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RADAR POLARIMETRY

Objective
To provide

the minimum, but necessary,

amount of knowledge required

to understand

scientific works on 

Radar Polarimetry



E.P (2019)

Practicals

CONTENT



E.P (2019)

0

x

y
( )

E z t,

z

DATASETS



E.P (2019)

© Google Earth    

SAN FRANCISCO BAY

AIRSAR
DC8

P, L, C-Band (Quad)



E.P (2019)

|HH+VV|            |HV| |HH-VV|
T11=2A0 T33=B0-B T22=B0+B

© Google Earth    

SAN FRANCISCO BAY



E.P (2019)

© Google Earth    

SAN FRANCISCO BAY

ALOS - PALSAR
L-Band (Quad)



E.P (2019)

SAN FRANCISCO BAY

Courtesy of Dr Don Artwood (ASF)



E.P (2019)

0

x

y
( )

E z t,

z

SUMMARY



E.P (2019)

T

RX
AX

RY

AY

[ ]
















=

YY

XY

YX

XX

S
S

S
S

S

YXS

XXS

YYS

XYS

YXS

XXS

YYS

XYS

X Y X Y
T

RX

RY

SINCLAIR MATRICES

SCATTERING POLARIMETRY

SCATTERING POLARIMETRY

TRANSMITTER: X & Y
RECEIVERS: X & Y



E.P (2019)

-15dB 0dB-30dB

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

Tx Rx Tx Rx Tx Rx

SCATTERING POLARIMETRY



E.P (2019)

|HH|            |HV| |VV|

Sinclair Color Coding

© Google Earth    

SCATTERING POLARIMETRY



E.P (2019)

THE DIFFERENT 
TARGET POLARIMETRIC

DESCRIPTORS

[S] SINCLAIR Matrix
k, Ω Target Vectors
[K] KENNAUGH Matrix
[T] Coherency Matrix
[C] Covariance Matrix

POLARIMETRIC DESCRIPTORS

TRANSMITTER: X & Y
RECEIVERS: X & Y



E.P (2019)

THE DIFFERENT 
TARGET POLARIMETRIC

DESCRIPTORS

[S] SINCLAIR Matrix
[K] KENNAUGH Matrix
k, Ω Target Vectors
[T] Coherency Matrix
[C] Covariance Matrix

POLARIMETRIC DESCRIPTORS

STATISTICAL DESCRIPTION

PARTIAL SCATTERING POLARIMETRY

TRANSMITTER: X & Y
RECEIVERS: X & Y



E.P (2019)

[ ]
















−−−
+++
+−

=⋅=
BBjFEjGH

jFEBBjDC
jGHjDCA2

kkT

0

0

0
T*

HERMITIAN POSITIVE SEMI-DEFINITE MATRIX  - RANK  1

COHERENCY MATRIX

[ ]TXYYYXXYYXX S2SSSS
2

1k −+=

HUYNEN TARGET GENERATORS

MONOSTATIC CASE

COHERENCY MATRIX [T]

PAULI SCATTERING VECTOR k

2
YYXX011 SSA2T +== 2

YYXX022 SSBBT −=+=
2

033 2 XYSBBT =−=



E.P (2019)
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(H,V) POLARISATION BASIS
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POLARIMETRIC SPECKLE FILTERING  IS NOT AN EXACT SCIENCE
SUBJECTIVE, IMAGE DEPENDENT

Quantitative Criteria (J.S. Lee - IGARSS 98)

Speckle Reduction (E.N.L)

Edge Sharpness Preservation

Line and Point Target Contrast Preservation

Retention of Mean Values in Homogeneous Regions

Retention of Texture Information

Retention of Polarimetric Information (co, cross-correlations)

Computational Efficiency

Implementation Complexity

THE POLARIMETRIC SPECKLE LEE FILTER
IS TODAY A GOOD COMPROMISE

POLSAR SPECKLE FILTERING
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THE  H / A / α POLARIMETRIC
TARGET DECOMPOSITION THEOREM

S.R. CLOUDE - E. POTTIER (1995 - 1996)
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TARGET DECOMPOSITION
FOR TARGETS

WITH REFLECTION SYMMETRY

MODEL BASED DECOMPOSITION

A. FREEMAN – S. DURDEN (1992)
MODEL BASED DECOMPOSITION

A. Freeman and S.L. Durden, “A Three-Component Scattering Model for Polarimetric SAR Data” 
IEEE TGRS, vol. 36, no. 3, May 1998
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VOLUME SCATTERING
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TARGET DECOMPOSITION
FOR TARGETS

WITHOUT REFLECTION SYMMETRY

MODEL BASED DECOMPOSITION

Y. YAMAGUCHI et al. (2005 - 2013)
MODEL BASED  - 4 COMPONENTS DECOMPOSITION
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Yamaguchi Y., Moriyama T., Ishido M. and Yamada H., “Four-Component Scattering Model for 
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ROBUSTENESS OF WISHART CLASSIFIER
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Unsupervised Classification
Preserving Scattering Mechanisms

J.S. Lee, M.R. Grunes, E. Pottier and L. Ferro-Famil,“Segmentation of polarimetric SAR images that preserves scattering mechanisms” 
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Wishart Iteration – After Class Merge

First Iteration Second Iteration Third Iteration

Note: Stability insures good convergence

Classification Maps
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FREEMAN - WISHART CLASSIFIER
Courtesy of Dr J.S Lee
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4th Iteration (15 classes)

Courtesy of Dr J.S Lee
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