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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



The POLARISATION information
Contained in the waves backscattered 

from a given medium is highly related to:

Radar Polarimetry
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its geometrical structure
reflectivity, shape and orientation

its geophysical properties such as humidity, roughness, …

SAR Polarimetry Applications

E. Pottier – 01 / 13
Courtesy of Dr. I. Hajnsek

A Bit Of History
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Radar Polarimetry



Discovery of the Phenomena of 
Polarized Electromagnetic Energy

AD 1000
Use of the polarized
skylight to locate a

hidden sun
1669

First known
Quantitative work 1677

W t

Corpuscular model or
« longitudinal » waves

on light observation Wave nature
of light discovery

Explanation of the
double refraction

1808
Discovery of the 

polarization of light
( intrinsic property
of light and not of

crystals)

1704
Corpuscular

Model of light
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Crystal of calcite
Iceland Spar

Sunstone Huygens

Malus
X-1795

Bartholinus

Discovery of the double
refraction in calcite Newton

Non Exhaustive Chronological List of 
the Main Pionners who contributed to the discovery

of Polarization leading to Radar Polarimetry

Brewster

Fresnel

Faraday 

Stokes 

Maxwell 

Helmholtz

Rayleigh

Kirchhoff

1816
1820

1832

1852

1873
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1873

1881

1881

1883

« Transverse » nature
of light waves

Electromagnetic
theory of light

Non Exhaustive Chronological List of 
the Main Pionners who contributed to the discovery

of Polarization leading to Radar Polarimetry

Hertz

Drude

Sommerfeld

Poincaré 

Wiener

Marconi
Lorentz 

Lie 

1897

1892

1896

1889

1886
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1928

1922
1908

1897



Pauli
Deschamp

Non Exhaustive Chronological List of 
the Main Pionners who contributed to the discovery

of Polarization leading to Radar Polarimetry

Wolf 

Born 

1954

1954

Deschamp

1950

1951
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Kennaugh

1952

Kennaugh
Huynen 

W M Boerner

Non Exhaustive Chronological List of 
the Main Pionners who contributed to the discovery

of Polarization leading to Radar Polarimetry

1952

W. M. Boerner

1970

1980

The
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The
Radar Polarimetric

Triptych

Kennaugh
Huynen 

W M Boerner

Non Exhaustive Chronological List of 
the Main Pionners who contributed to the discovery

of Polarization leading to Radar Polarimetry

1952

W. M. Boerner

1970

1980

1990 - 2000

J.J. Van Zyl A. Freeman R. Touzi

T. Ainsworth

C. Lopez

J.S. Lee

Y. Yamaguchi

E. PottierS.R. Cloude
P. Dubois
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1990 2000
Radar Polarimetry
Scientific Progress

H. Mott

Z. Czyz

E. Lueneburg

K. Papathanassiou J.C. Souyris

Y.L. DesnosA. Moreira

E. Krogager

I. Hajnsek
T. Le Toan



Polarimetric SAR
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Airborne Sensors

Airborne PolSAR Sensors

DOSAR
EADS / Dornier GmbH (D)

DO 228 (89), C160 (98), G222 (00)
S, C, X-Band (Quad), Ka-Band (VV)

AIRSAR
NASA / JPL (USA)

DC8
P, L, C-Band (Quad)

AES1
InterMap Technologies (D)

GulfStream Commander
X-Band (HH), P-Band (Quad)

AuSAR - INGARA
D.S.T.O (Aus)

DC3 (97) KingAir 350 (00) Beach 1900C
X-Band (Quad) S, C, X Band (Quad), Ka Band (VV)P, L, C Band (Quad)X Band (HH), P Band (Quad)

EMISAR
DCRS (DK)
G3 Aircraft

L, C-Band (Quad)

ESAR
DLR (D)
DO 228

P, L, S-Band (Quad)
C, X-Band (Sngl)

MEMPHIS / AER II-PAMIR
FGAN (D)

Transal C160
Ka, W-Band (Quad) / X-Band (Quad)

STORM
UVSQ / CETP (F)

Merlin IV
C-Band (Quad)

X Band (Quad)
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PISAR
NASDA / CRL (J)

GulfStream
L, X-Band (Quad)

PHARUS
TNO - FEL (NL)

CESSNA – Citation II
C-Band (Quad)

RAMSES
ONERA (F)

Transal C160
P, L, S, C, X, Ku, Ka, W-Band (Quad)

SAR580
Environnement Canada (CA)

Convair CV-580
C, X-Band (Quad)

AIRSAR

Airborne PolSAR Sensors

AIRSAR
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© Google Earth    
San Francisco Bay (1988) – (L-Band)



AIRSAR

Airborne PolSAR Sensors
Tx Rx
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© Google Earth    
San Francisco Bay (1988) – (L-Band)

|HH|dB

AIRSAR

Airborne PolSAR Sensors
Tx Rx
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© Google Earth    
San Francisco Bay (1988) – (L-Band)

|VV|dB

AIRSAR

Airborne PolSAR Sensors
Tx Rx
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San Francisco Bay (1988) – (L-Band)

|HV|dB

© Google Earth    



Tx Rx Tx Rx Tx Rx

AIRSAR

Airborne PolSAR Sensors
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-15dB 0dB-30dB

|HH|dB |HV|dB |VV|dB

AIRSAR

Airborne PolSAR Sensors
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|HH+VV|            |HV | |HH-VV|© Google Earth    
San Francisco Bay (1988) – (L-Band)

TopoSAR (AeS-1)
InterMAP

GullStream Commander

IECAS
IECAS - MOTL (C)

Upcoming Airborne PolSAR Sensors

GullStream Commander
P, L-Band (Quad) P, X-Band (Quad)
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SETHI
ONERA (F)
Mystere 20

Upcoming Airborne PolSAR Sensors

y
P, L, S, C, X (Quad - Pol)
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P-Band Quad-Pol
B=70MHz

(P-Vh, X-Hh, L-Vh)

FSAR
DLR (G)
DO 228

S-Band

Upcoming Airborne PolSAR Sensors

S, X (Quad - Pol)
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(HH-VV, HV, HH+VV)

UAVSAR
Gulf-Stream III
L (Quad - Pol)

Salton Sea – California ( March 2008 )

Upcoming Airborne PolSAR Sensors

( )
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(HH-VV, HV, HH+VV)



Polarimetric SAR
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Spaceborne Sensors

Space-borne Sensors

SEASAT
NASA/JPL (USA)

L-Band, 1978

ERS-1
European Space Agency (ESA)

C-Band, 1991-2000

SIR-C/X-SAR
NASA/JPL, L- and C-Band (quad) 

DLR / ASI, X-band
April and October 1994

J-ERS-1
Japanese  Space Agency (NASDA)

L-Band, 1992-1998 April and October 1994

RadarSAT-1
Canadian Space Agency (CSA)

C-Band, 1995-today
ERS-2

European Space Agency (ESA)
C-Band, 1995-today

Shuttle Radar Topography Mission (SRTM)
NASA/JPL (C-Band), DLR (X-Band)

February 2000

ENVISAT / ASAR
European Space Agency (ESA)

C-Band (dual), 2002-today
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ALOS / PALSAR
Japanese  Space Agency (JAXA)

L-Band (quad), 2006

TerraSAR-X
German Aerospace Center (DLR) / Astirum

X-Band (dual), 2007

RadarSAT-II
Canadian Space Agency (CSA)

C-Band (quad), 2007

COSMO-SkyMed
Italian Space Agency (ASI)

X-Band, 2007

Space-borne Sensors

SEASAT
NASA/JPL (USA)

L-Band, 1978

ERS-1
European Space Agency (ESA)

C-Band, 1991-2000

SIR-C/X-SAR
NASA/JPL, L- and C-Band (quad) 

DLR / ASI, X-band
April and October 1994

J-ERS-1
Japanese  Space Agency (NASDA)

L-Band, 1992-1998 April and October 1994

RadarSAT-1
Canadian Space Agency (CSA)

C-Band, 1995-today
ERS-2

European Space Agency (ESA)
C-Band, 1995-today

Shuttle Radar Topography Mission (SRTM)
NASA/JPL (C-Band), DLR (X-Band)

February 2000

ENVISAT / ASAR
European Space Agency (ESA)

C-Band (dual), 2002-today
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ALOS / PALSAR
Japanese  Space Agency (JAXA)

L-Band (quad), 2006

TerraSAR-X
German Aerospace Center (DLR) / Astirum

X-Band (dual), 2007

RadarSAT-II
Canadian Space Agency (CSA)

C-Band (quad), 2007

COSMO-SkyMed
Italian Space Agency (ASI)

X-Band, 2007
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TRANSMITTER: X
RECEIVER: X

{{{{ }}}}XXS

XX XX XX XX

BACKSCATTERING
COEFFICIENT

NO POLARIMETRY

T

RX
AX

AY

Wave Polarimetry

RY

S

XXS

S

XXS

S

XXS

S

XXS

X X X X
T

RX

RY
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TRANSMITTER: X
RECEIVERS: X & Y

====
YX

XX
S S

S
E

YXS YXS YXS YXS

JONES VECTORS

WAVE POLARIMETRY

Space-borne PolSAR Sensors

SEASAT
NASA/JPL (USA)

L-Band, 1978

ERS-1
European Space Agency (ESA)

C-Band, 1991-2000

SIR-C/X-SAR
NASA/JPL, L- and C-Band (quad) 

DLR / ASI, X-band
April and October 1994

J-ERS-1
Japanese  Space Agency (NASDA)

L-Band, 1992-1998 April and October 1994

RadarSAT-1
Canadian Space Agency (CSA)

C-Band, 1995-today
ERS-2

European Space Agency (ESA)
C-Band, 1995-today

Shuttle Radar Topography Mission (SRTM)
NASA/JPL (C-Band), DLR (X-Band)

February 2000

ENVISAT / ASAR
European Space Agency (ESA)

C-Band (dual), 2002-today
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TerraSAR-X
German Aerospace Center (DLR) / Astirum

X-Band (dual), 2007

ALOS / PALSAR
Japanese  Space Agency (JAXA)

L-Band (quad), 2006

RadarSAT-II
Canadian Space Agency (CSA)

C-Band (quad), 2007

COSMO-SkyMed
Italian Space Agency (ASI)

X-Band, 2007
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[[[[ ]]]] ====
YY

XY

YX

XX

S
S

S
S

S

YXS YYS YXS YYS

SINCLAIR MATRICES

SCATTERING POLARIMETRY

TRANSMITTER: X & Y
RECEIVERS: X & Y

Space-borne PolSAR Sensors

SEASAT
NASA/JPL (USA)

L-Band, 1978

ERS-1
European Space Agency (ESA)

C-Band, 1991-2000

SIR-C/X-SAR
NASA/JPL, L- and C-Band (quad) 

DLR / ASI, X-band
April and October 1994

J-ERS-1
Japanese  Space Agency (NASDA)

L-Band, 1992-1998 April and October 1994

RadarSAT-1
Canadian Space Agency (CSA)

C-Band, 1995-today
ERS-2

European Space Agency (ESA)
C-Band, 1995-today

Shuttle Radar Topography Mission (SRTM)
NASA/JPL (C-Band), DLR (X-Band)

February 2000

ENVISAT / ASAR
European Space Agency (ESA)

C-Band (dual), 2002-today
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ALOS / PALSAR
Japanese  Space Agency (JAXA)

L-Band (quad), 2006

TerraSAR-X
German Aerospace Center (DLR) / Astirum

X-Band (quad), 2007

RadarSAT-II
Canadian Space Agency (CSA)

C-Band (quad), 2007

COSMO-SkyMed
Italian Space Agency (ASI)

X-Band, 2007

ALOS - PALSAR
January 2006

L-Band (Sngl / Twin / Quad)

Space-borne PolSAR Sensors
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ALOS : Advanced Land Observing Satellite
PALSAR : Phase Array L-Band SAR



TerraSAR - X

Space-borne PolSAR Sensors
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June 2007
X-Band (Sngl / Twin / Quad ?)

RADARSAT - 2 December 2007
C-Band (Quad)

Space-borne PolSAR Sensors
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What About The Future ?
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From Tomorrow …



RISAT

Future Space-Borne PolSAR
Pol-InSAR Sensors

Sentinel – 1

BIOMASS

ALOS – 2 

RCM 

SAOCOM
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……

TanDEM–L – DESDynil 

What About
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Software / Toolbox ?

PolSARpro v5.0
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PolSARpro v5.0
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Learning / Training

Next P.I Generations
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Polarimetric Radar Imaging: From basics to applications

Books On Polarimetric Radar
SAR, Polarimetric Interferometry

Jong-Sen LEE – Eric POTTIER
CRC Press; 1st ed., February 2009, pp 422
ISBN: 978-1420054972 

Polarisation: Applications in Remote Sensing
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Polarisation: Applications in Remote Sensing
Shane R. CLOUDE
Oxford University Press, October 2009, pp 352
ISBN: 978-0199569731

Questions ?
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WAVE POLARIMETRY
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A : WAVE AMPLITUDE
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POLARISATION HANDENESS

ROTATION SENSE: LOOKING INTO THE DIRECTION OF THE WAVE PROPAGATION
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ANTI-CLOCKWISE ROTATION CLOCKWISE ROTATION

LEFT HANDED POLARISATION RIGHT HANDED POLARISATION

ELLIPTICITY ANGLE : τELLIPTICITY ANGLE : τ
44
ππππττττππππ ≤≤≤≤≤≤≤≤−−−−

REAL ELECTRIC FIELD VECTOR

(((( ))))
(((( ))))
(((( ))))−−−−−−−−====

−−−−−−−−====
====

0E
kztcosEE
kztcosEE

t,zE yy0y

xx0x

δδδδωωωω
δδδδωωωω

====
====

====
y

x

j
oyy

j
oxx

eEE
eEE

E δδδδ

δδδδ
PHASOR = JONES VECTOR

JONES VECTOR

==== 0Ez

GEOMETRICAL PARAMETERS

ABSOLUTE PHASE

xδδδδαααα ==== 2
y0

2
x0 EEA ++++====

AMPLITUDE

(((( )))) (((( ))))−−−−ℜℜℜℜ==== kztjeEt,zE ωωωω
With: 

E.Pottier
(2013)

δδδδφφφφ cos
EE

EE
22tan 2

y0
2
x0

y0x0

−−−−
====

y

δδδδττττ sin
EE

EE
22sin 2

y0
2
x0

y0x0

++++
====

ORIENTATION ANGLE ELLIPTICITY ANGLE

POLARISATION HANDENESS: Sign(ττττ)

Special Unitary Matrices Group and Jones Vector

JONES VECTOR

++++
−−−−

====
====
====

====
)sin()cos(j)cos()sin(
)sin()sin(j)cos()cos(jAe

eEE
eEE

E
y

x

j
oyy

j
oxx
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HORIZONTAL POLARISATION STATE
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ORTHOGONALITY CONDITIONS
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PARTIALLY POLARISED WAVES

RANDOM SCATTERINGDETERMINISTIC SCATTERING
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PARTIALLY POLARISED WAVECOMPLETELY POLARISED WAVE

Polarisation Ellipse varies in time
Amplitude, Phase: Random processes

STATISTICAL DESCRIPTION

PARTIALLY POLARISED WAVES

WAVE COVARIANCE MATRIX
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