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Objectives

To provide the minimum, but necessary,
amount of knowledge required
to understand and to practice :

\:‘,' £ %

SAR Polarimetry + Interferometry (Pol-InSAR)

for forestry applications 2,
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Input Master - Slave Directol -

@ esa |C:HM9_D ata_Directony/PoHnSAR_PolSARpraSIk_forest/master_zslave_FER

Output Master - Slave Directary

IE:;"M}I_D ata_Directony/PoHnSAR_PolSAaRpraoSik_forest/master_slawe FER

3 POLSARPRO V. 5.2 InitFow | 1 EndFow am IitCo [ 1 EndCal

The Polarimetric SAR Data Processing and Educational Tool " : |
pdate List

[~ Polarimetric Phase Centre Height E stimation Falarimetric Channel  |HH j
v DEM Differencing Algorithm
¥ Coherence Amplitude Irversion Procedure

[¥ Ground Phase Estimation and RWOG Inversion Procedure
Median Window Size I 21 ﬂ ﬂ Weighting Coherence Fraction Factor I 04

Top Phase Centre |HY R4 Ground Phase Centre  |HH -4

http://earth.esa.int/polsarpro D Kz File

|E:.-’M_I,J_D ata_Directony/PolnSaR_PolSAR proSIM_forest/slave/kz bin

European Space Agency Fiun Hist | ﬂ

PolSARpro - practicals
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Objectives

7 Height Estimation fron

INVERSION PROCEDURES i

| C:/My_Data_Directony/PolinSAR_PalSaRproSI_forest/master_slawve FER

[ ] DEM DifferenCing Algorithm Output Master - Slave Directary

= ~ |c:xr~1 + Data Directony/PollnSaR_PolSaRproSik_forest/master_slave FER
* Coherence Amplitude Inversion Procedure — ’T —— [
nit Row nd Raow nit Col nd Cal
* Ground Phase Estimation & Ut it |

° RVOG I nve rSiO n Proced u re [~ Polarimetric Phase Centre Height Estimation Polarimetric Channel — |HH |

v DEM Differencing Algorithm

¥ Coherence Amplitude Irversion Procedure

[¥ Ground Phase Estimation and RWOG Inversion Procedure

Median Window Size 21 ﬂ ﬂ Weighting Coherence Fraction Factor 04

Top Phase Centre |HY R4 Ground Phase Centre  |HH -4
20 Kz File

| C:/by_Data_Directony/Pol-inSAR_PolSAR praSim_forest/slave/kz bin

Fur et aj

v [height_Bplot_real0] (importée)-104.0 (Couleur indexée, 1 calque) 707x220 — GIMP (=B s

Fichier Egmon Sélection  Affichage Image Calque Couleurs Outils Filtres Fenétres  Aide

N (] 100 200 300 500

)

m

1003 »| RVOG_heights.bmp (1.4 Mo)

1003 ~| height_8plot_reald.bmp (1.4 Mo)
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Height Estimati

Input Master - Slave Directory

| C:/My_Data_Directony/PolinSAR_PalSaRproSI_forest/master_slawve FER

Output Master - Slave Directary

| C:Aby Data Directony/PolinSAaR_PolSaRproSik_forest/master_slave FER

Init Fow 1 End Row 3m Init Col 1 End Col
Update List |

[~ Polarimetric Phase Centre Height E stimation Falarimetric Channel  |HH j

v DEM Differencing Algorithm
¥ Coherence Amplitude Irversion Procedure

[¥ Ground Phase Estimation and RWOG Inversion Procedure
Median Window Size 21 ﬂ ﬂ Weighting Coherence Fraction Factor 04

Top Phase Centre |HY R4 Ground Phase Centre  |HH -4

20 Kz File
: ;A I 3 |E:.-’M_I,J_D ata_Directony/PolnSaR_PolSAR proSIM_forest/slave/kz bin

N s 6]
Interferometry

3 =) Pol-INSAR
Polarimetry
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SAR

__H.‘

Intererometry

(In-SAR)
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Slant - range (x,r)
SAR image

r
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2-D SAR imaging =

Slant - range (x,r)
SAR image

eSd

2-D SAR image

r 3-D World
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Spatial diversity

SAR Interferometry

B : Baseline
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Slant - range (x,r)
SAR image

Slant - range (x,r)
SAR image

r
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3-D In-SAR imaging {zesa

Slant - range (x,r)  Slant - range (X,r)
SAR image SAR image |

2-D SAR image 2-D SAR image

: 3-D World
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In-SAR data statistics

Interferometric coherence Y

E(sls;) . E(sls§)=
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In-SAR data statistics

E(slsz) . 155

LS \/E(sls’{ )E(szs’;)_ NI
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E(slsz) . 155

LS \/E(sls’{ )E(szs’;)_ NI

Phase fringes

!

Contour lines

!

3-D World
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Relating In-SAR phase to height€Sa

¢ A¢1 e A¢topo + A¢fe

kK.B, s

Ao < 2 Sin(e,) 5

51

k. = n [ B, =Bcos(d, —a)
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Relating In-SAR phase to heightesa

SAR
IMAGES
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Relating In-SAR phase to heightesa

INTERFEROMETRIC
PHASE

%

)

)
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Relating In-SAR phase to heightesa

FLAT EARTH
REMOVAL
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Relating In-SAR phase to heightesa

ST
i

PHASE
UNWRAPPING
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PHASE TO
HEIGHT
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In-SAR data statistics

Interferometric coherence Y

Arg(})

DLR E-SAR L Band
Pol-In SAR (1.5m x 3m) — Baseline 5m
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IETR In-SAR data statistics

Interferometric coherence Y : decorrelation sources

'Y fixed by a set of external sources :

System :
* Thermal or system noise : SAR amplifiers, ADC, antennas ...

* Quantization noise

» Geometric decorrelation : Baseline, squint ...
« Azimuth : Doppler decorrelation ...

« Ambiguities ...

* Processing errors : coregistration, interpolation ...

Environment :
 Random media : Surface & Volumetric media e.g. forest ...

» Temporal variations : wind, flowing or plowing, building ...

[7 YVSNR ° 7quant Yamb ygeo Vaz 7proc 7/med|a 7temp]
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IETR In-SAR data statistics

Interferometric coherence Y : decorrelation sources

Y fixed by a set of external sources :

System :
* Thermal or system noise : SAR amplifiers, ADC, antennas ...

* Quantization noise

» Geometric decorrelation : Baseline, squint ...
« Azimuth : Doppler decorrelation ...

« Ambiguities ...

* Processing errors : coregistration, interpolation ...

Environment -

[ - Random media : Surface & Volumetric media e.g. fores] j %01 - model ?

» Temporal variations : wind, flowing or plowing, building ...

[ Y =VsNR *Yquant " Yamb " Y geo * Yaz * ¥ proc 'ymedia'ytemp]
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In-SAR data statistics

Interferometric coherence Y

& 'E(slsz') : 5152 _
. \/E(slsI)E(szs’;) 1112 | 4

In-SAR signal formulation

s,(x,r)=e "o [a, (Fe K" op(x = x ,r = rdv
V

s,(x,r)=e " ES (e K" 0p(x — x' ,r = )dv’
V
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Interferometric coherence Y

E(sls;) G E(leZ)z E(sls§)=

L5 \/E(sls’{ )E(szs;) Jlil2 | 4

Volume complex reflectivity ac (r)

1(x,r)= E(si (x,r)sf(x,r))= IO-Vi (¥)|h(x=x ,r=r)[*dv

E(sl(x,r)s;(x , r))= Io-\,e (?’)e‘j(ﬁl_EZ)(r'_?")\ h(x—x ,r=r)[dv

With : E(aCi (F)a. ( ))= o, (r)o(r-r) Reflectivity density

E(aCl (Fa ( ))= o, (r)s(r-r) Effective reflectivity density

> 8th ADVANCED TRAINING COURSE ON LAND REMOTE SESING :

10—14 September 2018 | Universlity of Leicester | United Kingdom -
i © E. Pottier - 2018



Interferometric coherence Y

E(sls;)

}’= 7 o Egsliz)z E(S_]_S;)=‘},‘ej¢ T ~T ~T
\/E(Slsz)E(SZS;) m | 1=l =
( ilic " '
IGVe (F")e_J(kl_kz)(f’ —ro)‘ h(X _ X r— r')\zdv'
_V
' .[Gv(r')( h(x-x ,r—r)’dv
g V £
e E(aci (f’)a; ( ))= Oy, (F)s(r—r) Reflectivity density

E(aCl (Fa ( ))= o, (r)s(r-r) Effective reflectivity density
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In-SAR coherence decompositioi®sa

Interferometric coherence Y
[o., (F)e Kl =) n(x — x ,r =) Pav
\%

= ja\,(F”){ h(x—x ,r—r)fdv

l

7=7temp°7media=7temp°(7x,y°7z)

Surface / Volume

7 . B
J'o_ve (F»r) A ik, (z—24 )dZ'
—_ ! Z
Yvol Yz j‘o_ve (rr) dz"
\_ Z J

Volumetric / random media decorrelation
v ‘
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In-SAR coherence decompositioisa

Volume decorrelation

I o, (2)e ik (270 )

Sy
£ _fave (z)dz
Z

Decorrelation due to the vertical structure oy (2)= A, f(2)

> 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING
10—14 September 2018 | Univers-ity of Leicester | United Kingdom

© E. Pottier — 2018



0 0
0
O 00 0® 00 Q4 o]y |9 000 9009008 o g

. 2 significant and uncorrelated mechanisms : volume + underlying ground
. low density medium = No refraction
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In-SAR coherence decompositioi®sa

Ground only

|
|
N
o
+
N
«
 /

Oy o, (2)
Ground layer o, (Z)= O'g5(Z — Zg)
N | ik.(z—

o volume Iave (Z)eJkZ(Z zo)dz.

e
"7 (o, @dz
Z

> 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10—14 September 2018 | Universlity of Leicester | United Kingdom -
Ty © E. Pottier - 2018



Random volume (RV) with null extinction

AKZ Zlk

+ Zo+h,

d
v <+ Zp+z,
- I Zy >
A, oy ()

No underlying ground S

0

ij(Z—Z ) H

Homogeneous medium jave (Z)e "dz _ (hv+zv )

e ey jRe = = e k,d

oty y,=—2 =e 2 sinc|
Null extinction : o (Z)= A, z Zg+h, 5
jave (z)dz
Zp+2y,
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No underlying ground

Non-null extinction : K,

Homogeneous medium with elementary reflectivity density oy, (z)= A/ecos(a)
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ZO'*'Zvo e jkzzvo p (e pld T lj p = COS(Q)
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d
' 4 Zy+z,
e A .
- Zy : >
O'g AV O-Ve ( z )
Non-null extinction : K
2x.d

Underlying ground : 1, = 096_003(0)5(2—(20 s Zg))

o 5y

Homogeneous medium with elementary reflectivity density o, (z)= A€
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In-SAR coherence decompositioi®sa

Random volume over ground (RVoG)

[, (2)elCaz
o, (2)=lg+ou(Z),J0, ., , =i
Ve g & ‘ [o+ vo *- 0+hv] = 7 IO've(Z)dZ'

z

I

Zo+h, Zo+h,
_fo-vo (z)e:C=%)gz 4 | e jo-vo (z)e:C=%)gz 4 | jels
Zo+2y, Zo+2y,
4 2 L, +1,
_favol (2)dz + 1,
Zo+2y, l
7’vo|'|'|gejzg e Zo+hv . ( )
ik jk, (z—2
V= VI =g rg Lvol 1 Yvol = jo-vo (Z)e "ldz
1+7g 1+ m V Zo+Z
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In-SAR coherence decompositioi®sa

Random volume over ground (RVoG)

~ __—jkzg
e Yvol =€ Y vol
y, = ejkzzg Yvor T M
1+m el k.B,
l * Rysin(6,)
! s A7 £,
Ground to volume intensity ratio: m = I_g & C
Y
Observables (2) : 7, Unknowns (4) : Zg, M, ¥y (2)

|

1 In-SAR acquisition vs. Complex RVOG structure : under-determined problem

l

— another source of diversity is needed : polarization ?
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Polarimelry

(Pol-SAR)
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Radar Polarimetry

Radar Polarimetry (Polar : polarisation Metry: measure)
IS the science of acquiring, processing and analysing
the polarization state of an electromagnetic field

Radar Polarimetry deals with the full vector
nature of polarized electromagnetic waves
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Radar Polarimetry {zesa

The POLARISATION information
Contained in the waves backscattered
from a given medium is highly related to:

..:!!'

ey
il

—

-;!l l
Hl)

" -

|
W

sSSSem

II" L
1=
g

2/
3
[

m\‘ L Ity
% -
|
y

-

Its geometrical structure
reflectivity, shape and orientation

|ts geophysmal propertles such as humidity, roughness
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Radar Polarimetry {=esa

e Forest Height

e Forest Biomass

e Forest Structure

e Canopy Extinction

e Underlying Topography

e Forest Ecology

e Forest Management
e Ecosystem Change
e Carbon Cycle

e Soil Moisture Content

e Soil roughness e Farming Management
e Height of Vegetation Layer e Water Cycle

o Extinction of Vegetation Layer e Desretification

e Moisture of Vegetation Layer

e Topography

e Penetration Depth / Density o Ecosystem Change
e Snhow Ice Layer e Water Cycle

e Snow Ice Extinction e Water Management
e Water Equivalent

e Geometric Properties

- e ety ¢ Dielectric Properties
ﬁi}’*""‘*

NG COURSE ON LAND REMOTE SENSING :
s2 207 luaiv s city of Leicester | United Klngdom : DLR Courtesy of Pr. |. Hajnsek

e Urban Monitoring
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/

TRANSMITTER: H&V 2

RECEIVERS: H&V \ /

: ey
\ SINCLAIR MATRICES {[S] — |: XX | < XY :|}
SYX SYY =)

\_
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-30dB -15dB 0dB
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Scattering Polarimetry &&

55
o R
R

|HH| |HV|
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Sinclair Matrix

// POLARIMETRIC DESCRIPTORS

[S] SINCLAIR Matrix

DS
[S]= |:SHH SHv:|
VH | YW
TRANSMITTER: H&V k Target Vector
RECEIVERS: H&V B

[T] 3x3 COHERENCY Matrix
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Coherency Matrix

MONOSTATIC CASE
PAULI SCATTERING VECTOR K
1 T
K=TZ[SHH+SW S ™ Sw 28Hv]
& COHERENCY MATRIX [T] -

2A, C-jD H+jG
[T]=k-k' =|C+jD B,+B E+jF
H-jG E-jF B,-B

\ HERMITIAN MATRIX - RANK 1 /

A0, BO+B, BO-B : HUYNEN TARGET GENERATORS

[T] Is closer related to Physical and Geometrical Properties of the Scattering
Process and thus allows a better and direct physical mterretatlon
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Target Generators

PHYSICAL INTERPRETATION

SINGLE BOUNCE DOUBLE BOUNCE VOLUME

SCATTERING SCATTERING SCATTERING
(ROUGH SURFACE)
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© Google Earth |HH+VV| |HV | |HH-VV|
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. SAR

x +
i Pollarimneiiry

* .
Interierometry

((L@@IHJmJS‘)A\R{))




Pol-InSAR

~

INTERFEROMETRIC

J

Ground range YY

ShH, + Swy,
K> =75 SHH, = Sw,
25y,

|
K, POLARIMETRIC
i
|
1

] a ;
‘ “R \ 4,"“?’*}' '
Ve
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Pol-InSAR

4 )
K, POLARIMETRIC
k= INTERFEROMETRIC

TARGET VECTOR
G J

3 - ; e 22)
keka™) (ki )| [ (L) (2]
[red=(k-k")=| ™ [([2]) (D

\ POLARIMETRIC INTERFEROMETRIC COHERENCY MATRIX (6x6)

.

<[T1 ]> HERMITIAN POLARIMETRIC COHERENCY MATRIX (3x3)
<[T ]> HERMITIAN POLARIMETRIC COHERENCY MATRIX (3x3)

[012] NON HERMITIAN POLARIMETRIC INTER-COHERENCY MATRIX (3x3)
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Pol-InSAR

T* T*
POLSAR IMAGES |, =w; -K; and |, =w, -k,

With: (V_Vl ,V_Vz)complex Unitary Vectors

!

e elaa
L (0a00) w1 s ), [T, s

& COMPLEX POLARIMETRIC INTERFEROMETRIC COHERENCE s

e )

y(Wy,W, )=
V!

arg (}/) INTERFEROMETRIC PHASE

‘}" CROSS-CORRELATION COEFFICIENT
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Pol-InSAR

ifw,=w, = y=y. fw, 2W, = ¥=¥nr ¥eoL

10_14 STPLSINUCTI. CULD | UHIVEIDILY UNLTILEDLTT [FUIHILEU INYUoLn
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Pol-InSAR Coherence Spectrum{=esa

oAb . ",. ’
: o
> T o

- ‘S« ’Q{l R

7(HH-VV )1—(HH;W )

..}/(HH+W )1—(HH+W52
1 i1 ] 1 0|
1

1
——=| 0 W, =w,=| 0 W =w,=—|1
2 e Se oy

W, =W, =

'f Wi=Wy = ¥V=Vnr Ifw, #2W, = 7=¥nr VoL
10—14 Scprcinuc: CULD | UHIVEISILY UINLTILESLET | UIILEY INHYUOIT x
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Pol-InSAR Coherence Spectrum{:

oy (wep Wy
L) \/<V_V1[T1]V_VI*><V_V2[T2]v_v2*>

& COMPLEX POLARIMETRIC INTERFEROMETRIC COHERENCE )

!

QUESTION: WHICH POLARISATION COMBINATION LEADS TO THE
MAXIMUM POSSIBLE INTERFEROMETRIC COHERENCE ?

!

KPOLARII\/IETRIC INTERFEROMETRIC COHERENCE\
OPTIMISATION PROCEDURE

\_ S.R CLOUDE - K. PAPATHANASSIOU (1999) o)

eSd
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Pol-InSAR Coherence Spectrum{=esa

KPOLARII\/IETRIC INTERFEROMETRIC COHERENCE\
OPTIMISATION PROCEDURE

\_ S.R CLOUDE - K. PAPATHANASSIOU (1999) Y

e (1,15 ] <w1[012]wz*>
J<|1II><I2IZ> \/<W1[T1]WI*><W2[T2]LVZ*>

|

Optimum Coherence set (3x3 eigenvector problem) :

y(w;,w

(V_Vopt1 y Wopt, )= arg maXQ?’(V_Vl 1V_V2) ‘2)
Wi ,W»

6\}/(V_V1 1V_V2) ‘2 = 6\}/(V_V1 1V_V2) ‘2 =0

oW, oW,
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Pol-InSAR Coherence Spectrum{=esa

KPOLARII\/IETRIC INTERFEROMETRIC COHERENCE\
OPTIMISATION PROCEDURE

\_ S.R CLOUDE - K. PAPATHANASSIOU (1999) Y

a‘}’(V_Vl 1W2) ‘2 _ 5‘}’(\/_\/1 1V_V2) ‘2 =0
oW, l oW

[Tl] 1['le] [TZ] [‘le ]T Woptl ‘7 opt‘ ~=opt;

[r.I [, ] [T [QIZ]Woptz ‘yopt‘ Wopt,

l

3 Real Eigenvalues (Optimum Coherence Values) : Yopt, = Yopt, = Yopt, =0

3 Pairs of Eigenvectors (Optimum Scattering Mechanisms) :

{WOPtl 1 W0pt2 1 }’ {—Optl 2 ’W0pt2 2 }’ {—Optl 3 ’W0pt2 3}
<
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Pol-InSAR Coherence Spectrum{:esa

PHYSICAL INTERPRETATION OF POLARIMETRIC
INTERFEROMETRIC COHERENCES OPTIMISATION ALGORITHM

HH+VV
@)
HH-VV
@)
O
s 2HV
= }/Xl-XZ M
ON©;

INA PERFECT WORLD

10—14 September 2018 | University of Leicester | United Kingdom

© E. Pottier — 2018



{ \\\\\k

Pol-InSAR Coherence Spectrum{:

eSd

PHYSICAL INTERPRETATION OF POLARIMETRIC

INTERFEROMETRIC COHERENCES OPTIMISATION ALGQRITHM

HH+VV ?
HH-VV
@)
f
2HV

IN A REAL WORLD
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Pol-InSAR Coherence Spectrum{:

eSd

PHYSICAL INTERPRETATION OF POLARIMETRIC

INTERFEROMETRIC COHERENCES OPTIMISATION ALGOQRITHM

{V_V11,V_V21}

{V_V12 ,V_sz}

S

{V_V13 ,V_V23}

IN AN OPTIMISED WORLD
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Pol-InSAR Coherence Spectrum{=

Ve
l !

{V_V11 : V_V21} {V_V12 y W } {V_V13 y W3 }
Optimum coherences spectrum (7opt1’}/opt2 ’}/optB)

Independent of the radar polarization basis
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Forest height estimation {cesa

Importance: Key parameter for forest management worldwide

Height as a product itself
* Phase of stand development
» Spatial height distribution (risk assessment, diversity)
 Management with esthetical protection goals
» Change of topography by forests (water runoff, skidding, roads)

Height as an input parameter
* Wood volume / forest biomass
« Site Index (with age and species information)

Height and density determine the microclimate and ecological processes within
the forest

Height is dependent on and therefore reflects the site conditions

Courtesy of #
DLR
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Forest height estimation

Which Height does POLInSAR measure ? H100 (forest standard)

* Most characteristic height in a forest
* Formed by the crown of the trees exposed to the sun light
» Typically concentrate most of the forest biomass

« Simple to measure: it is the intuitive forest height, measurement of few
representative tree heights

 Sufficient for a good estimation

Forest Stand Type |
Homogeneous stands

Forest Stand Type Il
- Very heterogeneously structured stands
\ ¥ Large height variations on short distance
W Typical for natural uneven-aged forest
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Forest height estimation

MODELING AND PARAMETER ESTIMATION

—

Modeling Parameter Estimation
Establishment of scattering model [M] Inversion of the scattering model [M]
Radar _[M] Scatterer Scatterer _[MT* Radar
Observables | Parameters Parameters | Observables

Requirements on [M]: 1. Correctness in Interpretation and prediction of the observables
2. Simplicity in terms of parameters in order to be determined

#TRAINING COURSE ON LAND REMOTE SENSING

[H]R:] University of Leicester | United Kingdom
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Forest height estimation {zesa

RVOG COHERENCE MODEL

! (Random Volume Over Ground)

Modeling Parameter Estimation
AZ AZ
\\\\ : \ \ hv
QOOOO 00O O OOOOOQOOO
0o O\o O 0\ o 00 O 0 g O O
O O\O O O O O
O 00O O OO 0 O 0 ; O 000 O O OO :

Simplifications : Only 2 significant mechanisms Low density medium = No refraction

> 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10—14 September 2018 | University of Leicester | United Kingdom .
© E. Pottier - 2018



IETR In-SAR data statistics

Interferometric coherence Y : decorrelation sources

'Y fixed by a set of external sources :

System :
* Thermal or system noise : SAR amplifiers, ADC, antennas ...

* Quantization noise

» Geometric decorrelation : Baseline, squint ...
« Azimuth : Doppler decorrelation ...

« Ambiguities ...

* Processing errors : coregistration, interpolation ...

Environment :
 Random media : Surface & Volumetric media e.g. forest ...

» Temporal variations : wind, flowing or plowing, building ..

[7’ VSNR ° 7quant Yamb ygeo Var* 7proc 7surf (7’vo|>7temp]
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Forest height estimation d:esa

RVOG COHERENCE MODEL
(Random Volume Over Ground)

hz=z0+hv

o R ' 2=2,

2 Layer Combined Surface and random Volume Scattering

o it Vvol +M(w)

7:(W)= 1+ m(w)

Surface Scattering Contribution iy

m{w)= - TR
(—) Volume Scattering Contribution

B. Treuhaft (2000), S.R. Cloude (2003)

POLARIZATION DEPENDENT
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Forest height estimation dcesa

W, Polarisation Channel corresponding to Volume Scattering

—elty

Yz (V—VV)H Yvol 2HV

m—0

W, Polarisation Channel corresponding to Surface Scattering

=ej¢o 7vo| +m(V—V)

i%
L+m(w) —2°

Mi—>e0 HH-VV

72(Ws)
¥

© E. Pottier — 2018
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Forest height estimation

y.(w,)=e7 | | 1o del]‘l[}/z (Wv)]

i, Yvor TM(W)r
W) m
4 Parameters 4 Observables
G %7
'
INVERSION
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Forest height estimation

DEM Differencing Algorithm

72(V—Vv)=ej¢077vol

It = }/Z(V—VV)=72(V—VS)7V0I z?’z(V_VS)a' ejkzhv
72(V—Vs)He

!

ar [72(\’—Vv):|_ar [72(\’—\/3)]
g ; g

Z

> 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10—14 September 2018 | Universlity of Leicester | United Kingdom -
Ty © E. Pottier - 2018



Forest height estimation

Coherence Amplitude Inversion Procedure

Assumption : Only volume scattering is present

yz(V—Vv)=ej¢07vol = ‘yz(v—vvx=‘7vol‘

!

7, (w, )~ (epld _1J

Py

argmin
d

1-D search procedure with Look-Up-Table (LUT)

> 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10—14 September 2018 | Universlity of Leicester | United Kingdom

© E. Pottier — 2018



Forest height estimation

Topographic Phase Estimation

7. (wy)=e"7, \ . _ =
Z(WV)_ej¢o %\(/)ol +m(v_v)> Ly el — 7z(V_Vs) 725\/_\/\/)(1 L)
7= )

with - L=—"s) l

1+m(w,)
[ & =gl ()= (n X1- L]
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Forest height estimation

Estimation of L :

Jid _ 72 (Ws)= 7, (wy (1-L)
L

|

yz(V—VS)_yz(V—VV)(l_ L)
L

2
=1 = [AL2+BL+C=O]

With : A= ‘}’Z(V_VV)(Z -1 B= 29?{(72(V_Vs)—YZ(V_VV))7:(WS)}
C =‘7’z(v—vs)_7z(V—VV)(2

_B-+/B2—4AC
—ns [L= 2A J
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Forest height estimation

Topographic Phase Estimation

A=‘72(V—Vv)‘2_1
{7 (wo). 7, (w,)} = B = 2%y, ()7, (w, ) (ws))

C =‘7'2(V—Vs)_7/z(v—vv)(2

l

B BEAAC
- 2A

l

| & =arsly (). (n X1-L)]

L
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Forest height estimation

deesa

Random Vegetation Over Ground (RVoG) inversion procedure

argmln
d &,

Py

Expensive 2-D search procedure

L el (w )= | 2sine™(lr,(w,) )

JA
A\ b FASIN J
p<

0.3<e<0.5

Y8
Suitable l
Compromise

DEM Differencing Coherence Amplitude
Inversion Inversion
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Input b azter Directan

@ esa |C:/My_Data_Directon/PolinSAR_PolSARpraSIM_forest/master

Input Slave Directory

|I::£M5J_Data_D irectony/Pol-nSAR_PolSARproSIk_forest/slave_FER

? POLSARPRO V 5'2 Output Master-Slave Directomy

The Polarimetric SAR Data Processing and Educational Tool |I::.I’M_I,J_Data_Dilectnl_l,l.f'F'nI-InS.t’-‘n.F!_F'DIS.-’-‘«FHprnSIM_fnlesta’master_slave_FEH

\\j@ L R YRy _ N WitRow | 1 EndRow | 301 ItCol | 1
N Rk \ p /IR A 7 % Complex Coherences
. 4 Linear Circular Pauli Optimal
v HH v LL W HH +% [ HY +WH W SWD [ L MinMax
v Hy v LR W HH - [ HH.MYe [ PO [ L Dif
[ W [ RR [ MR

http://earth.esa.int/polsarpro Mumnerical Radius Lo binkd ax Loz Coift
Thetal | Theta3 | Hum Faints Hum Faints

European Space Agency Box Car Window ¥ BMP

Row I 7 Cal I 7 [ Averaging Row Cal
Fun E E:-titl

Complex Coherence Estimation
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Input Master - Slave Directol -

@ esa |C:HM9_D ata_Directony/PoHnSAR_PolSARpraSIk_forest/master_zslave_FER

Output Master - Slave Directary

IE:;"M}I_D ata_Directony/PoHnSAR_PolSAaRpraoSik_forest/master_slawe FER

3 POLSARPRO V. 5.2 InitFow | 1 EndFow am nitCol [ 1

End Cal
The Polarimetric SAR Data Processing and Educational Tool " : |
pdate List

[~ Polarimetric Phase Centre Height E stimation Falarimetric Channel  |HH j
X v DEM Differencing Algarithnm

¥ Coherence Amplitude Irversion Procedure

[¥ Ground Phase Estimation and RWOG Inversion Procedure
Median Window Size I 21 ﬂ ﬂ Weighting Coherence Fraction Factor I 04

Top Phase Centre |HY R4 Ground Phase Centre  |HH -4

http://earth.esa.int/polsarpro 20 Kz File

|E:.-’M_I,J_D ata_Directony/PolnSaR_PolSAR proSIM_forest/slave/kz bin

European Space Agency Fiun Hist | ﬂ

Height estimation
Inversion procedures

> 8th ADVANCED TRAINING COURSE ON LAND REMOTE SENSING

10—14 September 2018 | University of Leicester | United Kingdom

© E. Pottier — 2018






