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Forest Application
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Simplifications : Only 2 significant mechanisms — Low density medium = No refraction
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POLARIZATION INDEPENDENT
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Vertical Structure function
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RVOG = Random Volume Over Ground

i z:z0+hv

¥ Z:ZO

2 Layer Combined Surface and random Volume Scattering

(W) _plt YvoL T ,u(W)
yY\W)=
1+ pa(w)
__ Surface Scattering Contribution ,
,U(W) ~ Volume Scattering Contribution G/Vratio
B. Treuhaft (2000), S.R. Cloude (2003)

POLARIZATION DEPENDENT
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W, Polarisation Channel corresponding to Volume Scattering
_nlh o
7(Wv)H =€ oL 2HV
u—0
W, Polarisation Channel corresponding to Surface Scattering

}’(Ws)=ej¢° Vo + H(Ws) L ol

1+,u(W) 500

HH-VV
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INVERSION
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L2 FOREST HEIGHT ESTIMATION

DEM Differencing Algorithm

7(WV)= ej¢07’v0|_
7(WS)H e

} ~ }/(WV)= y(w3)7VOL ~ V(WS)aeij“v

!

n o argly(w, )]-arg[y(w, )]
V K

z
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Coherence Amplitude Inversion Procedure

Assumption: Only Volume Scattering is present

V(WV)=ej¢07v0L = ‘7(WV)‘=‘7VOL‘
p eplhv_l

min

h,

‘7(Wv )‘_

1-D Search Procedure
Look Up Table (LUT)
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V(WV)= ej¢07’VOL

y(w,)=e' Yoo + (W)

1+/‘(WS) )

_ o p(w,)
- 1+ p(w,)

With:

e

GHT ESTIMATION K €EE!

c Phase Estimation

it _ 7(Ws)—y(w, J(1-L)

|
[&0 = arg[)’(WS)_ 7(Wv )(1_ L)]]

2
1-L1) =1 = [AL2+BL+C=O]

Estimation of L 7(WS)_7(WV

=ly(w, )’ -1 B=2%|(y(w.

)= r(w,)y (w,)] C=lp(w,)-p(w,)’

20-25 November 2017 | Yunnan Normal University Kunming, Yunnan Province,



' \k\\l\k
LI -OREST HEIGHT ESTIMATION R SXGeE)

RVOG Inversion Procedure

ik P ePh —1
pl eph -1

Expensive 2-D Search Procedure'!

!

h arg[y(wv )]_$0 +g ZSinC_l(‘}/(wv )‘)
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v v
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Suitable l 1

ompromise DEM Differencing Coherence Amplitude

Inversion Inversion
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Lz V MAIN MENU

'olarimetric SAR Data Processing and Educational Tool v5.1 - Meni

Multi Data Sets (Time series )

f Environment

Colurnz
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Lz, V- ENVIRONMENT

hd ’T r ‘:Envimnment

|
- 't aster_Track =R @
: Suia|

Track =] @

v EMVl Canfig File Iw MEST etaData File

Calurning

Input Master Directory: C:/Taunstein_ ESAR/master_slc

Input Slave Directory: C:/Traunstein ESAR/slave_slc
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Lz V PROCESS DATA

i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

Coarse Co-Registration
Flat Earth Estimation
Flat Earth Rermoval

mentation

In L Functionalities

. d Classification
Matrix Elerments - M I aten

Matrix Elements -

Matrix Element:

rised Classification

Correlation Coefficients Complex Plane

Pol- kle Filter ( stimation Coherence Ff.Egil:l n- o FltiI'I'IUr'I'I Trir:l|Et

Pol-Int gmentation

Pol- Functionalities - 1 ¥

Pol R Fundiionalities - 2 * Forest Height Inversicn Procedures
ol- 139 1CTITN 25 - L

Vegetation Height Estimation

Polarimetnic Data Analysis ¥ .. - T
Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histograrn Based Statistics

Texture Analysis

Edge Detector

Change Detector
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PROCESS DATA

i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

In L Functionalities

Matrix Elerments - M
Matrix Elements -
Matrix Element:

Correlation Coefficients
kle Filter

ntation

Polarimetric Data Analysis

Coarse Co-Registration
Flat Earth Estimation
Flat Earth Rermoval

Data Histograms
Data Profiles

Histograrn Based Statistics

Texture Analysis

Edge Detector

Change Detector

mentation

d Classification

Complex Plane

Forest Height Inversicn Procedures

Vegetation Height Estimation

Polarization Coherence Tomography (PCT)

Coherence Region - Optimum Triplet
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 Polarimetric SAR Data Processing and Educational Tool v5.1 - Me

hd ’T r ‘:Envimnment

L./ le 4 —
Ikt Fraw 1 End Row 301 Init Cal 1 End Cal am

Image 1

™ HH & Hy oWy HH+WY O HH - " LR " FR

Image 2

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

“Peitkl4” ERbEtERERREINE
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AR RAW INTERFEROGRAM {zesa

AR Data Processing and Educational Tool v5.1 - Men

| | DATA_MASTERDIR SLAVEDIR| |

B config.txt
-|| interferogram_XX_XX.bin

-Il interferogram_XX_XX.bmp
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PROCESS DATA

i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

Elernent

Elements -
Matrix Element:
Correlation Coefficients

Pol- kle Filter

Pol-Int gmentation

Pol- Functionalities - 1 ¥
Pol- R Functicnalities - 2 *

Polarimetric Data Analysis

4

Data Histograms
Data Profiles

Histograrn Based Statistics

Texture Analysis

Edge Detector

Change Detector

mentation

d Classification

rised Classification

Complex Plane

Forest Height Inversicn Procedures

Vegetation Height Estimation

Polarization Coherence Tomography (PCT)

Coherence Region - Optimum Triplet

ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE

20-25 November 2017 | Yunnan Normal University Kunming, Yunnan Province, PR. China

“Peitkl4” ERbEtERERREINE

2017#11A208—11A258 Z=AIMEX%E, E, BA



@mg \%

(EER W

i Polarimetric SAR Data Processin

T DATA_SLAVEDIR | |

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

s21.bin, s22.bin

Init Col 1 End Col

Input Format
" real [ deq) " cmpl [

[~ Caorveert Input IEEE binary Format (LE <-»BE)

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

s21.bin, s22.bin

Output Mazter Directa

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
ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE “Witk)A” EREEE MR
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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me

ave_Track_FER =
Init Bow 1 End Row 301 Init Col 1 End Col 301

Image 1
{~ HH (v Hy o - - . i~ LR " RR

Image £

I Averaging

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
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larimetric SAR Data Processing and Educational Tool v5.1 - Meni

nvert

| |DATA_MASTERDIR_SLAVEDIR_FER| |
B config.txt

-|| interferogram_XX_XX.bin
-Il interferogram_XX_XX.bmp
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AR Convert S2 - T : Multilook

larimetric SAR Data Processing and Educational Tool v5.1 - Meni
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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me

Ikt Fraw 1 End Row 1320 Init Cal 1 End Cal 1414

™ Full Resolution

—

-

FER_MLE
[2)

=

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

N7 e5] Note:
gt The Output Directory is automatically set to: MasterDir_SlaveDir FER_MLK
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PROCESS DATA

i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

In L Functionalities

Matrix Elerments - M
Matrix Elements -
Matrix Element:

Correlation

Polarimetric Data Analysis

4

Coarse Co-Registration
Flat Earth Estimation
Flat Earth Rermoval

Data Histograms
Data Profiles

Histograrn Based Statistics

Texture Analysis

Edge Detector

Change Detector

mentation

d Classification

rised Classification

Complex Plane

Forest Height Inversicn Procedures

Vegetation Height Estimation

Polarization Coherence Tomography (PCT)

Coherence Region - Optimum Triplet
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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me

7

End Cal a7

Mumber of Locks 3
Run

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
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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

Environment » nvert v||Pmcess

" Display

reate RGE Dual Files

| Create RGB file]

D

Output RGE File -
Do/TRALINSTEIN_

o o
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hd ’T r ‘:Envimnment
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Lz V PROCESS DATA

i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

Coarse Co-Registration
Flat Earth Estimation
Flat Earth Rermoval

mentation

In L Functionalities
. d Classification
Matrix Elements - I I I, ° I
rised Classification

Complex Plane

Coherence Region - Optimum Triplet

gmentation

Functionalities - 1 ¥

Functionalities - 2 » Forest Height Inversicn Procedures
1iction es - 2

Vegetation Height Estimation

Polarimetnic Data Analysis ¥ .. - T
Polarization Coherence Tomography (PCT)

Data Histograms
Data Profiles

Histograrn Based Statistics

Texture Analysis

Edge Detector

Change Detector
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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me

7 @
IT End Col ,TT

[ Ra23=[Hv1.w1)

AP | tMod / Phase |

Run

Do it Yourself:

Select the correlation coefficients, set the parameters (Box Car= 5x5) and

view the corresponding BMP files.
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PROCESS DATA

i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

In L Functionalities

Matrix Elerments - M
Matrix Elements -
Matrix Element:

Correlation Coefficients
kle Filter

ntation

Polarimetric Data Analysis

Coarse Co-Registration
Flat Earth Estimation
Flat Earth Rermoval

Data Histograms
Data Profiles

Histograrn Based Statistics

Texture Analysis

Edge Detector

Change Detector

mentation

d Classification

rised Classification

Complex Plane

Forest Height Inversicn Procedures

Vegetation Height Estimation

Polarization Coherence Tomography (PCT)

Coherence Region - Optimum Triplet
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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

hd ’T r ‘:Envimnment

it Col 1 End Cal

Linear ™ HH W HY %W pagi W HH+W W HH-% ¥ Hy +WH
Circular [ LL v LR W RR Optimal [ SvD [ PD [ MR [ L Minkdax [ L Diff

—

v BMP

l_
I Averaging l— l—

L]
G

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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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

Coarse Co-Registration
Flat Earth Estimation
Flat Earth Rermoval

mentation

In L Functionalities

. d Classification
Matrix Elerments - M I aten

Matrix Elements -

Matrix Element:

rised Classification

Correlation Coefficients Complex Plane

Pol- kle Filter

gmentation

Forest Height Inversicn Procedures

Vegetalln . on
Polarization Coherence Tomography (PCT)
Data Histograms

Data Profiles

Histograrn Based Statistics

Texture Analysis

Edge Detector

Change Detector

Coherence Region - Optimum Triplet
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{ Polarimetric SAR Data Processing an

d Educational Tool v5.1 - Me

7% |
InitRow | 1 [T Endco  [707

IJpdat

[ Palarimetric Phaze Centre Height E stimation Paolarimetric: Chanmel j

[ DEM Differencing Algorithm

[ Coherence dmplitude | on Procedure

[v Ground Phaze Estimation and BY0G |nversion Procedures

i edia = Weighting Coherence Fraction Factor

Top Phase Centre |HW hd
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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me

D TRALMSTEIMN_ESA

InitRow | 1 IT

™ Paolanmetric P entre Height E stimation Palarimetric Channel HH
[~ DEM Differencin

[ Coherel

¥ Ground Pt

Median YWin

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 —

AL
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s v] [Display v] [Calibration v] [Ulilities v] [Tuols v] [Conﬁguration v”Education v”HeIp

4
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i Polarimetric SAR Data Processing a

3 ‘ Environment #| Convert

Do/ TRAUMSTEIMN_ESAR fmast c_FER_MLE_LEE/TE

Cutput Master - Slave Directony

D/ TRAUMSTEIM_ESAR fmast o FER_MLK_LEE
Update Lizt
[ Polarimetric Phase Centre Height Estimation Polarimetric Channel
[ DEM Differencing Algarithm

| Coherence Amplitude |nversion Procedure

[v Ground Phaze Estimation and BY0G Inversion Procedure
Median ‘Window Size 5 ﬂ ﬂ

ﬂ Graund Phas

Yweighting Coherence Fraction Factor

[rit B 1 End Raw 2 [t Cal 1 End Cal

07
!

[

T L L R e Lata Analysis @ Histogram
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¥ Polarimetric SAR Data Processing and Educational Tool v5.1 - Ment

'W |? [Envimnment v]iim;:cze ?@[Converl v][Pmcess v] [Display v] [Calibration v] [Ulilities v] [Tuols v] [Conﬁguration v][Education v][HeIp '] ]

§ PauliRGB_TLbmp

Do it Yourself:

Select a BMP file

Select a BIN file

Select Input Data Format
Select Show

Select Area

SAVE

PLOT

ﬁ? Data Analysis : Statistics - Histogram

Input D ata File
| D TRALUMSTEIN_ESAR /master_zle_glave_sle_FER_MLE_LEE/T&/RYOG_heights. bin

Q Histogram

Input D ata Format
" Complex * Float " Integer

Shiow
" Modulus " 10lagltod) " 20logiMod) T Phaze * Real T Imag
Histogram Title Hizstogram Label

| HISTOGRAM | Label

Firirmum /b asimum Values [ #-asiz |

W Automatic Min Ao Max Ao Mintd ax
=
‘1 g g ‘ Clear ‘ Save ‘ ‘ Flot | ~ :;:: A Cloze
gl Exit
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i Polarimetric SAR Data Processing and Educational Tool v5.1 - Me:

Coarse Co-Registration
Flat Earth Estimation
Flat Earth Rermoval

mentation

In L Functionalities

. d Classification
Matrix Elerments - M I aten

Matrix Elements -

Matrix Element:

rised Classification

Correlation Coefficients Complex Plane

Pol- kle Filter ( stimation Coherence Ff.Egil:l n- o FltiI'I'IUr'I'I Trir:l|Et

Pol-Int gmentation

Pol- Functionalities -1 ¥
Forest Height Inversicn Procedures

Vegetation Height Estimation

Polarization Coherence Tomography (PCT)

Histograrn Based Statistics

Texture Analysis

Edge Detector

Change Detector
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i/ Polarimetric SAR Data Processing and Educational Tool ¥5.1 - Men

HEIGHT ESTIMATION

?@[Converl

= W |? [Envimnment v] Hmpert

v] [Pmcess v] [Display

v [Calibration | (Utilities

v] [Tuols

v][Conﬁguration v][Education v][HeIp '] ]

§ PauliRGB_TLbmp

Do it Yourself:
Select a BMP file
Select a BIN file
Select Input Data Format
Select Pixel
Select Show
Select Representation
X Range /7 Y Range = 30pix
XY Range = 30 pix (3D)
Set Min / Max Values
PLOT

ADVANCED LAND REMOTE SENSING INTERNATIONAL TR

ﬁ? Data Analysis : Value - Profile

/' RANGE PROFILE

Input Data File

| D /TRAUMSTEIM_ESAR fmaster_zlc_slave_slc_FER_MLK_LEE/TE/RWOG_heights. bin

¢

/

. Orientation
N | =
|

LT g

Input D'ata Format

" Complex * Float " Integer
Pixel Values

% [197 | v [ 64 | 28285244

Show

" Modulus

" Phaze

" 10log(Mod)
* Real Part

" 20lagtod)
" Imag part

Rangelength(pixl | 30 Walue | 28.285244

Reprezentation

v ¥Range © Y Range " [#.¥)Range
" Mesh  Suface @ MeshC € Mesh§
Firirmum /b asimum Values [ p-asiz |

W Auto Min | Auto Ma:4| fute | Mintax

Profile: Title

RAMGE PROFILE

E it
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