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LN RADAR POLARIMETRY

Objective

=
(G
D,
(/)]
Q

NS

To provide
the minimum, but necessary,
amount of knowledge required
to understand v
L aps . J
scientific works on <

SAR Polarimetry (PolSAR
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GENERAL INTRODUCTION
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RADAR POLARIMETRY

e A bit of History

e Airborne and Space-borne
Polarimetric SAR Sensors

o Software / Toolbox

e Learning / Training / Results




Radar Polarimetry
if; //

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

\\
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Radar Polariretry

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

—N— = _—_ =

Its geometrical structure
reflectivity, shape and orientation

—
v

—
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SAR Polarimetry Applications
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
o 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 e Ecosystem Change
e Show Ice Layer e Water Cycle

e Snhow Ice Extinction e Water Management
e Water Equivalent

Ul‘ban Al‘eaS , 4?:{ Courtesy of Dr. I. Hajnsek
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A Bit Of History

Radar Polarimetry




AD 1000
Use of the polarized
skylight to locate a 1669 Corpuscular model or
hidden sun First known
Quantitative work 1677 « longitudinal » waves
on light observation Wave nature

of light discovery

Explanation of the

double refraction 1704
Corpuscular
Model of light

1808
Discovery of the
polarization of light
(intrinsic property
of light and not of
crystals)

Bartholinus

Crystal of calcite
Iceland Spar

e B
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http://upload.wikimedia.org/wikipedia/commons/c/c8/Rasmus_bartholin.jpg
http://upload.wikimedia.org/wikipedia/fr/6/60/Christiaan_huygens.jpg
http://upload.wikimedia.org/wikipedia/commons/7/79/Etienne-Louis_Malus.jpg

Non Exhaustive Chronological List of
the Main Pionners who contributed to the discovery
of Polarization leading to Radar Polarirnetry

Brewster

Fresnel

Farad ay

Helmholtz

Rayleigh

K|rchhoff
« Transverse » nature 1873 f \ %
) %'
of light waves 1881 ’ \
Electromagnetic 1881
theory of light 1883
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http://upload.wikimedia.org/wikipedia/commons/1/1a/Dbrewster.jpg
http://upload.wikimedia.org/wikipedia/commons/0/02/Augustin_Fresnel.jpg
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http://upload.wikimedia.org/wikipedia/commons/2/28/John_William_Strutt.jpg
http://upload.wikimedia.org/wikipedia/commons/c/ce/Gustav_R._Kirchhoff.jpg

Non Exhaustive Chronological List of
the Main Pionners who contributed to the discovery
of Polarization leading to Radar Polarirnetry

Brewster

Fresnel

Faraday
Stokes

Maxwell

Helmholtz

Rayleigh

1832 '

ﬂi\‘.«. =
1852

Kirchhoff

if‘!
N

A

1883

Sommerfeld

Poincaré
1881

Lorentz

Wiener


http://upload.wikimedia.org/wikipedia/commons/1/1a/Dbrewster.jpg
http://upload.wikimedia.org/wikipedia/commons/0/02/Augustin_Fresnel.jpg
http://upload.wikimedia.org/wikipedia/commons/5/5c/Faraday_Cochran_Pickersgill.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e3/SS-stokes.jpg
http://upload.wikimedia.org/wikipedia/commons/5/57/James_Clerk_Maxwell.png
http://upload.wikimedia.org/wikipedia/commons/c/c7/Hermann_von_Helmholtz.jpg
http://upload.wikimedia.org/wikipedia/commons/2/28/John_William_Strutt.jpg
http://upload.wikimedia.org/wikipedia/commons/c/ce/Gustav_R._Kirchhoff.jpg
http://upload.wikimedia.org/wikipedia/commons/5/50/Heinrich_Rudolf_Hertz.jpg
http://upload.wikimedia.org/wikipedia/commons/0/01/Paul_Drude.jpg
http://upload.wikimedia.org/wikipedia/en/d/d4/Sommerfeld.gif
http://upload.wikimedia.org/wikipedia/commons/4/4d/Norbert_wiener.jpg
http://upload.wikimedia.org/wikipedia/commons/0/0d/Guglielmo_Marconi.jpg
http://upload.wikimedia.org/wikipedia/commons/3/3d/Lie.jpg

Non Exhaustive Chronological List of
the Main Pionners who contributed to the discovery
of Polarization leading to Radar Polarimetry

1954
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http://upload.wikimedia.org/wikipedia/commons/f/f7/Max_Born.jpg
http://upload.wikimedia.org/wikipedia/commons/4/43/Wolfgang_Pauli_young.jpg

Non Exhaustive Chronological List of
the Main Pionners who contributed to the discovery
of Polarization leading to Radar Polarimetry

Kennaugh

4

Huynen

4 W. M. Boerner

1952

The
Radar Polarimetric
Triptych

#E. Pottier



Non Exhaustive Chronological L
the Main Pionners who contributed to the discovery
of Polarization leadinc

Kennaugh

4

Huynen

7

W. M. Boerner

1952

@

P. Dubois v, yamaguchi

i980
1990 - 2000

Radar Polarimetry

Scieniific Progress




Polarimetric Radar (SAR)

#E. Pottier



SEASAT ERS-1 J-ERS-1
NASA/JPL (USA) European Space Agency (ESA) Japanese Space Agency (NASDA)

L-Band, 1992-1998

L-Band, 1978

- l.? . = h‘ — 'f*i*"’f--:.ﬁ
RadarSAT-1 Shuttle Radar Topography Mission
Canadian Space Agency (CSA) European Space Agency (ESA) NASA/JPL (C-Band), DLR (X-Band)

C-Band, 199

#E. Pottier
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Space-borne Sensors
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Space-borne PolSAR Sensors

ENVISAT - ASAR

October 2001
C-Band (Sngl / Dual Inc)

#E. Pottier
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Space-borne PolSAR Sensors
COSMO - SkyMed

June 2007, Dec. 2007
Oct. 2008, Nov.



Space-borne PolSAR Sensors

TerraSAR - X

June 2007
X-Band (Sngl / Twin HH-VV / Quad Exp.)

# EADS
oilR ASTRIUM



Space-borne PolSAR Sensors
RISAT-1A

26 April 2012
C-Band (Sngl, Dual, Hybrid)
Operational since 2015
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Space-borne PolSAR Sensors

SENTINEL - 1A

S1A : April 2014 S1B : April 2016
C-Band (Sngl, Dual

. Pottier (06/2017



Rennes
Britanny
France
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Space-borne PolSAR Sensors

SAOCOM - SAR-L RADARSAT Constellation
Mission (RCM)

1A: 2017 1B : 2018 1A: 2017 1B/1C: 2018
2A 1 2019 2B : 2020 C-Band (Sngl, Dual, Hybrid)
L-Band (Sngl, Dual, Twin HH-VV) Revisit : 4 days

Revisit : 4 days

#E. Pottier



Scatiering Polarirnetry

TRANSMITTER: X&Y

il il
RECEIVERS: X &Y &* /SYX/
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Space-borne Sensors
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Space-porne Sensors
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Space-borne PolSAR Sensors

SIR-C / X-SAR

April 1994
L- and C-Band (Quad)
X-Band (Sngl)

#E. Pottier



Space-borne PolSAR Sensors

ALOS - PALSAR

January 2006
L-Band (Sngl / Twin / Quad)

e ——
,_\._g;'__‘_\““:
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Space-borne PolSAR Sensors

RADARSAT -2

Apence spatiale
canadienna

December 2007
C-Band (Quad)

#E. Pottier (06/2017



N~
«—
o
N
~
(<]
o
L
()
=
=
o)
o
LLI
H




ﬁ

Space-borne PolSAR Sensors

May 2014
L-Band (Quad




Space-borne PolSAR Sensors
Chang Zheng-4C - GaoFen-3 (GF-3)
Long March-4C - High Resolution-Su

o 35

-ER: :-"'?,ép-'i;-,.-
2y e
)

August 2016
C-Band (Quad)



Space-borne PolSAR Sensors
COSMO - SkyMed - CSG Earth Explorer - BIOMASS

2A : 2018 2B : 2019 2021
X-Band (Sngl / Dual / Quad Exp.) P-Band (Quad)
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Space-borne PolSAR Sensors
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What About
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ESA PolSARpro Toolbox

The Polarimetric SAR Data Processing
and Educational Toolbox

#E. Pottier



£SA PolSARpro Tooloox
arimetric data cessing and educational toolbox

ESA funded project since

registered users / foreign countries
specifically designed to handle : , and data
offering a tool for in the field of

data processing and analysis

: space agencies (4), research centres (14) and
universities (19).

: AIRSAR, CONVAIR, ESAR, EMISAR, FSAR, PISAR, SATHI, UAVSAR.
: ALOS1, ALOS2, COSMO-Skymed, RADARSAT-2, RISAT,

AN®




ESA PolSARpro Toolbox

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

e Details of the project

~  Download and Installation ~ = Documentation ~ Results & News ~

share | [[1

_ARprOVersion4.2 _ Latest News ‘i'. Access to the tUtoriaI
- and software

e Information about status
of the development

e Demonstration Sample
Datasets




ESA PolSARpro Toolbox

ESA & third party fully polarimetric SAR missions (PolSARpro-Bio)

> POLSARPRO BIO,,

BIOMASS .C. SAOCOM-CS

New functionalities : Pol-SAR, Pol-TomSAR and Pol-TimeSAR / Cloud-based
infrastru




Learning / Training

Next P.I| Generations

227272277




Books On Polarirnetric Radar
SAR, Polarimetric Interferometry

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

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

ISBN: 978-1420054972

JENE-SIN LLE LRIQ FETTIER
— - TR

Polarisation: Applications in Remote Sensing
Shane R. CLOUDE

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

#E. Pottier
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Books On Polarirnetric Racdar
SAR, Polarirnetric Interferometry

S

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

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

ISBN: 978-1420054972

Prof. Wen HONG, Dr. Qiang YIN et al.

e Polarisation: Applications in Remote Sensing
T Shane R. CLOUDE
Maﬂ:ﬁf{*‘ Oxford University Press, October 2009, pp 352
Shpnsi AN ISBN: 978-0199569731

C 3R P SCiFiE )
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BASIC CONCEPTS
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L7 SCATTERING POLARIMETRY
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© Google Earth
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N POLARIMETRIC DESCRIPTORS
[S] SINCLAIR Matrix
[S]=|:SHH Sij|
SVH SW

TRANSMITTER: H&V K Target Vector
RECEIVERS: H&V .
[T] 3x3 COHERENCY Matrix
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P COHERENCY MATRIX

TARGET VECTOR k

1 T
Kzﬁ[SHH +Sw  Shn —Sw 2Shv]

{

4 COHERENCY MATRIX [T] A
2A, C-jD H+jG]
[T]=k-kKT=|C+jD By+B E+jF
H-jG E-jF By,-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
ADVANCED LAND REMOTE SENSING INTERNATIONAL TRAINING COURSE “Teitkl4” HRbEhE R FRE )
20175118208—118258 =@IHeX%, +E, BB
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LZNM  TARGET GENERATORS

PHYSICAL INTERPRETATION

SINGLE BOUNCE DOUBLE BOUNCE VOLUME

SCATTERING SCATTERING SCATTERING
(ROUGH SURFACE)

T, =B+ B=‘Sxx _Sw‘2
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POLARIMETRIC
REMOTE SENSING
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POL-SAR PROCESSING
PHENOMENOLOGIC
QUALITATIVE ANALYSIS

J

By

POLARIMETRIC
SPECKLE
FILTERING

POLARIMETRIC
TARGET
DECOMPOSITION

POLARIMETRIC
CLASSIFICATION

MONO/DUAL CHANNELS
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POLARIMETRIC

SPECKILE FILTERING
An Introduchion
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OBSERVATION POINT

SURFACE ROUGHNESS
WAVELENGTH
SCATTERING FROM DISTRIBUTED
SCATTERERS

\ 4

COHERENT INTERFERENCES OF WAVES
SCATTERED FROM MANY RANDOMLY
DISTRIBUTED ELEMENTARY SCATTERERS
INSIDE THE RESOLUTION CELL

\ 4

GRANULAR NOISE

\ 4

SPECKLE PHENOMENON
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Lz ¥ SPECKLE FILTERING dcesa

SPECKLE PHENOMENON

}

DISTORTION OF THE INTERPRETATION

SPECKLE FILTERING

i .

B0 e

T TR R et
HOMOGENEOUS AREA HETEROGENEOUS AREA
;.méf"* - -
ki ,g" . ﬁ :‘%.“-:‘
sk
SPECKLE REDUCTION DETAILS PRESERVATION
(RADIOMETRIC RESOLUTION) (SPATIAL RESOLUTION)
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SAN FRANCISCO BAY JPL - AIRSAR L-band 1988

BoxCar Filter
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SAN FRANCISCO BAY JPL - AIRSAR L-band 1988

J.S. Lee, D.L. Schuler, T.L. Ainsworth, M.R. Grunes, E Pottier, L. Ferro-Famil, "Scattering Model Based Speckle
Filetring of Polarimetric SAR Data“ IEEE — TGRS, vol 1, January 2006
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TARGET DECOMPOSITIONS K €
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N andlthanddhass
[Tz] [T5] [T ]
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DISTRIBUTED
TARGET
or
AVERAGED
TARGET

[T1]

[ DECOMPOSITION

THEOREM MEAN TARGET
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POL-SAR PROCESSING
PHENOMENOLOGIC
QUALITATIVE ANALYSIS

-
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POLARIMETRIC POLARIMETRIC POLARIMETRIC
SPECKLE TARGET CLASSIFICATION
FILTERING DECOMPOSITION MONO/DUAL CHANNELS
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[S] [T]

(= W /
COHERENT
EIGENVECTORS BASED MODEL BASED
= K?BSSGER DECOMPOSITION DECOMPOSITION
W.L. CAMERON S.R. CLOUDE A.J. FREEMAN - S.L. DURDEN (1992)
(1990) (19?5) Y. YAMAGUSHI (2005 - 2012), AN (2010)
- J W.A. HOLM
[K ] (1988) EIGENVECTORS / EIGENVALUES ANALYSIS
&
(_ ) MODEL BASED DECOMPOSITION
TARGET
J.J. VAN ZYL (1992-2008), M. ARII (2010)
TSVM (R. TOUZI — 2007)
J.R. HUYNEN
ENTROPY / ANISOTROPY
R.M. BARNES
(1988)

S.R. CLOUDE - E. POTTIER
ADVANCEN | ANN DEMNTE cENCING INTERNATIONAL TRAJ (1996-1997) PeitRIA” R R )
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TARGET VECTOR Kk

_1[
2

1< a1
LOCAL ESTIMATE OF _ T _
THE COHERENCY MATRIX [Th= Ni;Ki ki = N;[Ti]

EIGENVECTORS / EIGENVALUES ANALYSIS

I M4 0 o]f T
<[T ]> = [UB][Z][U3]_1 =|U; U, U3|| O i2 O |lU; U, Us
i 110 0 A ] |
ORTHOGONAL REAL EIGENVALUES
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2 POLSARPRO V. 5.1

The Polarimetric SAR Data Processing and Educational Tool

http://earth.esa.int/polsarpro

www.esa.int European Space Agency

PolSARpro v5.1 Software
Training Course
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