s,

?._".? HAROKOPIO UNIVERSITY Q\\&\i‘% cesa

2 L4th ADVANCED TRAINING COURSE IN LAND REMOTE SENSING

Radar Polarimetry (1)

Eric POTTIER

1-5 July 2013 | Harokopio University | Athens, Greece

a,
Q> ¢ A bit of History

e Airborne and Space-borne
Polarimetric SAR Sensors

o Software / Toolbox

e Learning / Training / Results
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Radar Polarimetry (Polar : polarisation Metry: measure)
is the science of acquiring, processing and analysing
the polarization state of an electromagnetic field




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

its geometrical structure
reflectivity, shape and orientation

* Forest Height
¢ Forest Biomass
¢ Forest Structure
- e Canopy Extinction
¢ Underlying Topography

¢ Forest Ecology

e Forest Management
e Ecosystem Change
e Carbon Cycle

» Soil Moisture Content

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

» Extinction of Vegetation Layer ¢ Desretification

¢ Moisture of Vegetation Layer

e Topography

¢ Penetration Depth / Density e Ecosystem Change
e Snow Ice Layer e Water Cycle

e Snow Ice Extinction e Water Management
« Water Equivalent

A Bit Of History

Radar Pelarimetry
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Pelarimetric SAR
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Pelarimetric SAR
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ALOS / PALSAR TerraSAR-X RadarSAT-II COSMO-SkyMed

Japanese Space Agency (JAXA) German Aerospace Center (DLR) / Astirum  Canadian Space Agency (CSA) Italian Space Agency (ASI)
L-Band (quad), 2006 X-Band (dual), 2007 C-Band (quad), 2007 X-Band, 2007
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RadarSAT-1
[Canadian Space Agency (CSA)
C-Band, 1995-today
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J-ERS-1
Japanese Space Agency (NASDA)
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[Canadian Space Agency (CSA)
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What Abaout

The arimetric Data cessing
and Educational Tool v5.0




The arimetric Data cessing
and Educational Tool v |.[|

Jan. 2011

v5.0

Jan. 2013

OPEN SOURCE DEVELOPMENT

The Tool is on the Internet
from the (¢ ) at:
http://earth.eo.esa.int/polsarpro

http://earth.esa.int/polsarpro
The Web Site provides

Details of the project

Access to the tutorial
and software

Information about status
of the development

Demonstration Sample
Datasets




Learning / Training

Next P.| Generatiens

Polarimetric Radar Imaging: From basics to applications
Jong-Sen LEE — Eric POTTIER

CRC Press; 1st ed., February 2009, pp 422

ISBN: 978-1420054972

Polarisation: Applications in Remote Sensing
Shane R. CLOUDE

Oxford University Press, October 2009, pp 352
ISBN: 978-0199569731




REAL ELECTRIC FIELD VECTOR E(z,t)

MAXWELL — FARADAY EQUATION
MAXWELL — AMPERE EQUATION

GAUSS THEOREM

( MAXWELL EQUATIONS

VAE(z,t)=— 2t

VAH(z,t)=J_(z,t)
V-D(z,t)=p(z,t)

dB(z,1)

\

J

\ V-B(z,t)=0
. - aD(z,t
J (2= (z.t}+ a(t )
J’C (Z ’0=0E. (Z t) O (Conductivity)
B(Z ,t)=ﬂH (z t) M (Permeability)
= = & (Permittivity)
5(z,t)=¢E(2.1)
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ROTATION SENSE: LOOKING INTO THE DIRECTION OF THE WAVE PROPAGATION

ANTI-CLOCKWISE ROTATION

LEFT HANDED POLARISATION

ELLIPTICITYANGLE : T>0 T

REAL ELECTRIC FIELD VECTOR

E(z,t)=

1 1
G 57, I

E, = E,, cos(at—kz-4,)
E, = E,, cos(@t—kz-4,)

= with: E(z,t)= (Eej(wt kz))

= E=[

CLOCKWISE ROTATION

RIGHT HANDED POLARISATION

V5 ELLIPTICITYANGLE : T<0

PHASOR = JONES VECTOR

EX = EOXej5X:|
i9,
E,=E,e

-

\

tan2¢ = 2

GEOMETRICAL PARAMETERS

ABSOLUTE PHASE

a=9,

AMPLITUDE
A= [E¢ +E}

ORIENTATION ANGLE ELLIPTICITY ANGLE

E, E
0x —0y
0x Oy
POLARISATION HANDENESS: Sign(7)

sin27=2

Eo + EOy

\

EOXEO H
————-sing

)

£ E, =E,e”|_ el cos(@)cos(7)—jsin(¢)sin(z)
o) 9, |~ [sin(¢)cos(r)+jcos(¢)sin(r)

Special Unitary Matrices Group and Jones Vector

= ~ is,
E,=E,e

{

E....=Ae Ja|:COS(¢) —sm(¢)][ cos(r)}
o sin(¢) cos(g) | jsin(7)

{

|

£ cos(¢) —sin(¢)|| cos(7)
COZ sin(g)  cos(g) || jsin(z)

jsin(7) eja
cos(z')} 0

e_ja

Il




HORIZONTAL POLARISATION STATE VERTICAL POLARISATION STATE

ORTHOGONALITY CONDITIONS

9,7) - {¢,=¢+§

’
T = —7 wm) CHANGE OF POLARISATION HANDENESS

SU(2) : SPECIAL UNITARY TRANSFORMATION MATRIX

[U(¢,T,a)]={cos(¢) —sin(¢)]{ cos(z) jsin(r)][e‘j“ Oa}

jsin(z) cos(z) || 0 e’

sin(¢)  cos(¢)

\

ELLIPTICAL BASIS TRANSFORMATION MATRIX

[U(A,AL)H(B,EL)] =[U_(¢1710‘)]_1 @) isin(z) () sin(g)
i@ cos —jsin cos sin
15 S ey Loy o)

0 ele|—jsin(r) cos(z) | —sin(@) cos(p)




DETERMINISTIC SCATTERING RANDOM SCATTERING

COMPLETELY POLARISED WAVE PARTIALLY POLARISED WAVE

Polarisation Ellipse varies in time
Amplitude, Phase: Random processes

STATISTICAL DESCRIPTION

WAVE COVARIANCE MATRIX

[(es) (BE)

PI=EE e e

DIAGONAL ELEMENTS : INTENSITIES ON EACH OF THE 2 ORTHOGONAL
COMPONENTS OF THE WAVE

OFF-DIAGONAL ELEMENTS : CROSS-CORRELATIONS BETWEEN THE 2
ORTHOGONAL COMPONENTS OF THE WAVE

Trace([J]) = <\EX\2> - <\Ey\2> = A?  TOTAL WAVE INTENSITY

THE WAVE COVARIANCE MATRIX IS A
2x2 HERMITIAN POSITIVE SEMI-DEFINITE MATRIX

EIGENVALUES DECOMPOSITION

A 0

SN

} U,]" = Auul +4u,uy

=P 2 ORTHOGONAL EIGENVECTORS U,]=[u,,u,]

A= (00)+ I+ (0. + 0,

1

mmpp 2 REAL EIGENVALUES

/12 =2{<go>_J<gl>2 +<92>2 +<93>2}




PARTIALLY POLARISED WAVES DESCRIPTORS

Degree of Polarisation

oop - 0+ (0. _ A -4, _(1 4det([9]) J

e 2
/ (9,) A+ 4, Trace’([J])
Polarised Wave Power \
Total Wave Power Anisotropy 0<DoP<1
Wave Entropy 0<H<1

i=2

H =_z P Ing(pi) with:

i=1 \ - /’L;LT

Degree of randomness, statistical disorder

y)




TRANSMITTER: X
RECEIVERS: X&Y

PELE
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X
Ry W
Sxx Swv Six Sy
Ry W W LU W
TRANSMITTER: X &Y Six Siy Six Sy

RECEIVERS: X&Y

W
SIS
SINCLAIR MATRICES  {[S]=| | X

SYX SYY
SCATTERING POLARIMETRY

-30dB. -15dB 0dB.

Sinclair Color Coding

© Google Earth [HH| [HV] [VV|




[S(B,BJ_)]z [U(A,AL)H(B,BJ_)]T [S(A,Al)] [U(A,AJ_)—)(B,BL)]
CON-SIMILARITY TRANSFORMATION

[U ] SU(2) SPECIAL UNITARY ELLIPTICAL
(AA)-(B.By) BASIS TRANSFORMATION MATRIX

[U(A,AJ_))—)(B,EJ_)] = [U (¢171a)]_1
gl 0 cos(z) —jsin(z)] cos(g) sin(g)
0 e®| —jsin(z) cos(r) | -sin(¢) cos(e)

[Uz(_ a)] [Uz(_ T)] [Uz(_ ¢)]

© Google Earth

Pt P 9% L Sk 2 3
© Google Earth |AA+BB| |AB | |AA-BB|
: A=Li B=Li




LC,RC) POLARISATION BASIS

2N

© Google Earth |LL+RR] ILR | |LL-RR]

// POLARIMETRIC DESCRIPTORS

[S]  SINCLAIR Matrix

SiylS
[S]=|: HH Hv:|
Sum | Sw
TRANSMITTER: H&V K Target Vector

RECEIVERS: H&V
[T] 3x3 COHERENCY Matrix

VECTORIZATION OF [S]

S5 3] = kevilsh=Jrae(slv)

SET OF 2x2 COMPLEX MATRICES
FROM THE PAULI MATRICES GROUP

R N A

TARGET VECTOR
1
K=ﬁ[SHH +Sw Sun—Sw  2Spyv ]’




TARGET VECTOR k

1 T
K=ﬁ[SHH+va ShH —Sw  2Shy ]

4

COHERENCY MATRIX [T]

2Ay C-jD H+jG
[T]=k-kKT=|C+jD By+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 interpretation

PHYSICAL INTERPRETATION

SINGLE BOUNCE DOUBLE BOUNCE VOLUME

SCATTERING SCATTERING SCATTERING
(ROUGH SURFACE)

i

T, = 2Ao =‘Sxx + Sw‘z

Ty =B+ B:‘Sxx _Sw‘2

|[HH+VV|4g [HV]4g [HH-VV|4g

-30dB. -15dB 0dB.




© Google Earth

|[HH+VV| |HV |

SINCLAIR MATRIX
EEBYBL) = [S(B,BJ_)]EtiBJ.)

E?AYAJ_) = [S(A,AJ_)] EEA!AJ_)

H,V) POLARISATION BASIS

|HH-VV|

i

S(B,BJ_)]= [U(A,AJ_)»—)(B,BJ_)]T [S(A,AJ_)] [U(A,AJ_)H(B,BJ_)]
CON-SIMILARITY TRANSFORMATION

T/

COHERENCY MATRIX

[T(B,BJ_)] = [U 3(A,AJ_)}—>(B,BJ_)] [T(A,AJ_)] [U 3(A,AJ_)}—>(B,BJ_)]_1
SIMILARITY TRANSFORMATION

[US(A,AJ_)—)(B,BJ_)]

U(3) SPECIAL UNITARY ELLIPTICAL
BASIS TRANSFORMATION MATRIX

(R s

U

SPECIAL UNITARY SU(2) GROUP

cos(g) - Sin(¢)}[ cos(r)  j Sin(r)}[e“’

cos(¢)

.(#)]

jsin(z)

U, ()]

0
U

cos(7)

0
el

()]

\

/ SPECIAL UNITARY SU(3) GROUP A
1 0 0 cos(2z) 0 jsin(2z)][ cos(2e) - jsin(2a) O
0 cos(2¢) sin(2¢) 0 1 0 - jsin(2a) cos(2e) 0O
0 —sin(2¢) cos(2¢) jsin(Zr) 0 cos(Zr) 0 0 1

[Us(29)] [Us(27)] [Us(20)] Y,

-




« 7

f/fi

POLARIMETRIC GOLDEN NUMBER

POLARIMETRIC TARGET DIMENSION

P LI

5 DEGREES OF FREEDOM

COHERENCY MATRIX [T]

S
9 HUYNEN REAL PARAMETERS
Oy —sox Py _xx (A0, BO, B, C, D, E, F, G, H)
TARGET MONOSTATIC -»[ 9-5=4TARGET EQUATIONS ]
POLARIMETRIC « DIMENSION »
I
5

PURE TARGET — MONOSTATIC CASE

(" 2A, C-jD H+jG] )
[T]=k-k"=|C+jD B,+B E+jF
H-jG E-jF B,-B
3x3 HERMITIAN MATRIX - RANK 1

\ 9 PRINCIPAL MINORS =0 /

/2A0(BO+B)—CZ—D2 =0 2A(B,-B)-G*—H? =0\

~2AE+CH-DG =0 BZ-B?-E?-F?=0
C(B,~B)-EH-GF =0 -D(B,-B)+FH-GE =0
2AF-CG-DH=0 -G(B,+B)+FC-ED=0

H(B, +B)—CE —DF =0




, @

5 DEGREES OF FREEDOM COHERENCY MATRIX [T]
‘SXX ! SXY ! SYY‘ 9 HUYNEN REAL PARAMETERS
AO,BO,B,C,D,E,F,G,H
¢XY—XX '¢YY—XX ¢ )
TARGET MONOSTATIC mp | 9-5=4TARGET EQUATIONS
POLARIMETRIC « DIMENSION » 2A,(B,+B) = C?+D?
I
5 2A(B,-B) = G*+H?’
2AE = CH-DG
2AF = CG+DH

e 2
/]/ POLARIMETRIC DESCRIPTORS

N
N N [S]  SINCLAIR Matrix
/1‘; [S]= SHH SHv
Sw

SVH
Kk Target Vector

TRANSMITTER: H&V [T] 3x3 COHERENCY Matrix
RECEIVERS: H&V

[ POLARIMETRIC REMOTE SENSING ]




