difference Heights T
min max ik

-10 m N +10 m - ':'TI |
i :_ L
)\))'¥ Earth Observation and hajnsek@ifu.baug.ethz.ch 47 ETH
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Height Inversion using different Methods

38

HISTOGRAH

* RVoG@G Inversion

min max
-5SmEE Nl 425 m

25

35

RVoG Inversion | IMM J

"Label ——

HISTOGRAH

38 -

* Coherence Height

25

Cohefence 'Hei

"Label ——

Nght
I

HISTOGRAH

48

min max
-5 mE N 25 m

35
38
25

* Phase Center Heights (HH)

28 -

Hb of Sanples

Phase Center Heights (HH)

min max
-5 m EE— N +25 m _
» DEM Difference Heights o )

min max AT

-10 m N +10 m m ':'i |
' -
="
6))) Earth Observ.ation and hajnsek@ifu.baug.ethz.ch -48
' Remote Sensmg irena.hajnsek@dlIr.de
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Height Inversion using different Methods

* RVoG@G Inversion

min max

-5SmEE N 25 m
* Coherence Height

min max

-5 mE N +-25 m

* Phase Center Heights (HH)

min
-5 m HEEN

max
I +25 m

* DEM Difference Heights

min max __-",k
-10 m N +10 m = ':'TI i
(1 Rlerd, b i~
*

Earth Observation and

, hajnsek@ifu.baug.ethz.ch
Remote Sensing

irena.hajnsek@dlIr.de

Hb of Samples

HISTOGRAH
38

"Label ——

25

RVoG Inversion | IMM J

HISTOGRAH

35

_Cohefence 'Hei hf
f«ﬂ f

"Label ——

25

I

HISTOGRAH

4

[Phase Center Heights (HH) ="

] NAr%\
HISTOGRAH

_ DEM Difference I'—Ieights'

48

' Label ——

35

38 -

25

28 -

15

18 -

L L L L L L
=6 =4 -2 a 2 4 6 il 18 12 14
Value
49 —— o
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