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Surface Parameter Estimation:
Basics and Advanced Concepts

Irena Hajnsek € forth Observationand

Institute of Environmental Engineering, ETH Zurich
Microwaves and Radar Institute, DLR Oberpfaffenhofen
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Overview

Part I: Theory and basics

=7 Introduction into SAR polarimetric
observables

—- Decomposition techniques
7 Introduction into material properties of soil
7 Model description and inversion strategy

Part Il: Exercises with L-band airborne data
-7 Read the data

7 Speckle filtering

7 Oh, Dubois and X-Bragg inversion
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Motivation of Radar Remote Sensing

7 Independent from Weather

=7 Data acquisition during cloud cover, rain, ...

7 Radar is compigaaeatasiy to optics

1994H8huttiqrRadar anmwggf Infra-Rec
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What does the Radar measure ?

Radar reflectivity (backscattered signal) of the target as a function of position.

/_
2

w SN
Wt %

radar transmits a pulse
(travelling velocity is equal to velocity of light)

some of the energy in the radar pulse is reflected . & x .E’

L
back towards the radar. A
This is what the radar measures. @
It is known as radar backscatter G \ /
(sigma nought or sigma zero). — /

i DLR




What does the Radar measure ?

Normalized radar cross-section (backscattering coefficient) is given by:

O, (dB) = 10. Log,, (energy ratio)

whereby
received energy by the sensor
energy reflected in an isotropic way”

energy ratio =

i.e.

The backscattered coefficient can be a positive number if there is a focusing of
backscattered energy towards the radar \

or

The backscattered coefficient can be a negative number if there is a focusing of
backscattered energy way from the radar (e.g. smooth surface)
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Backscattering Coefficient o,

Levels of Radar backscatter

Very high backscatter (above -5 dB)

High backscatter (-10 dB to 0 dB)

Moderate backscatter (-20 to -10 dB)

Low backscatter (below -20 dB)

Typical scenario

—~ man-made objects (urban)

NN N NN

R A BN AR BN A

terrain slopes towards radar
very rough surface
radar looking very steep

rough surface
dense vegetation (forest)

medium level of vegetation
agricultural crops
moderately rough surfaces

smooth surface

calm water

road

very dry terrain (sand)




Commonly Used Frequency Bands

Frequency band Frequency range

Application examples

VHF 300 KHz - 300 MHz foliage/ground penetration, biomass
P-Band 300 MHz - 1 GHz soil moisture, biomass, penetration
L-Band 1GHz - 2GHz agriculture, forestry, soil moisture
C-Band 4GHz - 8GHz ocean, agriculture

X-Band 8GHz - 12GHz agriculture, ocean, high resolution radar
Ku-Band 14GHz - 18 GHz glaciology (snow cover mapping)
Ka-Band 27 GHz - 47 GHz high resolution radar
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Environmental Sensing from Air and Space

Airborne measurements

Highly flexible operation
Coverage of dedicated areas
Experimental configuration
Sensor specific data formats
Short re-visit times

Spaceborne measurements
Highly regular observation
Wide area coverage

Highly operational & reliable
Standard product delivery
Long term observations
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Single Pol (Channel) SAR
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Classification/Segmentation (Texture);
g Change detection (Multi temp. analysis);
+= Glacier velocities (Feature tracking);
%’_ Mapping (Feature extraction/Bordering );
Q. Ocean wave/Wind mapping;

Coherent scatterers (CSs).

Observation Space
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Observation Space




Polarimetric SAR

St Shy

S]=
Svi Sw

Soil moisture/roughness estimation;
Wettland/Veg. characterisation/mapping;
Snow & Ice mapping (type classification);
Ship & QOil spill detection;
Classification/Segmentation (Pol based).

Observation Space
Applications




The Polarimetric Scattering Problem

esentat

Scatterer
Transforms the incident

into the scattered wave

2x2 Complex Scattering Matrix

r

exp(ixr) {SHH(I_’)
Syu(T)

/i o .

zapping of the 2-dim incident vector E. (7) into the 2-dim s
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The Polarimetric Scattering Problem

Scatterer
Transforms the Incident

into the scattered wave

2x2 Complex Scattering Matrix

exp(ixr) SHH(’_;) Suy(T)
Syu(7) Sy (T)

r

zapping of the 2-dim incident vectorE,iv(?) into the 2-dim scattered vectorE,fv(?)
I.. _.: r ¥ __'.‘; " e : Y 1 3, Sy . o
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Coherent Scattering Matrix

... also known as the Jones Matrix in the bistatic and Sinclair Matrix in the monostatic case

{ EZ} _ exp(ixr) { S, SHV}{ EZ} Complex Scattering Amplitudes:
r

E’ Sy Sy | E S,, =f(Frequency,Scattering Geometry)

[S] is independent on the polarisation of the incident wave !!!

and depends only on the physical and geometrical properties of the scatterer

Total Scattered Power: TP = Span ([S]) = Trace([S1[ST) =S, " +1Su " +1S,,, | +1S,, [

[S]

r

_ eXp(i Kr ) P SHH | exp(i ¢HH) | SHV | exp(i ¢HV):|
| SVH | eXp(i¢VH) | SVV | exp(i¢VV)

[5]= exp(xr)expld,,) P S, | €XPi(Brs — Br) | S,y | €XPi(HBy — ¢W)}
| SVH | eXpi(¢VH o ¢VV) | SVV |

. S — —
~ N

Absolute Phase  Seven Parameters: 4 Amplitudes & 3 Phases

r
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Scattering
Amplitude
Images

Azimuth

Range

E-SAR / Test Site: Oberpfafenhoffen £



Backscattering (FSA & BSA)

In the case of monostatic backscattering from reciprocal scatterers:

Reciprocity Theorem SE = § = g8 ( SPA==S>"= S5)

\ 4

(5]= |:SHH S;g(} S IS]= expixr)exp(ig,,) {I S |1 €xpi(@yy — D) | Syy | €XPI(Dyy — ¢VV)}

SXX SVV r | SXX | eXpl(¢XX B ¢VV) | SVV |
. Absolute Phase  Five Parameters: 3 Amplitudes & 2 Phases
Factor

The scattering problem can be addressed in the 3-dim complex space:

3-dim Lexicographic (L) and Pauli (P) Scattering Vectors:

SHH B = I SHH+SVV ] B .
S S+
Go=| 5| mp | vas, o L| SuS g
4L SXX 3L XX 4p _TZ 29 3P _TZ HH ™ vy
XX
S | SVV _ 0 | ZSXX _
L v

Note: The factor \/5 is required to keep the vector norm of k3L invariant
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Partial Scatterers

Deterministic Scatterers Partial Scatterers

Point Scatterers Scatterers with Space or Time Variability
» Change the polarisation state of the wave » Change the polarisation state of the wave
* Do not change the degree of polarisation and also change the degree of polarisation
Monochromatic Monochromatic Depolarisation
Incident Wave Scattered Wave described by second order statistics
Completely described by [S] Cannot be described by a single [S]

i DLR

I
l. o il Lj}j"i |
e ﬂ




Covariance & Coherency Matrices in Backscattering

Lexicographic Scattering Vector: » Covariance Matrix [C]:
Ko =1Sm 2S0 SuT [Csli=<ky k5 >

i 48w F>  N2<Su,Si > <SuSw > _
[Cl=|V2<S,Si> 248> 2<S,8), >
<SuSin> N2<SuSy > dSu P>

Pauli Scattering Vector: » Coherency Matrix [T]:
[T:]=<ksp - K3p >

~ 1
k3P = E [SHH + va SHH - S\/v ZSXX]T

S Sl (S S S S) > 2<(St SIS |
[T3]=| <(Suy =SS +Sw) > 4 (SHH_S\/V)|2> 2<(Syy—Sw)Suv >
2<S(Suy+Sw) > 2<8(Suy—Sw) > 448, >

[C,]and [1}] are by definition 3x3 hermitian positive semi-definite matrices &
contain in general 9 independent parameters
i DLR




Scattering Polarimetry

INTERPRETATION OF SCATTERING
MECHANISMS

* Directly from the Scattering Matrix
* Model based




Interpretation of Scattering Mechanisms

Scattering Matrix: Scattering Vector:
S, S ~ ]
[S] = |: Ht HV:| kp = ﬁ[SHH + SVV Sum — SVV 2Sxx]T
SHV SVV

\ 4

R -
Unitary Representation: € :Wkp
P

] cos&x exp(i ¢1) ] _SHH + SVV_
é = —k, =| sinacos Bexplig,) :«Fi Sy =Sy
B sinsingexis) | V2
| sinasin Bexplid,) | 2S5

Parameterisation of & in terms of five angles: @, 5, ¢,, ¢,, ¢,
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Interpretation of Scattering Mechanisms

Point Reduction Theorem:

phase orientation characteristic
explig,) 0 0 I 0 0 |cosa —sina 0| I
e= 0 expli ¢2) 0 0 cosff —sinf|sinad cosaa O 0
0 0  explig,)| 0 sinf cosp | 0 0 1| 0
B RN " _
Y Y
f [ \ 4
A
o =0° o= 45° o =90°
- : -
> x Isotropic Surface Dipol Isotropic Dihedral
- ol P
i ) Anisotropic Surfaces Anisotropic Dihedrals
Change of Scattering Mechanism:
10 0 (cosda —sinda 0 |
e'=| 0 cosAf -—sindf |e e'=|sinda cosda 0 |
0 sinAB  cosAf 0 0 1
DLR : "
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Interpretation of Scattering Mechanisms

10 0 Jcosa —sina O] I [ 1 ; (S, +S, |
e'=| 0 cosp —smpf|sina cosa Of 0 where e=| 0 :W Su =Sy
| 0 sinf cosB | 0 0 1] 0 | 0 | A

I 0 0] o0 1 0| 1 0

2=90° and B=0° » e=lo 1 ol 1 o0 01| 0|=]|1 \
Dihedral 0 0 1| 0 0 1 0 0
Scatterer

a=45° and B=0° » e=0 I 0|IN2 /N2 0 | 0 |=| /N2

H-Dipol 0 0 1| 0 0 1 0 0
Scatterer

a=45° and B=180°» e'=|0 -1 0|UN2 IIN2 o) o |=|-1~2 ‘
V-Dipol o o -1l o o 1] o
Scatterer _ AL R I
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Scattering Processes: Fresnel Scattering

arnplitude

Y T N A S TR S N F

. . R, O
Scattering Matrix: [S] :{ H Jof _ _
0 RV o 10 20 S0 440 50 B0 70 a1l 0
incidence angle [degres]

Fresnel Reflection Coefficients:

_ cosf—e—sin’ g

_ £cosf—+e—sin g

R, and R
. 12
cosf++e—sin* 6 £C0SO++/ & —sin’ 0
... where ¢ is the dielectric constant of the surface
% . . .- L f @f Y _’_-;'_r}-
DLR Y o SRR RS



Scattering Processes: Bragg Scattering

Scattering Matrix: [S]:|:RH 0}
0 R,

Bragg Scattering Coefficients:

_ cosf—+e-sin o

R

cosf++&—sin’ 6

... where ¢ is the dielectric constant of the surface

arnplitude

0.0

o 10 20 S0 440 50 B0 70 a1l 0
incidence angle [degres]

_(e- 1[sirt 8 —s(1+sin’ 0)]

£C0SO++/e—Sint @

and R,

’ W gt L5t
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Scattering Processes: Dihedral Scattering

1.0

Trunk (T 0.8 : :

0.6

umplltude
o
T

SO|I S

2.0
Scattering Matrix:

20 44 50 G0
incidence angle [degres]

1 o1 o7Rs O 1R, O RR 0
ST P I I Ay
- e 0 R || O

ig
RVT 0 _RVSRVTe
Fresnel Coefficients: CoSO— [z, —Sin? 0 £4CO80—,/&s —SiN® 0
Ry = — and Rys =
cos O+ /& —sin“ 6

VS .
£5COSO+,/es —Ssin’ @
~ c0s(90-0) /&, —sin*(90—0)

£5C08(90—0)— \/ g5 —siN’(90-0)
cos(90—0)+\/ —sin*(90 - and R =
& —sin“(90-0)

70 S0

i DLR
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Dihedral vs Volume Scattering (L- /P-Band E-SAR - Kryklan/Sweden)
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Scattering Processes: Volume Scattering

AR

Random Volume

Eap)=R@IRGIROIE 4 [S]:{Z H > Felab

I e (<a<illr

Rotation about x-axis
Coherency Matrix: [T] :<k(a, L, )/)-l?*(a, L, )/)> e (< pB<rm Rotation about y-axis

e (0<y<2r Rotation about z-axis

cosa sina 0 cosff 0 —sinf cosy siny 0
[R,(a)]:=| —sina cosa 0 [R,(B)]:= 1 0 [R,(y)]:=| —siny cosy 0

0 0 1 sinf 0 cosf 0 0 1

DLR




Scattering Processes: Volume Scattering

t Principal Polarisability Matrix:
p, 0 0] v
Pl=| 0 0 with .=
7] ; ’(’)y 4n(L +1/(e — 1))
i P:
, 3 LI
where V=Z7Z' 3 3 7 is the particle volume and
( (,1,1) /8 I
= ds I S _
i JZ(S+IX/2)3/2(S+ly/2)3/2(s+lz/2)3/2 Lx'Ly'LZ lx ly lZ L +L +L =
0
Particle Anisotropy: Particle Shape Ratio:
1
I=LX(8r_])+I= mé, +2 mzzgzl—y 0<m<oo
YU L(e-D+1 m+e +1 L I

m>1 oblate spheroids

m< ] prolate spheroids

i DLR




Scattering Processes: Volume Scattering

[P)(e, B.7) =[Ry ()] [R,(B)] [R(N] [P [R,(T [R(B] [R, ()]

\ 4

Coherency Matrix: [T] :IJI[P](a,ﬂ,y) p(a) p(B) p(y) da dp dy
a py

where p(@), p(f), p(¥) are the pdfs for the corresponding angle distributions

Special Case: y P(a) 2 P(B) 2 P(7)
Random Volume

' - T -/ 2 /2 S T

1 0 0
_ 2
[T]=al0 b 0| where b= (4. =1) 5 0<b<0.5
0 0 b 22+6A4,+743)




Scattering Processes:
Volume Scattering

Prolate Particles

=

H/a Loci for varying particle

shape and width of distribution

I
_
a
n
o

Q.0 0.z IC'!4I I IC'.IE - ICI.IB - 1.0 sphere
randomness oriented volume random volume

g /; 000
DLR )




Decomposition Theorems

[S] [T] [C]
COHERENT AZIMUTHAL SYMMETRY
DECOMPOSITION
EIGENVECTORS BASED MODEL BASED
E. KROGAGER DECOMPOSITION DECOMPOSITION
(1990) | I
W.L. CAMERON S.R. CLOUDE A.J. FREEMAN
(1990) (1985) (1992)
I . 4 ¥
EIGENVECTORS / EIGENVALUES ANALYSIS
[K] W.A. HOLM &
(1988) MODEL BASED DECOMPOSITION
TARGET
DICHOTOMY J.J. VAN ZYL
(1992)
J.R. HUYNEN EIGENVECTORS / EIGENVALUES ANALYSIS
(1970) ENTROPY / ANISOTROPY
R.M. BARNES S.R. CLOUDE - E. POTTIER
(1988) (1996-1997)
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Decomposition Theorems

 Pauli Matrix Decomp.
* Model Based Decomp.

 Eigenvector Decomp.




Pauli Matrices Decomposition

S s . .
S]=| o On :a+P Cld=a1 O+b1 0+CO 1+d9 I
Sy, S, | |c+id a-b 0 1 0 -1 1 0 i 0

I 0]
e [S ]= a{O ; Single Scattering: S =Syy
(] 0] _ _
o [S,]=b 0 Dihedral Scattering: Sum =Sy

1
e [S]=c 0} Dihedral Scattering ( ... rotated by /2 about the LOS )

0 —i
o [S,] :d{ } Transforms all polarisation states into their orthogonal states
0 (disappears in backscattering)




SIR-C / Test Site: Kudara,Russia

Scattering Amplitude Images




SIR-C / Test Site: Kudara,Russia

Scattering Amplitude Images




SIR-C / Test Site: Kudara,Russia

Pauli Images




Decomposition Theorems

 Pauli Matrice Decomp.
» Eigenvector Decomp.

* Model Based Decomp.




Eigenvector Decomposition

Coherence Matrix: [T.]=<k,, k., >

Diagonalisation: [7,]1=[U,1[A1[U,]"

@: iﬁ’z(é ’ éz+) - /?’](él 'é1+) +22(é2 éj) +ﬂ’3(é3 é;)
15;1 15,1 [S;]

° 3real positive eigenvalues e 3 orthonormal eigenvectors
ell eIZ e]3
A2 >0,20 g =le,| &=|e,| &-=|e,




Scattering Entropy / Anisotropy

Coherency Matrix Diagonalisation:

[T,]= Zﬂ(" eNAA)E )LD @, &) KA)E, &) =T 1+[T1+[T; ]

\ 4

3 P A
i : H=) Plog. P with: ;= ’
Scattering Entropy: ; i 108; [ A+ + A,
o H=0 — Totally Polarised Scatterer
0< H <] where:
o H=1 - Totally Unpolarised Scatterer
A -4, P-P
. . . A= 2 3 "2 3
Scattering Anisotropy: AL+1, P+P
° A4=0 — 2 Equal Secondary Scattering Processes
0< A<] where:

o A=1 —  Only 1 Secondary Scatterlng Process

i DLR




SIR-C / Test Site: Kudara,Russia

Scattering Entropy Images
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Kudara,Russ

SIR-C / Test Site
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Mean Scattering Parameters: Eigenvector

Coherency Matrix Diagonalisation: [T,]1=4,(€,-€ )+ 4, (E,-€ )+ (¢, &)
cos(@,)exp(i7,)
Eigenvectors€, =| sin(@,)cos(S,)exp(o;) Appearance Probabili’[ies:B::/1 /1’ p
+A,+
 sin(@,)sin(8 ) expe,) | T
Mean a-Angle: a=P o, +P, a,+P, a )

Mean Scattering Mechanism

Mean B-Angle: pB=F p,+P B,+P B

cos(a)exp(y)

Mean y-Angle: y=P y,+P, y,+P y, > » é=| sin(@)cos(f)exp(o)
| sin(a)sin(B)exp(€) |

Mean 5-Angle: 0=P 6,+P, 6,+P, 9,

Mean e-Angle: e=P ¢+P ¢ +P ¢ )

i DLR




SIR-C / Test Site: Kudara,Russia
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2D H-a Angle Plane

Low Entropy Dipol
Scattering

Alpha (a)

Low Entropy Multiple
Scattering

Medium Entropy
Multiple

Scattering High Esré’gf[)tr;)r/irl]\/lgultiple

Low Entropy Surface
Scattering

edium Entropy Dipol

Scattering

Medium Entropy Domina

0.2 0.4

Surface Scattering
0.6 0.8 1

Entropy (H)




Decomposition Theorems

 Pauli Matrice Decomp.
 Eigenvector Decomp.

* Model Based Decomp.




Freeman 3 Component Decomposition

Vegetation Scattering : Bragg-Scattering + Dihedral Scattering + Random Volume of Dipols

[T1=[Ts]1+[T,]1+[7,]

A & —a 0] 2.0 0
where [L]=f| B 1 0 [T]=f,| — I 0 and [7,1=f, 0 1 0
i 0 0 0_ 0 0 0 0 0 1 |
— _
—~—
f B2+ +2f, fB-fa O] N
uations
[T1=| fB-fa  fo+f,+f, O g
0 0 f, 5 Unknowns
e Re(HHVV)-fv/3>0 — Single bounce is dominant — alpha =1
e Re(HHVV)-fv/3<0Q0 — Double bounce is dominant —— beta =1
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Freeman 2 Component Decomposition

1,
]-1*

2

0

[T]=[Tg;p] [T,

Scattering Power Components:

Distinction between dihedral and

surface of the ground component:

Volume shape parameter p of

a randomly oriented volume:

i DLR

T, 0 af a« 0] [l+p 0 0
T, O0|=fa 1 Ol+f| O 1-p O
0 T 0 0 0 0 0 I-p|
P; =fo(H+|al) R, =1,(3-p)

lajl<1  dihedral

la|21  surface

p=1/3

dipole sphere




Summary: Polarimetric Parameters / Scattering Matrix

[S]:|:SHH S>o<:| » [S]:eXp(iKr)eXp(i%v)[lsHH|expi(¢HH_%v) |3>o<|eXpi((0>o(—¢\,V)}

S)O( r | Sy | €XPI(P0 — 1) IS,y |
Absolute Phase Five Parameters: 3 Amplitudes & 2 Phases

Factor

- Scattring Amplitudes 50 45 S | 0% =SSy 0% =SS Iy

o - 2 2 2
Total Power TPHS, "+ |Sy "+ Sy |
. : i 0 0 0 0 0 0 0
Amplitude Ratios ooy, owloy, oy l(oy +o,)
* Pol Phase Differences Oy = Py — By
- Helicity Hel = S, | —|Sgx |

i DLR




Summary: Second Order Polarimetric Parameters

- Pauli Scat. Vector Lexico. Scat. Vector
1
_ A L Azﬁ(SI_H-i-S/V) A:= SHH
k= B » [X,]:=<k, -k >= 1
C B=T(Su=Sy) B J2S,,
e C= 28, C= S,
Nine Parameters: 3 Real & 3 Complex Elements
< SuSw > [< S.. S >

* Correlation Coefficients = = - ViRrR = ; ;
4SS bISA S > J<ISLS) < SeeSig >

* Scattering Entropy H = ig log, P P = 4

i A+ A+ 4,
« Scattering Anisotropy A= Hh=4 _FK-hK

htl BtH

* Polarimetric Alpha Angle ¢ =P, o, +P, o, +P, o,

* Polarimetric BetaAngle 3_p g.p g +P, B

DLR / 4 &
% o




Applications of Radar Polarimetry

Agriculture/Land-Use

Crop Classification/Moisture Content Estimation
Urban Area mapping
Urban Topography for Mobileomms

Forestry

Biomass Estimation: (Saturates For High Biomass)

C-band saturation at 50 tons/hectare
L-band saturation at 100 tons/hectare
P band saturation at 200 tons/hectare

Deforestation

Forest Canopy Height Estimation
Tree Species Discrimination
Forest Re-growth Monitoring

Geéology

Playas :Smooth Natural Surfaces(rms = 1cm)
Alluvial fans, Sand Dunes, Moraines
Sedimentary Rock formations

Lava Flows (extreme in surface roughness)
Weathering Erosion Studies

Surface Roughness Estimates

i DLR

Hydrology

Flood mapping/Forest Inundation
Snow Hydrology
Soil Moisture

Sea Ice/Oceanography

Ice Roughness/Thickness Studies
Polar Ice Cap Studies
Extra-Terrestrial Ice/Water Studies

Meteorology

Rain rate estimation
Water/Ice particle studies
Severe Storm/Flood warning

Topography/Cartography

Direct Surface Slope Estimation
Accurate DEM Generation
Difference of DEMS for Vegetation mapping

Humanitarian Demining

Surface Penetrating Radar (SPR)
SAR for Mine Field Detection




Soil Moisture Estimation

» Surface characterisation
 mv estimation over bare surface

* mv estimation under the vegetation




Surface Characterisation %

VOLUMETRIC MOISTURE CONTENT

The Backscattered signal depends on the
m,, [vol. %] moisture, and roughness of the surface.
T —

SURFACE ROUGHNESS

Single channel SAR cannot resolve

unambiguously the bare surface scattering
l problem.

rms - height autocorrelation length
o [cm] I[cm]

IWWWWWNWW\W\




Models for the Estimation of Bare Surface

THEORETICAL
MODELS

Geometrical-Optic 1963
Physical-Optic 1963

Small Perturbation 1988

Integral Equation 1992

Modeling and Inversion

s very complex
* inversion is
restricted
possible

Shi Model
1997

EMPIRICAL
EXTENSIONS

Oh Model 1992
Dubois Model 1995

inversion with dual
pol observables
based on regressions
coefficients of a
specific test site

Time

i DLR

MODEL BASED
EXTENSIONS

X-Bragg 1999

simple model
extension

based on SPM (1st
order) with an
roughness extension




Models for the Estimation of Vegetated Surface

THEORETICAL
MODELS

Vegetation Models
(Stiles 2000)

s very complex
scat. models

* inversion is not
possible

Modeling and Inversion

SCATTERING
DECOMPOSITION
APPROACHES

Eigen-Decomposition Optimisation

Model based-Decomposition (physical and numerical)

Hajnsek 2009 Ari 2010
Jagdhuber 2012 Neumann 2010
+ simple canonical scat. « extended scat. models
models * inversion with higher
* inversion possible computation time




Small Perturbation Model #

[S] _ St Shy
Sy S

: RS (e’ ‘c'r) 0 § .
= j2k cos(8)Z Exact solution of Maxwell Equation for s — 0
VH Ow 0 R-(6, ¢)

_cos@ e, —sin"B (g, -1)(sin*6—¢,(14sin°Q)) 47 FT(EXY)

Rs = R =
cosB + /¢, —sin’ @ " (g, cOSO + /& —sin*B) 8 = Incidence angle and k = 211/A
Roughness: VMWl %:& is independent of
Depolarises the incident wave introducing Sw o Ry roughness

(depolarised) HV and decreasing polarimetric

coherence. Polarimetry provides an observation
Ambiguity: Terrain Slopes introduce also a HV space that allows to separate
component but this.is co-related to HH and VV. roughness from moisture effects.

Moisture content:: IIIIINNEGE

Effects the scattering amplitude of all
polarisations. For “smooth” (with respect to
wavelength) surfaces the co-polarimetric ratio
ess
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v [vol. %],

estimated m
S

Iy
o
.

Small Perturbation Model (Bragg-Model)

® Weiherbach 0-4 cm 1 - ¢elbe0-4
o Weiherbach 4-8 cm ¢ & oelbe4-8
¢ Elbe 0-4 cm o weih0-4
0{ | oEbe4-8cm 0.8 * & Oweih4-8
0.6 - . o %0 o
= SR 0% ©
0.4 | o O C®p ~ O
2 gpM
AT S ‘<§>$<> <><>
0 T T T T T T 1
0 10 20 3‘0 40 0.0 5.0 10.0 15.0m 2[300| 0/125'0 30.0 35.0 40.0
measured m  [vol. %] Y "
Measured versus estimated volumetric Validity range of the SPM for the ground
moisture content m, [vol. %] using SPM measurements - surface roughness against

volumetric soil moisture
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Semi-Empirical Models

Oh-Model Dubois-Model
Y. Oh, K. Sarabandi and F.T. Ulaby, "An Empirical P. C. Dubois, J. J. van Zyl and J. Engman,
Model and an Inversion Technique for Radar "Measuring Soil Moisture with Imaging Radar", IEEE
Scattering from Bare Soil Surfaces", IEEE Transactions on Geoscience and Remote Sensing,
Transactions on Geoscience and Remote Sensing, vol. 33, no. 4, pp. 915-926, 1995.
vol. 30, no. 2, pp. 370-381, 1992.
Cross-Pol Amplitude Relation Co-Pol Amplitude Relation
L ) 0 275C0S° 6, 1 0ostans . \14 07
o’ 2030 4. op, =102 =21 (kssing)"* 2
p=—y=|1-|—1| € sing
O, T
> S0
o 0 235 CO 046stand - \11 207
_%w _0923.T (1_e-k8) o° =102 2 7@ kssing)"' £
9="0 =% g W sirt @ (
vv

s, : backscattering coefficient for different polarisations
g : incidence angle in radians
e, : real part of the dielectric constant
s : RMS height
k : wavenumber (2p/l)
G , : Fresnel reflectivity of the surface at nadir

i DLR

g : incidence angle in radians
real part of the dielectric constant
s: RMS height
k : wave number (2p/l)
| : wavelength [cm]

e :




Quantitative Estimation of Volumetric Moisture m, [vol %]

Dubois Oh

40 40

¢ 0-4 elbe
35 % ‘ 35 1| ¢ 4-8 elbe
30 | Q @ Q Q 301 ® 0-4 weiherbach
) é g % - 0 4-8 weiherbach
= 25 ] 5 % s = 25
MR R
2 B § § .Q Q Q
£ 15 £ 15 ]
? ¢ 0-4 elbe @ § %%
10 | ©4-8 elbe 10 %%é @ Q
5 | @ 0-4 weiherbach 5 |
0 4-8 weiherbach
0 T T T T T T T 0 T T T T T T T
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
measured mv [vol %]
measured mv [vol %]
04cm 4-8cm corr. 0-4cm 4-8cm corr.
Elbe RMS, ., 14 10 -I- Elbe RMS,,., 7 12 -I-
Weih RMS,,,,, 11 17 0.2/0.4 Weih RMS,_,, 18 25 0.5/0.6
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Quantitative Estimation of Surface Roughness ks

Dubois Oh

estimated ks

1 | 1
0.8 - % % 0.8
0.6 %@ E 0.6 § @ ¢ o % §
£
0.4 1 = 0.4 1
0.2 | % % selbe 0.2 1 eelbe
o weiherbach oweiherbach
0 T T T 0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
measured ks measured ks
ks corr. ks COlIT.
Elbe RMS_,,, 0.24 - Elbe RMS_,,, 0.21 0.6
Weih RMS,,,., 0.19 -0.7 Weih RMS,,,, 0.19 -0.6
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sensor _\J

Surface Parameter @ X-Bragg

Surface scattering model for the estimation of
soil moisture content & surface roughness

Io n

Back Scattering

<_

Bragg Surface

EXtENSION =y X-Bragg Surface

<‘RS + RP‘2> <(RS . Rp XRS +Rp )> 0 C1 C25inc(2ﬂ1) 0
] = {Re+R)Rs-Re))  (Re=Rof)  of | |[T] = |C.rsine@B)  Ci(1+sinc(4) 0
0 0 0 0 0 C,(1-sinc(44))

Advantage: Advantage:

= Simple model with direct relation to soil 7 Integration of a roughness & decorrelation

moisture content term provides natural surface statistics

Disadvantage: Disadvantage:

— not realistic enough for natural surfaces 7 very sensitive to vegetation cover

.2 .2
_ cosf—4¢, —sin* 6 RP:(ar—1)(SIn 0-¢,(1+sin° 9)) ‘R R ‘ (R, +R )(R R ) c, =1‘R3—Rp\2
 cosO+1z, —sin’0 (¢,C080 +4/¢, —sin*#) 2

i DLR

|. Hajnsek, E. Pottier, S. Cloude, Surface Parameter Estimation using Polarimetric SAR,
. IEEE TGARS 2003 voI 41, no. 4, pp. 727-745




Prediction of the X-Bragg Model |

(HH+VV)(HH-VV) coherence versus b,
for different local incidence angles

Cross polarised power versus b, for
different local incidence angles

-

T T T T T T
er=2to 40 er=2to40:
0.9, - 09_ .................................................... P, -
AQI = 10to 50 AQl=10to 50
0.8, - OB ........................................................ -
0.7_. ...................................................... 07 SRR ’ -
o
OB [ et e _ %0.6 i
[s R
[
505_ ................................................... - EOS -
5 2 :
O o 50° .
O b e - 80.4 R, _
3]
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o koK EE ¥ %
42***** T, L
02+ 4 0.2 e %* .......................... : ]
%
# ¥
*** : 30°
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: f : # ¥ : ; ..
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Width of Distribution (degree)




Anisotropy

Prediction of the X-Bragg Model Il

Variation of Anisotropy Variation of Entropy/Alpha values with
with Roughness (Model Parameter 3,) Dielectric Constant (45 degrees AQOI)
Anisotropy Entropy/Alpha Plane
1 T T T T T T | 25 T T T T T T T T T
09+ B AOI = 45 degrees
AOI = 45 degrees
08 er=21016 7 s S A A . ]
0.7- ]
. . . - .. er: 16
0.6 H R T L D 1
% = . ¥ .
05 g S
<
04 1 10+ 1
0.3 -
"% : ) azimuthal symmetry line
a3 ) St .oer=2 . 7
0.1 i
% 10 2 % 0 % m 0 0 90 " o5 a1 o5 02 025 03 0% 04 045 05
Width of Distribution(degrees) Entropy




Experimental Data from Anechoic Chamber (JRC - Ispra)

Collected in European Mircowave Signature Laboratory (EMSL)
quad-pol scattering matrix(HH,VV,HV,VH); s = 0.4 cm; surface correlation lenght | = 6;
dielectric constant & = 8; frequency range = 1.5-18.5

AOI = 20°-50°

Anisotropy

Alpha Angle

Anisotropy versus frequency plot for

the EMSL data
i DLR

30

N
(=]
T

50°

=y
w
T

I o I I | I
0 0.05 . 0.15 02 025 0.3 0.45

| |
10° Entropy Frequgﬁ%gzl.Sto 108.45 GHz

Entropy/alpha angle plot for the
EMSL data




Inversion Results @ X-Bragg — Early Example on ELBE 2000

Volumetric Moisture %
Volumetric Moisture m,, [%] T Vol. [%]

40 ik " W
O [
30 | g e Og @
< O
S O
£20 & © ¢ :
: 2 :!.f_r
g o e
IS <> ‘ -
$107 < Hbe 0-4 cm
¢ Elbe 4-8 cm
0 Weiherbach 0-4 cm
@ Weiherbach 4-8 cm
0 ‘ ‘ |
. 10 20 30 40

measured m , [vol %]




Bare Surfaces: Soil Moisture Estimation @ AQUIFEREX 05

XB?‘agg: Th, *mv[bol,] TDR{green)

40IIIIIIIII:IIIIIIIII:IIIIIIIII:IIIIIIIII

) AR, S—— — A

20

e e

estimated mu[vol. %)

0 e

OIIIIIIIIIiIIIIIIIIIEIIIIIIIIIEIIIIIIIII

i 20 0
measured mu[vol 7

L-band / Pauli R

e
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Soil Moisture Estimation

» Surface Characterisation
* mv estimation over bare surface
* mv estimation under the vegetation

* 3 component model decomp.

« improvement of the 3 component model decomp.
* multi-angle approach combined with 3 comp. model decomp.

* hybrid decomposition

i DLR




3 Component Freeman Decomposition

RH=cose— £ —sin*0
1 B 0 cosO++/g, —sin’ 0
[TBragg]:fs B IBI* O B:M
0 o of RetRv o (e -1)sin’0-¢,(1+5in’0)
_ _ " (g,c0s0 + /e, —sin?@)?
|G|2 a 0] 2 0 O Ty Tp 0
@’ 1040 1 0|=IT Ty 0
0 0 0 00 1] |0 o T,
Fresnel Random Volume

of Dipoles

Surface Dihedral Volume

e NV ]
BT RN LY by
&




1 RssR 0
[S]{O 0 —ReRue }
—RpsNpr€
5 ~ c0sB—+/Eg,r —SiN*6
" cos + JEsr —Sin%0
5 €47 0080 — /g1 —SiN? O
MO e r coSO + JEsr —Sin%6
1B (20 0] [T T, 0
fs|B |BI +TVO 1 0|=|T, T, O
0 0 0 0 1 0 0 Ty
Bra Random Volume
of Dipoles
Surface Dihedral




AGRISAR Campaign in Northern Germany 2006

1. Agricultural data base over a whole vegetation growth - @
period - April - August 2006 PR

2. 16 data acquistions (DLR’s E-SAR) & ground S
measurements K% e

3. Support by ESA for the space segment - Sentinel Program

Thermal Infrared  EYoY] R /[YE {1/ g-01 ¢ Life) )

Bowen-Ratio Station

Laser-Profiler
P )
e R D

. =
i



Freeman-Durden 3-Component Decomposition (AGRISAR 2006)

C-band L-band

‘Jdinhedral} -
‘§ volume

surface

03/5/2006 14/6/2006 02/8/2006
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3 Component Decomposition and Modifications

Surface Dihedral Volume
» Re( Sy Sy ) >0 Re( Sz Sy ) <0
Decision rule = HEErY or HI=ry
a =10 L =0
Surface modification (X-Bragg) (¢, 6, 9): Dihedral modification (modified Fresnel
coefficients) (¢, &, 6, @, Ly):
— B 2 ]
1 B sinc(20) 0 5 |al a 0
[Teel=fs| Bsinc(25) %|,B|2 (1+sinc(45)) 0 [TmoD]:fD"LS ‘ w40 Uedgsd
0 0 0
0 0 %|,B I (1-sinc(46)) L |
sensor™ Lg =exp(=2- (ks )2 '005(9)2) ks=1-4
Qei’h
83‘.?.,7@/7[;;:/73/
On

—> Incorporation of a roughness and HV-

decorrelation term (5) — Incorporation of a surface scattering loss Lg

[Hajnsek et al., 2001] [Lee et al., 2005]

4 : A 1998, Yamaguchi et al., 2006
DLR e e WL |
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Inverted Soil Moisture @ L-band volume 2 (surface) and modified Dihedral (dihedral)

vol. %
50

40

03/5/2006
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Time Series of Inverted Soil Moisture @ L-band

Wheat field (No. 250) Wheat field (No. 230)

mau(surf)(Bragg XBragg, Vol —3)@L—band wheat(250) m(surf ) Bragg /XBragg,/ Vol 1 —3 J@L—band wheat(230)
T T T T T T T T T T T T T T T T T T T T T T T T
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Time Series of Inverted Soil Moisture @ L-band

Rape field (No. 140) Rape field (No. 101)

ma(surf)(Bragy XBragg,/Vol? —3)@L—band rape [140) mu(surf ) Bragg/XBragy,/Voli —3)@L—band rape{101)
T T T T T T H T T T H T T T : T T T T T T T T T T T T

ma [vol. %] (surf) estimoted
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Soil Moisture Estimation

» Surface Characterisation
* mv estimation over bare surface
* mv estimation under the vegetation

* 3 component model decomp.

« improvement of the 3 component model decomp.
* multi-angle approach combined with 3 comp. model decomp.

 hybrid decomposition
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Polarimetric Decomposition Techniques & Inversion Scheme

Soil Moisture Map
Weisseritz Region

ot

Vegetated soill

Eigenvalue
decomposition

Model-based decomposition
Calculation of

entropy and alpha Volume Volume

power power
extraction correction

. No
Hla criterion == Calculation of

ground
components

Scattering
dominance

Bare soil

Soil moisture
inversion from
X-Bragg model

Soil moisture inversion from
surface and dihedral components

Total soil moisture



Modeling of Volume Orientation

Volume modelling of a cloud of uniformly

shaped (p) particles with an orientation ()

in azimuthal direction

AR

Selection of volume orientation B
by polarisation power ratio P, '~

General Case

Vertical dipoles

Random dipoles

Horizontal dipoles

[Pr< -2dB] [-2dB < Pr < 2dB] [Pr> 2dB]
pdf(r) = 1 sin(7) pdf(z-) = i pdf(z)= 1 cos(7)
2 Y 2
O<z<r O<7r<2x —nml2<t<rxl2
C1 C4 O f1550 f200 15 -5 0
[7,]=£|c4 c2 0 7] 355 70 [TV]:fO 10 =X l-5 7 o0
0O 0 C3 0O 0 8 0O 0 1 30 O O 8




Correction of Volume Intensity f, with Eigen-based analysis

| [T Surface ] u [T\Dihedml ]

g

N

$

Solution

S

f, =A4T, Find

Minimum

fvm =1, +27T,,

* 7112 +8T12 'le* _4Tll 'Tzz +4Tzzz

i DLR

[van Zyl et al., 2008]




OPAQUE - Campaign
May 2007

1.  Soil moisture estimation under different land
cover with measurement approaches at
different scales

2 Radar data acquisition flights
(single pol X-, dual-pol C- and
quad-pol L- and P-band)

Ground measurements (soil moisture,
soil roughness, biomass,...)

2. Goal: Support flood forecasting by
identification of critical catchment states

~ TDR and GPR

- Winter triticale - Grass land 1
- Winter wheat Winter rape
- Summer barley Summer corn

A Corner—reflector
— Weileritz
Flight strip
Test site

Bl Winter barley  [JjjJ] Bare soil




Volume Orientation and Scattering Dominance @ L-band

volume surface dihedral
orientation dominant dominant
12% vertical L] [ ]
horizontal ]
random -

B <-Bragg only
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Model-based Decomposition @ L-band

range

zimuth

degrees

90°
72°
54°
36°
18°

0°

LA - Winter wheat
- Summer barley
B Winter barley

dihedral

Winter rape
Summer corn

I Bare soil

volume
W

surface

A%

L-Band Land use
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Validation with TDR Measurements on Winter Wheat

Vegetation
height:
55cm
Row
distance:
10cm 50 :IR‘M‘SE‘ I \:I 8I-LII-7\3I€()I T T T 1T T TT T 1T T T T T T T 1T ]
a5 fSTD EV.=.10.4345 f
Wet biomass: - " ]
40 - i o E
2,85kg/m? '0\? - i ﬁ_F i
.g. 30 - A =
3 E i -
w 250 + j; .
= - JJrr -
g 20 o4 1
E 15_ 1 i
10 - §
5" 1
0 :I L1l [ | L1l I | [ | [ | || | [ | || ]

0 5 10 15 20 25 30 35 40 45
mv measured [vol.-%]
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Validation with TDR Measurements on Summer Barley

Vegetation
height:

45cm

Row
distance:

50 "R{ASE S 14767
45 —~STDDEY =12.5168

23cm

Wet biomass: _Aop T e
0,93kg/m? w + :
- gm © - 4+ 4 =
< % e .

D ~ 7

™ 29[ _|_+ -

= a0 ;Jﬁﬂl t g

e - -

g 15 tt—F ]

+ i

5 ]

0:\\|| I | L1 11 L 111 L1 1 | L 111 | L1 1| L 111 I | -

0 5 10 15 20 25 30 35 40 45 50
myv measured [vol.-%]




Validation with TDR Measurements on Winter Triticale

Vegetation
height:
85cm
Row
d iSta n Ce : T 1T T T T1 T T T T T T1TT1 T T 1T T T 11 T 11 T T 1 T 11 T 11
50 "RMSE = '8.444986 -
10cm 45 [ STDDEV = 10.6133 L .
? poaii é
Wet biomass: 40 - RS ]
3 35 B o "l’—l'lir:_!_ | ]
3,34kg/m? = TF + £ T -
2 30[ 7 ]
Lo [ —I=F|= —
g 25[ 44 z
s : -
g 20 " ;
2 152 + + i
10] :
5 ]
0 :\ L1 L1111 L1 L 111 L1l L 111 || L 111 L1l | | :

0 5 10 15 20 25 30 35 40 45
mv measured [vol.-%]
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Validation with TDR Measurements on Winter Barley

Vegetation
height:

70cm

Row
distance:

10cm

Wet biomass: . j;j ; -
T a5 +F, H o+ -
3,31kg/m? % 35| i ]
S - -+ + =
= 30 T .
48 o5 - —I—_;h—: —l_ —|— -
© - -+ .
g C —|— ]
g 20 + + ]
£ 15[ :
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0 5 10 15 20 25 30 35 40 45
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Soil Moisture Estimation

» Surface Characterisation
* mv estimation over bare surface
* mv estimation under the vegetation

* 3 component model decomp.

» improvement of the 3 component model decomp.
* multi-angle approach combined with 3 comp. model decomp.

 hybrid decomposition

i DLR




Multi-Angle Approach for
Soil Moisture Inversion Rate
Increase

Testsite: Weisseritz Watershed; E-SAR L-band

i DLR

Single angular
1 acquisition

master

Bi-angular
2 acquisitions
master -
perpendicular

Tri-angular
3 acquisitions
master -
opposite -

perpendicular




Inversion Rate of Soil Moisture Estimation @ different AOI

One acquisition

Single angular
Two acquisitions

[

Bi-angular

Three acquisitions

I

Tri-angular

master opposite perpendicular
40.32% 29.87% 48.53%
master- master- opposite-

opposite perpendicular perpendicular

55.87% 63.39% 60.71%

master-opposite-perpendicular

70.89%




Validation of Soil Moistures @ different Incidence Angles

50 L L L L O L . L L O N O .00 . . . W
: : : : v

Samplmg bOX 13X13 p'XeIS - W triticale

W barley .
WG e
W rye

TTTTTTT I T TTTT =TI 17T

cTTT

mv estimated [vol.%]

f"SingIe angular
“inversion (p)

!lJJJIJ1JII:IllI lIlJJJIJ:IJII:IllI Ll - 111l

13 0 5 10 15 20 25 30 35 40 45 50
mv measured [vol.%]

validity criterion 10

TTETTTT= 7T

13 S

50 [ 0 R S % P OCHE .. AL O 0 %L O < 50 L L L L O L . L L O N O .00 . . . W
. | d . : : -

- w -lf-lzt.lcale Fleld mean ’ W triticale
 bariey values .~

w wheat
W rye .
35.mmmifmmmmmmmmem”_

W barley .
B LT B S e e i e

W rye

TTTTTTT T T T TITT 17T

cTTT

my estimated [vol.%]

’ Bi-ahgular

my estimated (mean) [vol.%]

Tri-angular : 10

TTETTTT=]TT

- “inversion (m-o- p); ; 7 inversion (o-p)-

0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
my measured (mean) [vol.%] mv measured [vol.%]




RMSE [vol.%] between Estimated and Measured Soil
Moistures for Different Incidence Angle Constellations

Fields m o p
Winter Triticale 6.34 6.34 10.33
Winter Barley < < 9.75
Winter Rye 5.25 6.11 5.86

Winter Wheat 4.52 < 9.79

Summer Oat 8.55 6.43 -
Mean 6.17 6.29 8.93

<- : tcé)uc;[ gsssc\(/a;lies for a valid analysis Bi-angul Tri'angma"?
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Soil Moisture Estimation

» Surface Characterisation
* mv estimation over bare surface
* mv estimation under the vegetation

* 3 component model decomp.

» improvement of the 3 component model decomp.
* multi-angle approach combined with 3 comp. model decomp.

* hybrid decomposition

i DLR




Basic Principle of Hybrid Polarimetric Decomposition

Polarimetric Signature Surface Dihedral Volume

vegetation

W g

Removal of Vegetation Component

vegetation

Hybrid Polarimetric Decomposition

\RilysiedHyeesityt(gipt volume intensity ( f,.) with surface scattering (a,)
1, = 2 dsm(@F | cteinems) piayfice Spastsmistgafonwaid medetéasity)) )
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Retrieval of the Ground Scattering Components

Hybrid Polarimetric Decomposition

Eigen-based Decomposition of Ground Components

I:{} From eigenvalues: Intensity of ground (f, f.)

|:> From eigenvectors: Scattering mechanisms of ground (o, o)

Physically Meaningful Separation of Scattering Mechanisms («ay, o)

a € [0, /4] Surface scattering :
+ =
Og T O 72 |::> a € [7/4, /2] Dihedral scattering :> a,

Orthogonality condition

103
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Soil Moisture Inversion from Surface Scattering Component

Polarimetric SAR data

Surface scattering component
from hybrid polarimetric
decomposition

f =—tan(a,)

Minimization

Surface scattering model

Bragg scatter modeling with 6,
and a variety of soil dielectric

constants &g R _PR

ﬂ — HH |44
m
l{HH + RVV

Ry, Ryy = f(&5,0,,)

t

Pedo-Transfer
Function of,

Topp et al. (£,<40)

Soil moisture [vol. %]



Soil Moisture Inversion along Vegetation Growth Cycle
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Validation of Moisture Inversion with Field Measurements (TDR)

mv estimated [Vol.%]

mv estimated [Vol.%]
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sugar beet 7.55 11.90 4.68

winter wheat 8.06 6.15 3.40

winter rape 5.70 2.62 2.06

summer corn 5.34 3.20 5.25

validation box: 13x13 pixels




Validation of Soil Moisture Inversion under Vegetation Cover

@ L-Band 9 Campaigns (E-SAR+F-SAR)
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Summary Soil Moisture Estimation

7 Soil moisture inversion is still object of
scientific research:

—7 Main research focuses on the estimation
of mv under the vegetation

7 One attempt is to use SAR polarimetry
for scattering mechanism decomposition
in order to characterise and subtract
volume from a ground component
(surface/dihedral)

7 POoISARPro provides the possibility to
invert soil moisture over bare fields and
allows a decomposition of scattering
mechanisms

7 Outlook: Inversion procedures for
vegetated areas are still missing

i DLR
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Part ll: Exercises with L-band Airborne Data

HH HV

7 Read the airborne SAR data
—7 Speckle Filtering (refined Lee)
7 Oh, Dubois and X-Bragg Inversion

7 Decomposition Method to extract the surface
parameter:

7 Freeman-Durden Model-based Decomposition
7 Eigenvector Decomposition




Test Date Used for the Exercise

7 Testsite: Demmin

\

Location: Northern Germany
Acquisition Date: May 2012
Frequency: L-band

Data size: az: 2.75km rg: 2.2 km
Polarisation: 4 SLC

Resolution: az: 60cm x rg: 3.8m
Rows and colums: 7981 x 1837

N NN NN

Pauli RGB

dihedral
volume o
" surface



First Steps in PoISARPro

7 Please open PolSARPro
7 Define your environment
—~ Open the DLR's acquired test Radar data

" Polarimetric SAR Data P SR

O BN Oov2dA8 ol mso

Polarimetric SAR Data Processing and Educ 50 - Ment

Enwvironment  Import Caoreeert Frocezz Dizplay  Calibration




First Steps in PoISARPro

' §f Polarimetric SAR Data

i I |En\~'|r0nment Import Convert Frocesz  Dizplay  Calibration + /‘z-s‘é?l gﬂfﬂl
L] e e TS i el — - ] g

Define the

environment of
_ ID:.-’Iecturefadvanced_pn:ulinsar_esa_ian'l Aewercizesdemind 2 ﬁ'l | @[l PolSARPro

Mair -I-npu-tul-:lirectnr_l,l

Dizplay Size
| Rows | 32 alv| Coumns | 392 a|w| LI|:u:|ate| Change Rows x
Colums to

Color Maps 820x820

(if window too
small)

Supervized Colortap16 @ Unzupervized Colorkd ap3 @ Unzupervized Colort ap2y

Unzupervized Colarbdapd @ Unzupervized Colortap16 @ R andam Colorkdap3z2

Save & Exit |

FPolSaRpro v5.0 - Run Trace
Close Window Display Men
dow E

10:03

sl (T kg
W 10013




Load the Airbrone Data

| §# Polarimetric SAR Data Processing and Educ

| Raw Binary Data

vI ~ | Envionment  Import  Convert Frocess  Display  Calibration * ';'i-* ;;f’f iR ‘ - E | | J | ﬂ g | Gluit | About ||
e P

50 - Me [E=NEENSC)

—_ Airborne Sensors

Spaceborne Sensors #

Convair

QuickLook

Emisar

Extract

F-Sar
Pisar

»

Edit Config File

Sethi
Uavsar

PolSaRpro »5.0 - Run Trace

Cloze Window W arning
Cloge Window Environmert

Raw Binary Data

Airborne Sensors

Spaceborne Sensors ¥

QuickLook

Extract

Edit Config File Sethi




Fill the Widget with Row and Column

§ ESARInput Data Fi

— Input Directory

| D:/lecture/advanced_polinsar_esa_jan13/exercise/deminl2

— Input Data File [ s11 ) ~\

|D:/Iectutefadvanced_polinsaf_esa_ianl Ilexercise/demin1 2/slc_1 ZSoirne:tOSUZ(th_)B_sub_p( -
N’

—Input Data File [ $12 )
|D:/Iectulefadvanced_polinsat_esa_iam 3/exercise/deminl 2/slc_1 ZSoimexOSDZQ.hv_)B_sub_p( =

Input Data File [ s21 )

7\
|D:!Iectute/advanced_polinsar_esa_iam 3/exercise/deminl 2/slc_1 ZsoimexDSUZth_}B_sub_p( =

— Input Data File [ $22 )

Note: Please add header!

i DLR

/7~ \ -
|D:J'Iecture/advanced_polinsat_esa_iam 3/exercise/deminl 2/slc_1 2soirnea-:0502‘tvx9]3_sub_pc Gy
—ESAR Data Format

¢ SLC Slant Range (RGI ) " SLC Geocoded Ground Range ( GTC )

[~ ES ata with Header
Initial Number of Rows 7981 Initial Number of Cols | 1834
[ Convert InM binary Format (LE <->BE) —




Display the Image

B oo ot SAR D P e .0 - Me '-—_-E )
‘

FI_ Erwirorment  Import Corvert Process Display  Calibration ﬂ w QHESt 0 . E g ﬂ @ ﬂ ﬁ g il M @i”ﬁ

Spaceborne Sensors ¥

QuickLook

Extract

Edit Config File

Raw Binary Data

Airborne Sensors

Spaceborne Sensors }

Generate a low

QuickLook resolution display

Extract

PalSARpro vB.0 - Run Trac
=weue . Edit Config Fil :
Clows Window ESAR Input it Con |g ne
— T
= | [T € o] s [ - ] DE . —
=1 IFL!];.% |||—" |- W e g 50013




Extract the Test Data

{f Polarimetric SAR Data Processing and Educatic ¥5.0 - Me Lo o= S|
VI Environment  Import  Conwvert Process  Display  Calibration * "!-\‘::.‘w AL . - H @l d| g pl ﬂ g '-;'&l Huit | - | About (,”@
k

= o o< et o] = 28 o | = |

Spaceborne Sensors b

QuickLook

Extract 4 Full Resolution
Sub Area

Edit Config File

Raw Binary Data

Airborne Sensors

Spaceborne Sensors #

QuicklLook

PolSARpro 5.0 - Fun | Eq_‘trﬂ Ct FI,_l” F:_EE.CI-'I._ItiClrI
Cloge Window Advice

Close Window ESAR Inp
’ Sub Area

Edit Cenfig File




Extract S2 Data v P“m“"m"m”““ _ -

—7 Check the header of the file!

[nput Direchan

-7 Full resolution

ID:a"IEl::ture.-’a|:|vanced_pnlinsar_esa_ian'l 3lemercize/deminl £ |

7 Sinclair Elements [S2] Dutput Directory
ID:a"IEl::ture.-’a|:|vanced_pnlinsar_esa_ian'l Alemercizedeminl 2 A I El

[t B o I 1 End Faow I 7987 [t Cool I 1 End Cal I 1837
" Full Resolution

" Sub Sampling Row I Cal I
" Multi Look Raow I Cal I

V¥ Symmetrization [ 512 =521

Input Drata Format | 2ud Complex Scatterng Matns 52

— Output O ata Format

‘ Sinclair Elements = [52] ™ [ Su Suy ) [l Ixy )
Coherency Elements T3 & [T4]

Covarnance Elements  [C2] " [C3] i [C4]




Display the Data

7 Use GIMP for image display
—~ What do you see on the image?

7 What does the colors in the image
mean?

—~ Which fields can be potentially
inverted to soil moisutre content?

dihedral
volume
surface



Filtering of the Scattering Matrix

Frocess  Digplay  Calibration

VI 52 | Environment  Import  Convert

Matrix Elements
Correlation Coefficients

Elliptical Basis Change

Polarimetric Speckle Filter »

H /A /[ Alpha Decomposition *

Polarimetric Decompositi 4

An-Yang Filter

Box Car Filter

Box Car - Edge Filter
G ian Filter

Polarimetric Functionalities - 1 »
Polarimetric Functionalities - 2 »

Polarimetric Segmentation 4

Polarimetric Data Analysis 4
Polarimetric Data Clustering  *

IDAN Filter

Lee Refined Filter

Lee Sigma Filter

Lopez Filter

Scattering Model Based Filter

Batch Process

P.W.F Filter

SIRV Model Estimation
Skou-Skriver Restoration

el o

EJJJJﬂQ_IM_II_

Please perform a Lee refined
speckle filtering of the Radar:

Method: Lee refined filter
- Window size: 9x9
7 Dispaly the image

PolSaRpro «5.0 - Run Trace

Cloze Window Message
Close Window Extract Data

el

i DLR




Filtering of the Scattering Matrix

Speckle Filter

— |nput Directony

|D:Hlecturefadwanced_pu:ulinaar_esa_iam Alewercize/demind 2

— Output Directory

|D:Hlecturefadvanced_pu:ulinﬁar_EEa_iam Alewercize/deminlZ_LEE

T3 El

[tk F o I 1 End Raw I 331 [k Cool I 1 End Cal I 1837
| LEE Refined Speckle Filter
— Output Format
o [52] 2 [T3]  [52]x» [C3] & [52]: [T4] & [52]:: [C4]

Murnber of Lu:u:uksl 1 Window Size Fh:uwl 9

Window Size Cal I 1

I Suystern Moize Filkering [ HY 2 WH |

I
=
=
m

E it |




Generate a RGB Image of the Filtered Data

Convert Process { Display ) Calibration

Input Directary

ID Alecturedadvanced_polinzar_esa_janl 3/exerciseddeminl2_LEE/T3

Output Directony

Create BMP Fils ID Alecturedadvanced_polinzar_esa janl Jlexercizesdeminl 2 LEE/T3

Create RGE File Irit Row | 1 EndRow | 7351 lritCal | 1 End Cal

Create HSL File & Pauli Composition 15114522 |512+521] |511-522)

Create KML File " Sinclair Composition IS11] [S12+521)52] 1522

Create Anirm GIF File ™ Caombine Blue File Green File Red File

Create Gray & BLUE Input D ata File

Color BMF File [5T1+522

Create Scatter Plat GREEM Input Data File

B EMPWViewer [I512:521]
RELC Input Data File

Exit |
ﬂ il [l5T15221

Color Channel Contrast Enhancement

W &utomatic Mirtd ax * Independant ™ Comman

— Blug Channel———— ’7 Fed Channel———— ’7 Green Channel—————

kin | Auto Ma:-:lﬂ«utu Min | Auto Ma:-:l.t'-\uto bin | Auto Ma:-:l.-’-'l.uto

Output RGE File
I||D Alecturedadvanced_polinzar_esa janl 3/exemcize/deminl 2_LEE/T3/FaulRGE.bmp

PolSaRpro ¥5.0 - Run Trace

Open wWindow Dizplay Mernu

Open Window Create RGE File -
= Exit |




Display the Data

%

5

A T

i )
4
; % :

LEE Refined Filtered
| __9x9 windo



Surface Soil Moisture Estimation (Oh, Dubois & X-Bragg)

e —c—

Environment  Import

Convvert Process  Display  Calibration E /w ?ﬂ"ﬁﬂ o ﬂ J J J J ﬁ g _l M M_“_
m. Matrix Elements J |_| B ® |
Correlation Coefficients | | e |J

Elliptical Basis Change

Polarimetric Speckle Filter r

H/ A/ Alpha Decomposition #

Polarimetric Decompositions  #

Polarimetric Functionalities -1 # Polarisation Synthesis
Polarimetric Functionalities - 2 ¥ Polarimetric Signature

Polarimetric Segmentation » Stokes Parameters
Compact Polarimetric Mode

Polarimetric Data Analysis r

C ct D iti
Polarimetric Data Clustering ¥ R ECDTPG? o

Compact Classification
Batch Process

O.P.C.E

R.C.5 Max

PolSARpro 5.0 - Run Trace

Open window Displap Menu
Close "wWindow Display Menu

Surface Inwversion

Roughness - 5oil Inversion
RVOG PolSAR Inversion

14:41
10.01.2013

DE . @

Sub-Aperture Analysis s

DEM Estimation

Polarisation Orientation Compensation



Empirical Models: Dubois @ Oh2004

7 Please run the Dubois and Oh2004 inversion for soil moisture
7 Load the incidence angle file (radian)

L= ]

f Data Process ; Surface Parameter Data [nversion i-

Data Process : Surface Parameter Data i u

— |nput Directory

|D:.-’Iecture.-’advanu:ed_polinsar_esa_ian'l Hewercize/deminl2_LEE/T3

Input Cirectamn

|D:.-"Ieu:ture.-"advanced_pu:ulinsar_esa_ian'l Iewercize/deminl 2_LEEAT3 ‘ Il

— Output Directory

fﬁEl

|D:a"Ieu:turefadvanced_polinsar_esa_iam Aewercize/deminl 2_LEE

— Output Directany

flﬁg

|D:.-"Ieu:ture.-"au:Ivanced_pu:ulinsar_esa_ian'l Ilevercize/demind 2_LEF

| Irit Row | 1 EndFow | 7981 ImitCol | 1 End Col |1e3?|

[ 1 EndFow | 7351 InitCol | 1 End Col |183?|

Init o

— Local Incidence Angle File

|D:.-"Iecture.-’advanced_polinsar_esa_iam Ilevercize /demin 2/incidence_1 2eoimex0502_L_t03 : 2 |

Local Incidence Angle File

|D:a"lecturex’advanced_pulinaar_esa_iam 3lesercize/demind 24incidence_12s0imex0502_L_t03_: = |

Surface Parameter D ata Inversion Procedures
& Dubois Ok

© Oh 2004 " ¥Bragg 2008

Surface Parameter D ata Inversion Procedures

™ Duboiz " 0Oh & Oh 2004 " ¥-Bragg 2008 ‘

E

f* Radian

Local Inzidence Angle Lnit
’7 " Deges

” Central Freq. [GHz]

Calibration
r—

Local Incidence Angle Lnit
’7 ' Radian

’7 Central Freguency [GHz)

[z

= —

" Degree

— =

window Size : Baow I Cal I ’7 I_ ‘“IWI

=

Window Size : Fow I Col I ’7 I_ ’*‘IWI

— Threszholds
HYHY /WA ¢ I 11 [dB]
HHHH /%W 0 p_mias zoil moisture [ my | = I

HHHH /WA ¢ I 0 [de] Histu:ul
zuface roughtness [ 2 ] = I

Threzholds
HiHY A Wi o I [dE] HHHH /WWaay < I [dE]

zoil maisture [ my | = I nom

Hizto |

HHHH A% < pmas surface roughness [ ¢ ] = IEI.EIEE

[a] o0

i DLR

Run E E




Model Based Models: X-Bragg

Input Directan

7 Please run the X-Bragg
inversion for soil moisture

7 Load the incidence angle

|D Jlecturedadvanced_polingar_esa_janl fexercizedemin 2_LEE/T3 I

— Qutput Directony
fl | e (rad Ian ) ID:flen:ture;"advanced_pnlinsar_esa_ian'l Ilexercizesdeminl 2_LEE ! I T3 &= |
It Ry 1 End Row 79 [t Cool 1 End Col 1837 |

Local Incidence Angle File

|D:flecture;"advann:ed_pnlinsar_esa_iam Ilexercizesdemin] 24ncidence_12s0imex0502_L_t03_: & |

Surface Parameter D ata lnwersion Procedures

™ Dubois " Oh Ok 2004 ¥ 5.Bragg 2008 ‘

Local Incidence Angle Lnit

Kown crom || T— ||r T

#-Bragg Parameters

Dielectric Conztant Step Beta Angle Step

Window Size : Hl:uwl 5 I:-::II | ’7 IT *I'I IT = Tl
ﬁ Thresholds

HWHY /WA I [dE] HHHH /%Ay < I [dE] Hizto

HHHH /%wahy < p_mas zoil moisture [ my | = I zurface roughneszs (2] = I

v Display ¥-Bragg - H / &lpha plane

E E =it |




Empirical Models: Dubois — INVERSION RESULTS

Volumetric Soil e Su-rfa.ce. .
- Moisture vol.-% Roughness




Empirical Models: OH2004 — INVERSION RESULTS

Volumetric Soil....
Moisture vol.-%




Model Based: X-Bragg — INVERSION RESULTS v4.2

Dielectric Volumetric Soil
Constant Moisture vol.-%




Perform Free3 — Freeman 3 Component Decomposition

Environment  [mport  Caonvert Process

e BN Bl | w2 p NSy ] ewe]w
A e o w ]

Dizplay  Calibration E _ /.i_ée.‘;s‘ genest
Matrix Elements =
m- Correlation Coefficients

Elliptical Basis Change v

Polarimetric Speckle Filter k

H/ A Alpha Decomposition
Polarimetric Decompositions JRH : Huynen Decompaesition
RMEL : Barnes 1 Decompaosition
RMEZ2 : Barnes 2 Decomposition
SRC: Cloude Decomposition
Polarimetric Segmentation » WAHI : Holm 1 Decompaosition
WAHZ2 : Holm 2 Decompaosition
HaL: H /A /S Alpha Decomposition

Polarimetric Functionalities - 1 *
Polarimetric Functionalities - 2 #

Polarimetric Data Analysis »
Polarimetric Data Clustering  *

AM3 @ An & Yang 3 Components Decomposition

Batch Process
AM4 : An & Yang 4 Components Decomposition

FREZ2 : Freerman 2 Components Decomposition
FREZ : Freeman 3 Compenents Decomposition
MEU : Neumann 2 Components Decomposition
MMED : Arii 3 Components MMED Decomposition
AMNMED : Arii 3 Components ANMED Decomposition
VZ3 : Van Zyl (1992) 3 Components Decompaosition
YAM3 : Yamaguchi 3 Components Decomposition
YAMY : Yamaguchi 4 Components Decomposition

Pol34Rpro 5.0 - Run Trace KRO : Krogager Decompaosition

Open Window Enviranment
Cloge Window Environment

CAM : Cameron Decomposition

16:01

DE & | .
W s 012013

TSVM : Touzi Decomposition

2KR : Raney Decomposition
SRC:

Compact

Decomposition

DLR




Free3 — Freeman 3 Component Decomposition

Note: Perform the
process on the
filtered data

[mput Directony

ID JHlecturefadvanced_polingar_esa_janl3dexercize/deminl 2_LEE/T3

Olutput Drirechary .
ID:.-"Ie|:turE.-"advanced_pl:ulinsar_esa_ian'l Ilexercizesdeminl Z2_LEE / I T3 |

It B I 1 End Row I 783 [mit Col I 1 End Cal I 1837

| Freeman 3 Components Decompozsiion T3 Window Size Bow I 3 Window Size Col I 3

M TgtG TolG TgG v BMP Target Generators [TgtG)

Miniriurn 4 Masirmurn Walues W oauto Min | Auto Mas I.&utn:u

¥ Decomposition / Reconstruction Output Format & T3  C3

Output Directary - 0dd Bounce Component

ID:.-"IE|:ture.-"advanced_pl:ulinsar_esa_ian'l Ilexercize/deminl Z_LEE_FRE3_OCDD d I T3

Output Directary - Double Bounce Component

ID:.-"IE|:ture.-"advanced_pl:ulinsar_esa_iam Ilerercize/deminl 2 LEE_FREZ DBL 4 | T3 =

Output Directary - Yolume Compaonent

ID:.-"IE|:ture.-"advanced_pnlinsar_esa_iam Jferercize/deminl 2_LEE_FRE3 0L 4 | T2 =

sl

=

=
m




ion

Freeman 3 Component Decomposi

Free3




Eigen-decomposition Parameters
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