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SAR Data StatisiticalCharacterization

PolSARData Statistical Characterization

Information Estimation/Filtering

Outline
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Speckle Noise
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L-band (1.3 GHz) fully PolSAR data

E-SAR system. Oberpfaffenhofen test area (D)

Optical Image

Oberpfaffenhofen test area (D)

|Shh| |Shv| |Svv|

|Svv|

Speklecorresponds to the 
άSalt&Pepperέ ŜŦŦŜŎǘ ƻŦ ǘƘŜ ƛƳŀƎŜ 
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Speckle Noise

Onthe basisof the discretescatterdescription

L as a deterministicquantity

L= 1: or a dominating point scatter: Deterministic scattering

Rice/Rician model

L>1: Partially developed speckle

Not solved model. Even numerical solution difficult

L>>1: Fully developed speckle

Gaussian model

L as a stochasticquantity

Lcharacterized by a pdf: Image texture

K-distribution model
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L: Number of point scattersembraced by the resolution cell
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Fully Developed Speckle Noise

Corner reflector
Dominant scatter

No speckle

Bright points: Points where the interference
is constructive

Dark points: Points where the interference
is destructive

Speckle is an electromagnetic interference phenomenon

Fully Developed speckle

Shh amplitude
E-SAR L-band system
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Fully Developed Speckle Noise

CompletelydevelopedSpeckle(largeLandno dominantscatterer)

When the number of scatterers is sufficiently large, and their spatial
distribution is random(randomphases)the centrallimit theoremapplies

CentralLimitTheorem

RealPart

ImaginaryPart

Realandimaginarypartsareuncorrelated

{} {}( )
{}

{} ( )
2

2

1 1
exp ,

22
S

S
p S S

sps
Á

å õå õÁ
æ öÁ = - Á Í -¤ ¤æ ö
æ öç ÷ç ÷

{} {}( )
{}

{} ( )
2

2

1 1
exp ,

22
S

S
p S S

sps
À

å õå õÀ
æ öÀ = - À Í -¤ ¤æ ö
æ öç ÷ç ÷

Gaussian pdf

Gaussian pdf

{}{}{ } 0E S SÁ À =

( )2

20, 2
C

S s=N

7alberto.alonso-gonzalez@upc.edu | RSLab | 2026

SAR Statistics



Fully Developed Speckle Noise

Amplitude: Rayleigh pdf

Intensity (I=r2): Exponential pdf

Phase: Uniform pdf. Contains NO information

Amplitude and phase are uncorrelated
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Fully Developed Speckle Noise

9

Amplitude: Rayleigh pdf Intensity: Exponential pdf

Phase: Uniform pdfalberto.alonso-gonzalez@upc.edu | RSLab | 2026
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PolarimetricSAR Systems
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The properties of the scattering vector 
follow from the properties of a single 
SAR image

k is deterministicfor point scatters. 

k is a multidimensional random 
variablefor distributed scatters due to 
speckle. 

SAR images characterized through second 
order moments

Second order momentsin 
multidimensional SAR data are matrix 
quantities

ἳ Ὓ ȟςὛ ȟὛScattering vector

Swath

1k

ThePolarimetricSARsystemacquires3 complexSARimages
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Multidimensional Gaussian pdf Properties

Characterizationof randomvariables

Probability Density Function (pdf)

{ǘŀǘƛǎǘƛŎŀƭ ƳƻƳŜƴǘǎ όƳŜŀƴΣ ǇƻǿŜǊΣ ƪǳǊǘƻǎƛǎΣ ǎƪŜǿƴŜǎǎΧύ

Zero-meanmultidimensionalcomplexGaussianpdf

Firstorder moment

Secondorder moment: Covariance matrix
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Correlated SAR images
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Mathematical Representation

Thecovariancematrixcontainsthe correlationstructureof the setof m SARimages

Information

Diagonal elements: Power information

Off-diagonal elements: Correlation information
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Mathematical Representation
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First order moment Second order moment
Multidimensional SAR data 

descriptors 

for distributed scatterers
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Description for

PolSAR data

Description for

generalized multidimensional

SAR data

Point scatterers

characterization

Characterizes completely

the data distribution

Distributed scatterers

characterization
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Sample Covariance Matrix

Covariancematrixestimationby meansof a MultiLook(BoxCar)

Maximum likelihoodestimator: Sample covariance matrix

ὲrepresents the total number of samples employed to estimate the 
ŎƻǾŀǊƛŀƴŎŜ ƳŀǘǊƛȄΣ ǘŀƪŜƴ ŀ ǊŜƎƛƻƴ όǎǉǳŀǊŜΣ ǊŜŎǘŀƴƎǳƭŀǊΣ ŀŘŀǇǘŜŘΧύ

Ἠ as estimator of ὠ

Does not consider signal morphology/heterogeneity

Loss of spatial resolution
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Ἠ
ρ

ὲ
ἳἳ

The sample covariance matrix Ἠ is itself a multidimensional random variable
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Averagingusually done in the spatial domain
(assuminghomogeneoussamples)
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Sample Covariance Matrix Distribution

ThesamplecovariancematrixἨ ischaracterizedby the complexWishartdistribution

Multidimensional data distribution

Valid for ὲ ά, otherwise Ἠ  is equal to zero and the Wishart pdf is 
undetermined
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Multidimensional SAR Data Description
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Multilook/Boxcar Example
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|Shh-Svv| 2|Shv| | Shh +Svv|

Original data 7x7 MLT data

L-band (1.3 GHz) fully PolSAR data

E-SAR system. Oberpfaffenhofen test area (D)
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|Shh-Svv| 2|Shv| | Shh +Svv|
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Multilook/Boxcar Example
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RefinedLeefilter

Local Statistics Linear Filter

19

Statistics estimation in windows selected according to the signal morphology in order to 
retain edges, spatial feature and point targets

Pixel under study

The directional windows try to adapt to image structure
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Decisionneeds to take into account statistical distribution to
avoidthe introductionof biasor distortion
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Local Statistics Linear Filter
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|Shh| |Shv| |Svv|
L-band (1.3 GHz) fully PolSAR data

E-SAR system. Oberpfaffenhofen test area (D)
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Local Statistics Linear Filter
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|Shh| |Shv| |Svv|

L-band (1.3 GHz) fully PolSAR data

E-SAR system. Oberpfaffenhofen test area (D)

Original RGB 7x7 MLT RGB

Refined Lee Filteralberto.alonso-gonzalez@upc.edu | RSLab | 2026
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