Forest Retrievals

using SAR Polarimetry

(Practical Session D3P2a)




Pol-InSAR Practical
Forest Application




PolSARap Tutorial (C. Lopez - E. Pottier) »
Pol5ARap Showcases

Lectures Motes

Recent Advances

Basic Concepts (W.M. Boerner)

Advanced Concepts (E. Pottier, J.5. Lee, L. Ferro-Famil)

Peolanimetric SAR Interferometry cude, K. Papathana

Surface Parameter Retrieval (1. Hajnsek, K. Papathanass

multi pelarization interferometry

Polarization Coherence Toemography (Training Course)




f PolsARpro Simulator {c) Dr Mark L.

Ground
Ground + small vegetation

Forest

| 11| A

elm] 100

is a
rapid, coherent,
fully polarimetric

and interferometric el
SAR simulation of E——
forest. -



The SAR image is evaluated as a coherent sum of
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Pol-InSAR Data

B =10m

Geometric configuration

Platform altitude : 3000m
Incidence angle: 45°
Horizontal Baseline : 10m
Vertical Baseline : Om

System Configuration

Frequency : 1.5 GHz
Azimuth resolution : 1.3811 m
Range resolution : 0.6905 m

h=10m

Bragg Surface Scattéring

Ground Surface Configuration

Surface properties : 0 (smoothest)
Ground moisture Content : O (driest)
Azimuth / Range ground slope : 0 %

Forest configuration

Tree Species : 0 (hedge)
Tree Height: 10m
Forest stand density : 0.2
Forest Stand Circular Area : 1 Ha




f PolSARpro Simulator {c) Dr Mark L.
. ad

|| DATA_ MASTERDIR ||

B config.txt
=l ale -|| s11.bin, s12.bin

s21.bin, s22.bin
[m] 100

B config.txt
-ll s11.bin, s12.bin
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nfiguration .
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Final Image Mumbe




i Environment
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[+ NEST MztaD ata File

Colurmnz

Dbl gl Calorkd

Random




Configure Data Main Directories location

= (1] Y

[+ EMVI Config File [ MEST MetaData File

Input Master Directory: C:/Pol-InSAR_Training_Course/Master_Track

Input Slave Directory: C:/Pol-InSAR_Training_Course/Slave Track
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{f Data Processing: Sinclair Elements

Init B 1 Ernd Raow 30 Init Cal 1 End Col

® - ¢ 211 [dB) =111 [dB] " Phaze v BMP
" 221 [dB) = 121 [dB] * Phaze v BMP
r 212 [dB) =112 [dB] " Phaze v BMP
" 222 [dB) = 122 [dB] * Phaze v BMP

(" DeciBel = 10laglSpan]

Fun

Do it Yourself:
Select some elements, set the parameters and view the corresponding
BMP files (select BMP).




|| DATA_ MASTERDIR ||

B config.txt
-|| s11.bin, s12.bin

s21.bin, s22.bin

Axy.bin, Ixy.bin
-" Ixy_db.bin

sxy_pha.bin

_I_I Axy.bmp, Ixy.omp
- Ixy_db.bmp

sxy_pha.bmp




Coarse egistration

Flat Earth Estimation
Flat Earth Rermoval

ar Filter

ian Filter
ned Filter

_ . . R Segmentation
In-5AR Functionalities Fgme .

ishart Supervised Classification

fishart Unsupervised Classification

Complex Plane

Coherence Region - Optimum Triplet

Coherence Anal

Forest Height Inversion Procedures
Vegetation Height Estimation

Polarimetric Data Anal - -
Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histogram Based Statistics
Texture An

Edge Detector
Change Detector




if Interferogram Estimation

Init Row ki Init Col 1 End Cal 301

Image 1

{~ HH v Hv g " " Ay T LWL
Image 2

" HH

I~ Aweraging

Run

Do it Yourself:

Select polarization channels, set the parameters and view the
corresponding BMP files.

Note:
The Output Directory is automatically set to: MasterDir_SlaveDir




|| DATA_MASTERDIR SLAVEDIR| |
— config.txt
-|| interferogram_XX_XX.bin

-ll interferogram_XX_XX.bmp
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|| DATA SLAVEDIR | |

B config.txt
-|| s11.bin, s12.bin

s21.bin, s22.bin

|| DATA SLAVEDIR FER| |

B config.txt
-|| s11.bin, s12.bin

s21.bin, s22.bin

Do it Yourself:
Enter Flat Earth file name, set the parameters and run the function.

Note:
The Input Slave Directory is automatically set to: SlaveDir_FER




i Interferogram Estimation

Course/Master_Track

ave_Track_FER

It Col 1

Image 1

i~ HH " Hy oy " W 'S L
Image 2

" HH

I Averaging

Run

Do it Yourself:

Select polarization channels, set the parameters and view the
corresponding BMP files.

Note:
The Output Directory is automatically set to: MasterDir_SlaveDir_FER




| |DATA_MASTERDIR_SLAVEDIR_FER| |
— config.txt

-|| interferogram_XX_XX.bin

-ll interferogram_XX_XX.bmp
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Do it Yourself:

Select polarization channels (linear, circular, pauli), set the
parameters (Box Car = 11x11) and view the corresponding
BMP files (select BMP).




|| DATA MASTERDIR SLAVEDIR FER |
B config.txt
-|| cmplx_coh_XX.bin

-ll cmplx_coh_XX_mod.bmp

cmplx_coh_XX_ pha.bmp
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#f Height Estimation from Inversion Pr:

o
EndCol  [301

[ Paolarimetric P itre Height E {faly J
[+ DEM Differencing &lgaorithm

[+ Coheren mplitude

-2 Fraction Factar




ster_Track_Slave_Track_FER

End Row 301 |t Col 1

Update List
I Palarimetric Phasze Centre Height Estimation

[+ DEM Differencing Algarithn

Weighting Coherence Fraction Factor

Ground Phase Centre

INVERSION PROCEDURES
DEM Differencing Algorithm
Coherence Amplitude Inversion Procedure
Ground Phase Estimation
RVOG Inversion Procedure
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Simplifications : Only 2 significant mechanisms — Low density medium = No refraction




=z +h

} 2=2

¢, Topographic Phase
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Vertical Wavenumber

POLARIZATION INDEPENDENT
-



i z:z0+hv
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Vertical Structure function
=
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Case of Uniform Random Layer

f, Incidence Angle

o Extinction Coefficient

POLARIZATION INDEPENDENT
-



RVOG = Random Volume Over Ground

i z:z0+hv

I =24,

2 Layer Combined Surface and random Volume Scattering

e
j@%

l(b)=8urface Scattering Contribution G/ V ratio

Volume Scattering Contribution
B. Treuhaft (2000), S.R. Cloude (2003)

POLARIZATION DEPENDENT




w, Polarisation Channel corresponding to Volume Scattering

MOL 2HV

W, Polarisation Channel corresponding to Surface Scattering
M/fﬁ’ £

HH-VV
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DEM Differencing Algorithm
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Coherence Amplitude Inversion Procedure

Assumption: Only Volume Scattering is present

yw.)=e"y,0 > [r(w.)=rvo
] p el’1hv _1
min | [y(w, )|~ o]

1-D Search Procedure
Look Up Table (LUT)
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Topographic Phase Estimation
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RVOG Inversion Procedure
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{ Height Estimation from Inversion Pro - DATA_MAST E R D I R_S LAVE D I R_F E R -

B config.txt
3m Init Col ’1— End Cal 3o -I DEM_dIff_helghtS.bln’ COh_hEIghtS.bln

Ground_phase.bin, Ground_phase_median.bin
RVOG_phase_heights.bin, RVOG_heights.bin

i“ DEM_diff_heights.omp, Coh_heights.omp

Ground_phase.bmp, Ground_phase_median.bmp
RVOG_phase_heights.omp, RVOG_heights.omp

AR _Training_

Fun

Do it Yourself:

Set the parameters (Median Size = 21,
Factor = 0.4)

and view the corresponding BMP files.



DEM_diff_heights Coh_heights Ground_phase

Ground_phase_median RVOG_phase_heights RVOG_heights
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(" Complex

Do it Yourself:

Select a BMP file

Select a BIN file

Select Input Data Format
Select Show

Select Area (line or rect)
SAVE

PLOT

nter_height_HV.bin =

" Integer

ave_Track_FER/ph:

*" Float

" 10logiMod) " 20lagltod) - * Real f

Histogram Label

Label
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{* line
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J " box
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u gnuplot graph

ff Data Analysis : Statistics - Histogram

6 4 2 0 2 8 1D 14 18 B4 2
-5.79870, 810.526 e -9.30000, -126.316

Coh_heights RVOG_heights
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{f Data Analysis : ¥alue - Profile
Input Data File

" Integer

—

€ 20lng(Mod)

Do it Yourself:
Select a BMP file Auto b
Select a BIN file = Profie Tite
Select Input Data Format
Select Pixel
Select Show
Select Representation
X Range / Y Range = 200pix
XY Range = 30 pix (3D)
Set Min / Max Values
PLOT

FAMGE PROFILE

Euit




f Data Analysis : Yalue - Profile

wgnuplot graph

(¥ Float
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Pol-InSAR Practical
Forest Application
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Configure Data Main Directories location

i Environment

.l
Training ster_Track
3 Course ack.

= (1] Y

[+ EMVI Config File [ MEST MetaData File

Input Master Directory: C:/Taunstein_ ESAR/master_slc

Input Slave Directory: C:/Traunstein_ESAR/slave_slc
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if Interferogram Estimation

Init Row ki Init Col 1 End Cal 301

Image 1

{~ HH v Hv g " " Ay T LWL
Image 2

" HH

I~ Aweraging

Run

Do it Yourself:

Select polarization channels, set the parameters and view the
corresponding BMP files.

Note:
The Output Directory is automatically set to: MasterDir_SlaveDir




|| DATA_MASTERDIR SLAVEDIR| |
— config.txt
-|| interferogram_XX_XX.bin

-ll interferogram_XX_XX.bmp
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|| DATA SLAVEDIR | |

B config.txt
-|| s11.bin, s12.bin

s21.bin, s22.bin

|| DATA SLAVEDIR FER| |

B config.txt
-|| s11.bin, s12.bin

s21.bin, s22.bin

Do it Yourself:
Enter Flat Earth file name, set the parameters and run the function.

Note:
The Input Slave Directory is automatically set to: SlaveDir_FER




i Interferogram Estimation

Course/Master_Track

ave_Track_FER

It Col 1

Image 1

i~ HH " Hy oy " W 'S L
Image 2

" HH

I Averaging

Run

Do it Yourself:

Select polarization channels, set the parameters and view the
corresponding BMP files.

Note:
The Output Directory is automatically set to: MasterDir_SlaveDir_FER




| |DATA_MASTERDIR_SLAVEDIR_FER| |
— config.txt

-|| interferogram_XX_XX.bin

-ll interferogram_XX_XX.bmp







Do it Yourself:
Select Multi Look : Row = 6 and Col = 2
Select Output Data Format : 2 x [S2] >> [T6]

Note:
The Output Directory is automatically set to: MasterDir_SlaveDir_FER_MLK
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Do it Yourself:
Set the parameters : Num Looks = 3 ; Window Size = 3.

Note:

The Output Directory is automatically set to: MasterDir_SlaveDir_FER_MLK_LEE




| Create RGB file| |
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Do it Yourself:
Select the correlation coefficients, set the parameters (Box Car= 5x5) and
view the corresponding BMP files.
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Do it Yourself:

Select polarization channels (linear, circular, pauli), set the
parameters (Box Car = 7x7) and view the corresponding
BMP files (select BMP).
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. Q0P

Do it Yourself:
Set the parameters (Median Size = 21, Factor = 0.4) and view the corresponding
BMP files.

2D Kz File : DataDirectory / kz-ph-mlk / kz.bin







Min = Om
Max = 50m




Data Analysis : Histogram



Do it Yourself:

Select a BMP file

Select a BIN file

Select Input Data Format
Select Show

Select Area

SAVE

PLOT
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Do it Yourself:

Select a BMP file

Select a BIN file

Select Input Data Format
Select Pixel

Select Show

Select Representation

X Range / Y Range = 30pix
XY Range = 30 pix (3D)
Set Min / Max Values
PLOT
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