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Eigenvalues/Eigenvectors distribution analysis

Analytical analysis No limitations in terms of scatterer type
Joint eigenvalues pdf Complex analysis / Numerical analysis

Information about eigenvalues, H and A
Integration of the eigenvectors No information about eigenvectors

Eigenvalues/Eigenvectors analysis based on simulated data

Simulated data analysis Limitations in terms of scatterer type
Information about eigenvalues, H, A and �
No information about eigenvectors

Indirect analysis based on the Touzi incoherent decomposition and the
complex Jacobi rotations method

State-of-the-Art

© Carlos López-Martínez, 2013, UPC-RSLab, carlos.lopez@tsc.upc.edu 4

López-Martínez, C. & Pottier, E. Proc. POLINSAR 2005

López-Martínez, C.; Pottier, E. & Cloude, S. IEEE Trans. Geoscience and Remote Sensing, 2005

Lee, J.; Ainsworth, T.; Kelly, J. & López-Martínez, C. IEEE Trans. Geoscience and Remote Sensing, 2008

Touzi, R., Canadian Journal of Remote Sensing, 2007



Working hypothesis

Joint sample eigenvalues distribution

First eigenvalue overestimated, second over/underestimated, third
underestimated
Entropy underestimated
Anisotropy over/underestimated

State-of-the-Art
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Consider speckle noise from a perspective of a perturbation of the
covariance/coherency matrices

Quantification of the error matrix effect

The goal is to relate the perturbation of the coherency matrix with a perturbation of
the eigenvalues and eigenvectors. For � sufficiently small

Perturbation Analysis
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The different orders are obtained by equating all the terms in � or �2

First order analysis

Second order analysis

First and Second Order Perturbation
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statistics associated to speckle



Necessary to have a more detailed characterization of the previous expressions
Analysis of the asymptotic behavior
Information for very close eigenvalues

Third order analysis
Eigenvalue coefficients

Eigenvectors coefficients

Fourth order analysis
Eigenvalue coefficients

Higher Order Analysis
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The order is associated 
to the product of � terms



Introduction of the statistical information in the perturbation analysis
The � terms contain the information about speckle distribution 
The � parameter contains the information about the filtering strength, i.e.,
the number of looks
Re-parameterization

Considering the Gaussian hypothesis
First order

Second order

Third order

Statisitics of the Perturbation Analysis
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Eigenvalues characterization based on the second order approximation expression
Previous expression

Current expression
Mean value

Variance value

Eigenvalues Characterization
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Eigenvectors characterization based on the second order approximation expression
Mean value

Non-normalized expression

Normalized expression

Covariance matrix

Eigenvectors Characterization
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Entropy/Anisotropy characterization based on the second order approximation
expression

Perturbation analysis avoids the individual integration of eigenvalues if the
joint pdf is considered
Entropy

Anisotropy

Entropy and Anisotropy Characterization
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�i characterization based on the second order approximation expression
Study from the first component of the normalized eigenvector

characterization based on the second order approximation expression
Use of the same procedure employed to derive the Entropy

Alpha Angles Characterization
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Simulation procedure
Data simulated according to the complex Gaussian hypothesis, i.e., fully
developed speckle
Simulation of the true coherency matrix in terms of eigenvalues and
eigenvectors

Eigenvalues considered relative to λ1 to allow a correct
representation, i.e., λ1=1, λ2/ λ1, λ3/ λ1

Eigenvectors

Evalutation in Terms of Simulated Data
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Evalutation in Terms of Simulated Data
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Evalutation in Terms of Simulated Data
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Simulated data
Analytical expressions
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Evalutation in Terms of Simulated Data
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Evalutation in Terms of Simulated Data
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Simulated data
Analytical expressions

Bias

En
tr

op
y

A
ni

so
tr

op
y

M
ea

n 
al

ph
a

Std. Dev.

Underestimated

Over/underestimated

Over/underestimated

1 4
rad 



Evalutation in Terms of Simulated Data
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Analysis in terms of averaged samples/speckle filter
Eigenvalues

Eigenvectors

Evalutation in Terms of Simulated Data
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Analysis in terms of averaged samples/speckle filter
Entropy and Anisotropy

Mean Alpha angle

Evalutation in Terms of Simulated Data
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Oberfapfenoffen L-band ESAR dataset

Evalutation in Terms of Real Data
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Deeper and complete characterization of the speckle noise effects in the
eigendecomposition of the covariance/coherency matrices:

All the parameters are asymptotically non biased
Eigenvalues over/underestimated

Variance proportional to λ1
2

Entropy underestimated
Anisotropy over/underestimated
Eigenvectors biased

Depend on true eigenvalues and eigenvectors
Alpha angles over/underestimated
Mean Alpha angle over/underestimated

Limitations of the perturbation analysis:
Magnitude of the perturbation �
Presence of very close eigenvalues

Eigenvalues with a multiplicity 2 or 3

Conclusions
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