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RADAR POLARIMETRY

Objective
To provide

the minimum, but necessary,

amount of knowledge required

to understand

scientific works on 

Radar Polarimetry
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SAN FRANCISCO BAY

Courtesy of Dr Don Artwood (ASF)
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TARGET POLARIMETRIC
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PHYSICAL INTERPRETATION

SINGLE BOUNCE
SCATTERING

(ROUGH SURFACE)

DOUBLE BOUNCE
SCATTERING

VOLUME
SCATTERING

TARGET GENERATORS 
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(H,V) POLARISATION BASIS

|HH+VV|            |HV | |HH-VV|

TARGET GENERATORS 
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(H,V) POLARISATION BASIS

|HH+VV|            |HV | |HH-VV|© Google Earth    

ELLIPTICAL BASIS TRANSFORMATION
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|AA+BB|            |AB | |AA-BB|

(+45°,-45°) POLARISATION BASIS

With: A=Linear +45°, B=Linear –45°
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ELLIPTICAL BASIS TRANSFORMATION
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(LC,RC) POLARISATION BASIS
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ELLIPTICAL BASIS TRANSFORMATION
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POLARIMETRIC TARGET DIMENSION

POLARIMETRIC GOLDEN NUMBER

TARGET EQUATIONS
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POL-SAR PROCESSING
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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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AVERAGED PARAMETERS
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MODEL BASED

DECOMPOSITIONS
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(1992)
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(2005 - 2018)

And others …
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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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MODEL BASED DECOMPOSITION
Y4O



E.P (2019)
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MODEL BASED DECOMPOSITION
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G. Singh, Y. Yamaguchi, S.E. Park, Y. Cui, H. Kobayashi, « Hybrid 
Freeman/Eigenvalue Decomposition Method With Extended Volume 
Scattering Model » IEEE GRS Letters, vol. 10, no. 1, January 2013.

G. Singh, Y. Yamaguchi, S.E. Park, « General Four-Component Scattering
Power Decomposition With Unitary Transformation of Coherency Matrix » 
IEEE TGRS vol. 51, no. 5, May 2013.

A. Sato, Y. Yamaguchi, G. Singh, and S.-E. Park, “4-component scattering 
power decomposition with extended volume scattering model”, IEEE GRS 
Letters, vol. 9, no. 2, pp. 166–170, March 2012.

Y. Yamaguchi, A. Sato, W.M. Boerner, R. Sato, H. Yamada, “4-component 
scattering power decomposition with rotation of coherency matrix”, IEEE 
TGRS vol. 49, no. 6, June 2011.

MODEL BASED DECOMPOSITION
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G4U2

MODEL BASED DECOMPOSITION
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ODD DBL VOL0A2 BB0 + BB0 −

MODEL BASED DECOMPOSITION
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TARGET DECOMPOSITION
FOR TARGETS

WITHOUT REFLECTION SYMMETRY

(2015 - 2017)
MODEL BASED  - 4 / 5 / 6 COMPONENTS DECOMPOSITION

MODEL BASED DECOMPOSITION
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F. XU, Y.Q. JIN, “Deorientation theory of Polarimetric scattering targets and 
application to terrain surface classification”, IEEE TGRS Vol 43, n° 10, October
2015.

A. BHATTACHARYA, A. FRERY, “Modifying the Yamaguchi 4-component 
decomposition scattering powers using a stochastic distance”, IEEE 
JSTARS, vol. 8, pp 3497-3506, July 2015.

B. ZOU, D. LU, L. ZHANG, W.M. Moon, « Eigen-decomposition-based Four 
Component Decomposition for PoSAR Data". IEEE JSTARS, vol. 9, pp 1286-
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H. AGHABABAEE, M. Reza SAHEBI, "Incoherent Target Scattering 
Decomposition of Polarimetric SAR Data Based on Vector Model Roll-Invariant 
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G. SINGH, Y. YAMAGUCHI, “Model-based Six-Component Scattering Matrix 
Power Decomposition”, IEEE TGRS Vol 56, n° 10, October 2018.

MODEL BASED DECOMPOSITION
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ODD DBL VOL0A2 BB0 + BB0 −
Singh decomposition – 6 components

MODEL BASED DECOMPOSITION
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POLSAR

CLASSIFICATION
S.R. CLOUDE, E.POTTIER (1996)
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0A2 BB0 + BB0 −

H - α classification

H / α CLASSIFICATION 
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0A2 BB0 + BB0 −

H – α (λ) classification

H / α / span  CLASSIFICATION 
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H / α CLASSIFICATION 
H / α Classification Space

Sub-divised into 9 basic zones

Location of the boundaries 
is arbitrary and generically

Degree of arbitrariness on the
setting of these boundaries

Segmentation is offered merely 
to illustrate the unsupervised
classification strategy and to 

emphasize the geometrical
segmentation of physical scattering

processes

H-α classification
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UNSUPERVISED
POLSAR

CLASSIFICATION
E.POTTIER, J.S LEE (2000)
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PolSAR TERRAIN and LAND-USE
CLASSIFICATION

J.S. Lee, M. R. Grunes and R. Kwok,” Classification of Polarimetric SAR Images Based on the Complex 
Wishart Distribution,” Int. J. Remote Sensing, vol.32, No. 5, Sept. 1994.

J.S. Lee, M. R. Grunes and E. Pottier, “Quantitative Comparison of Classification Capability: 
Fully polarimetric versus Dual- and Single polarization SAR,” IEEE TGRS, November 2002

E. Pottier and J.S. Lee, “Application of the « H / A / α » polarimetric decomposition theorem for 
unsupervised classification of fully polarimetric SAR data based on the Wishart distribution” 
Proceedings of EUSAR2000

J.S. Lee, M.R. Grunes, T.L. Ainsworth, L. Du, D.L. Schuler, and S.R. Cloude, “ Unsupervised Classification 
of Polarimetric SAR Imagery Based on Target Decomposition and Wishart Distribution,” IEEE Transactions 
on Geoscience and Remote Sensing, vol. 37, no. 5, 2249-2258, September 1999.

J.S. Lee, M.R. Grunes, E. Pottier, L. Ferro-Famil, “Unsupervised terrain classification 
preserving scattering characteristics,” IEEE Transactions on Geoscience and 
Remote Sensing,vol. 42, no.4, pp. 722-731, April, 2004. 

J.S. Lee, E. Pottier, Polarimetric Radar Imaging: From Basics to Applications, Taylor & Francis/CRC, 2009

POLARIMETRIC REMOTE SENSING
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ROBUSTENESS OF WISHART CLASSIFIER
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J.S. Lee, E. Pottier, Polarimetric Radar Imaging: From Basics to Applications, Taylor & Francis/CRC, 2009
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H / α - WISHART CLASSIFIER
4th ITERATION



E.P (2019)

A
lp

ha
  (

 α
)

0

30

60

90

0 0

0.5
0.5

1
1

POLSAR DATA DISTRIBUTION IN THE H / A / α SPACE

H / A / α - WISHART CLASSIFIER



E.P (2019)

2 Successive k - mean Classification procedures
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SAN FRANCISCO BAY JPL - AIRSAR L-band 1988
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H / A / α - WISHART CLASSIFIER
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SAN FRANCISCO BAY JPL - AIRSAR L-band 1988

0A2 BB0 + BB0 −

H / A / α - WISHART CLASSIFIER
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H / A / α - WISHART CLASSIFIER
NEZER FOREST JPL - AIRSAR L-band
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H / A / α - WISHART CLASSIFIER
ICE AREA JPL - AIRSAR L-band
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H / A / α - WISHART CLASSIFIER
OBERPFAFFENHOFEN - ESAR L-band H / A / α and WISHART CLASSIFIER
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UNSUPERVISED
POLSAR

CLASSIFICATION
J.S LEE et al. (2002)
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Unsupervised Classification
Preserving Scattering Mechanisms
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FREEMAN DECOMPOSITION
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A. Freeman and S.L. Durden, “A Three-Component Scattering Model for Polarimetric SAR Data” IEEE TGRS, vol. 36, no. 3, May 1998

Courtesy of Dr J.S Lee
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Wishart Iteration – After Class Merge

First Iteration Second Iteration Third Iteration

Note: Stability insures good convergence

Classification Maps

FREEMAN - WISHART CLASSIFIER
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FREEMAN - WISHART CLASSIFIER
Courtesy of Dr J.S Lee

|HH-VV|, |HV|, |HH+VV| 4th Iteration (15 classes)
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FREEMAN - WISHART CLASSIFIER

4th Iteration (15 classes)

Courtesy of Dr J.S Lee
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4th Iteration (15 classes)

Courtesy of Dr J.S Lee
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DUAL CHANNELS POLINSAR UNSUPERVISED SEGMENTATION
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DLR E-SAR L Band 
Pol-In SAR (1.5m x 3m) – Baseline 15m

Arg(γ)POL-SAR INFORMATION IN-SAR INFORMATION

POL-InSAR



E.P (2019)

COMPLEMENTARY INFORMATION

DLR E-SAR L Band 
Pol-In SAR (1.5m x 3m) – Baseline 5m

|γ|POL-SAR INFORMATION IN-SAR INFORMATION
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HOMOGENEOUS AREA

CONSTANT INTERFEROMETRIC
COHERENCE

HETEROGENEOUS AREA

DIFFERENT POLARIMETRIC
SCATTERING MECHANISMS

POL-InSAR
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HETEROGENEOUS AREA

DIFFERENT INTERFEROMETRIC
COHERENCE

HOMOGENEOUS AREA

SAME POLARIMETRIC
SCATTERING MECHANISMS
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0A2 BB0 + BB0 −γINTERFEROMETRIC COHERENCE
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C1  C2    C3   C4   C5   C6   C7   C8

C9  C10  C11 C12 C13 C14 C15 C16

Wishart H-A-α segmentation

γINTERFEROMETRIC COHERENCE
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Oriented buildings segmented from vegetated areas

Optical Image POLSAR Image POLSAR Segmentation

INSAR Image POLINSAR SegmentationVOL POLINSAR Segmentation

POL-InSAR
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Questions ?
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