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@Iarizaﬂon States of a Coherent Plane Wave

electric field vector \/ vertically polarized
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@ Polarimetric SAR System Configurations

single pol:
— VV or HH (or possibly HV or VH)

dual pol:
— HH and HV, VV and VH, or HH and VV

guad pol (fully polarimetric):
— HH, VV, HV, and VH

Polarization types

— Linearly polarized

— Circularly polarized
— Elliptically polarized

relative phase between channels is important information
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Polarimetric SAR Measurement

: H transmit, H receive
'V transmit, V receive
: H transmit, V receive
: V transmit, H receive
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Multi-Polarization SAR Image (SIR-C
1994)

red = L-HH green = L-HV blue = L-VV courtesy of JPL
Central Sumatra, Indonesia (50 km x 100 km)



Z > Multi-Polarization/Multi-Frequency SAR
Image (SIR-C/X-SAR 1994)
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@ Representation of the data — Jones Matrix

e Send out a
polarized wave .
(vertical, E" = E}'é, + E¢€,
horizontal, or some '
combination).

« The wave interacts
with a scatterer, .
causing a linear L oo re ethor [ g G, Eir
transformation of E™ = [S] E" = { k } — { fh 2 he } { U
the wave. r S vh Ouy E(

e The wave is
detected.

e S can be reduced
to the independent
parameters.

g N Y | pi(Pe—d0)
Equations from SAR [S] — l%o b.h‘fl"’ N b:r: € ( | .
Polarimetry Tutorial by ’ g E_ffg((;.-)'{:_ﬁjoj q E"f(@vv—@o)
Martin Hellmann x v
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@ Representation of the data — Coherency matrix

* But my resolution cell is larger than my scatterers ...

* | can have more than one scatterer, and more than one type of scatterer
iIn my resolution cell ...

S, S L [ S+ S |

25,
— Convert Jones to a Pauli matrix

(A[2) (AB") (AC”
(A'B) (B[?) (BC"
(Ac) (B'C) (Cf*

T o7 1
[] ‘3‘&3 — <;;f;i:_;f~';,¢;3> — E

— Create a coherency matrix (<XY> denote ensemble averaging, assuming
homogeneity.
Equations from SAR Polarimetry Tutorial by Martin Hellmann

)
)
)

A= Spp + Suw
where B = Spp — Sue

C =28,
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Decomposition of the data

» Goal — separate contributions into different scattering mechanisms.

[S] [T'] [C]

COHERENT
DECOMPOSITION

EIGENVECTORS BASED MODEL BASED
DECOMPOSITION DECOMPOSITION

S.R.CLOUDE AJ.FREEMAN
(1985) (1992)

W.A.HOLM
{1988) EIGENVECTORS /EIGENVALUES ANALYSIS

&
MODEL BASED DECOMPOSITION

JJ. VAN ZYL
(1992)
EIGENVECTORS /EIGENVALUES ANALYSIS
ENTROPY /ANISOTROPY

TARGET
DICHOTOMY

J.R.HUYNEN
(1970)

RE.M.BARNES
(19838) SR.CLOUDE - E.POTTIER
(1996-1997)

Overview of Decomposition theorems (from Eric Pottier)



SE Pauli Decomposition

o
Pauli matriz scattering type nterpretation
10
0 1 odd bounce surface, sphere, cornerreflectors
1 0 _
0 —1 even bounce dihedral
0 1 . . :
A even-bounce /4 tilted /4 tilted dihedral
0 —1 i i .
, 0 cross polariser not existent for backscattering
1

Image from E-SAR over Oberpfaffenhofen (from
SAR Polarimetry Tutorial by Martin Hellmann)
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@ Entropy, Anisotropy

« Perform Eigenvalue decomposition of coherency matrix into
orthogonal scattering mechanisms.
— Each “decomposed” matrix represents a single scattering mechanism.

3
T) = NalTo] = M (@ - &) + Xa(@ - &) + A5(e - )

n—1

« Compare elgenvalues
— If they are nearly the same, there is no dominant scattering mechanism.
Entropy =>1.

— If one dominates, Entropy=>0.

* Anisotropy
— Compare second and third eigenvalues. The more they are different, the
larger the anisotrpoy. A high anisotropy says the second eigenvalue
dominates, while a low anisotropy says the 2"d and 3’ are equally
iImportant.
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@ Average Scattering mechanism (alpha)

* Any Pauli vector (and therefore Jones matrix) can be rotated
to become the unity vector.
e’ 0 0
[ 0 €2 0

1
0| =
0 0 0 e

e Alpha is the first rotation term. Its interpretation is:

anisotropic odd bounce anisotropic even bounce
- > >

|, | |

o =0 o =45° o, =90°
o bounes \,\J'/ﬁ” Apole s@i cven boumce
/\m IR IR IINyy. i
S ..

e Other terms are target orientation and phase angles.

I 0 0
0 cos3 sing
0 sind cosp

cosax  sina ()
k:

—sinae cosa ()
0 0 1
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A3 H-alpha plane
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SE

 From ESA POLSARPRC
manual, chapter 5.
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@ Applications

» Surface roughness
» Surface slopes

« Soil moisture

* Vegetation biomass
* Vegetation heights
» Tree species

e Snow monitoring

« Water equivalent ice thickness
* Meteorology

» Hydrology

» Geology

* Topography

» Cartography

e De-mining

« Seaice

« QOceanography

e Forestry

» Crop classification
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S Crops

CROP IDENTIFICATION AND MAPPING CROP CONDITION

Within Field Variability: Wheat Crop
Ottawa, Ontario

CV-580 C-band SAR, South of Ottawa, 9 July 1998 CV-580 SAR
Linear Polarization Composite: R = HH; G=HV; B=VV Composite:..

ey !"A‘ 3
June 19, 1998

Alfalfa
Composite ;. .

it

July 9, 1998

Image courtesy of Canadian Centre for Remote Sensing
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@ Sea lce

e Possible to better
distinguish ice
edge from
windswept ocean

» Better ice type
classification than
single pol.

* Image by JPL’s AIRSAR
from S. V. Nghiem and C.
Bertoia, “Multi-Polarization
C-Band SAR Signatures of
Arctic Sea Ice,” IGARSS
2001.
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Hydrology

e “ ... the polarimetric
parameters iInclude a
significant amount of soll
moisture and surface
roughness information.”

 C. Thiel, S. Gruenler, M. Herold, V.

Hochschild, G. Jaeger & M. Hellmann

Interpretation and Analysis of
Polarimetric L-Band E-SAR-Data for
the Derivation of Hydrologic Land
Surface Parameters, IGARSS 2001
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AL PolINSAR

* “SAR interferometry is today an
established technique for estimation of
thehelght|ocat|0nOfscattererSthrough TTT I T IT T TP T I TT " TORRTORTITIT T INORTTIOIT "TITTTIITNTI
the phase difference in images acquirec - : j ; ; .
from spatially separated apertures at : : : :
either end of a baseline ... scattering
polarimetry is sensitive to the shape,
orientation, and dielectric properties of
scatterers ... In polarimetric SAR
interferometry (Pol-InSAR), both
techniques are coherently combined to
provide sensitivity to the vertical
distribution of different scattering
mechanisms. Hence, it becomes
possible to investigate the 3D structure
of volume scatterers such as vegetation
and ice, promising a breakthrough in
radar remote sensing problems.”

Height (m)
Height (m)

» Krieger, Papathanassiou, Cloude,
“Spaceborne Polarimetric SAR :
Interferometry: Performance Analysis : ) Z
and Mission Concepts” -- EURASIP
Journal on Applied Signal Processing —30 20 ~10 0 10 20
2005:20, 3272-3292

Ground-to-volume ratio (dB)
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Forest Biomass

* Biomass determined
from tree height, as a
direct result of
POLINSAR. Some
dependence on tree
type in the model.

« T. Mette, K. Papathanassiou,
|. Hajnsek, “Biomass
estimation from polarimetric
SAR interferometry over
heterogeneous forest terrain,”
IGARSS 2004
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5L Advanced Polarimetric Instruments

 Multifrequency
o Multi-instrument

ed / Linear-circular

Fl
; 3 e 2 el BT
- 1 B e e
g A g

RGB image using the total power (in dB) of the three
frequencies (red=C-band, green=L band, blue=P-
band.) from B. Scheuchl, I. Hajnsek, and I.
Cumming, “Sea Ice Classification Using Multi-
Frequency Polarimetric SAR Data,” IGARSS
2002
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AL Calibration

« Channel imbalance (f)

e Cross-talk (delta)

* Noise (N)

e Faraday rotation (omega)

(e A =awed (5 F) (5 1)
. ( cos §2 Sinﬁ) (Shh Svh)
—sinf? cosQ) Sty Svvy
( cos §2 sinﬂ)(l D)
—sinf? cos(2 0 fs

AL %) Nen Nvn
54 1 th NW
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ijz lonospheric Effects on Broadband
Linearly Polarized SAR Signals

* phase delay:

#(f,) 2-40.28 q
. = ~— TEC Advance of SAR phase
24, cf?
e group delay:
_1dg(f) 2-4028

Cf02 TEC - Delay of signal envelope

* Non-linear residual phase
within SAR bandwidth

5 (f) - Range blurring of SAR image

« Faraday Rotation
- Change of scattering matrix
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@ FR Estimation from imagery

 Measured Scattering matrix of a sufficiently calibrated SAR system

Mpy My | | cosQ  sinQ || Sy Sy | | c0sQ  sinQ
M., M,| |-sinQ cosQ||S, S, ||-sinQ cosQ

A%

» Direct estimation from scattering matrix (Freeman, 2004):

O zltanl|:(Mvh B th):|
2 (MVV+MVV)

« Estimation from circular basis (Bickel & Bates, 1965):
{Zn le}{l jHMhh MvhHl J}
ZZl MZZ J 1 th MW J 1

Q= %arg(zlzz;)
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mean
sigmaflof FR in imc




FR Correction

 Calibration and correction of FR by model inversion:

S, S, | [cosQ —sinQ][M,, M,][cosQ -sinQ

S,y S sinQ cosQ2 | [M,, M SinQQ  cosQ2

wW w

 FR Correction software allows both the correction for
constant QQ and the correction for spatially varying Q2

e Example:

HV — VH before correction HV — VH after correction




Data waiting to be explored:

 PALSAR L-Band

— Greenland
(including
POLINSAR)

— Alaska

— Amazon
 TerraSAR-X
e Envisat
e Airborne
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S Sensors

POLARIMETRIC SAR SENSORS

Ve ™\

AIRBORNE SENSORS

.
u

AES1 AIRSAR DOSAR
AeroSensing (D) MASA [ JPL (USA) EADS / Dornier GmbH (D}

ENVISAT / ASAR
ESA (EU)

SIR-C
NASA / JPL (USA)

EMISAR MEMPHIS | AER lI-PAMIR
DCRS (DK} FGAN (D)

ALOS / PALSAR
NASDA / JAROS (J)

PHARUS PISAR RAMSES
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TERRASAR
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Image from Eric Pottier, Radar polarimetry basic theory
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