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SARSHtistits Ouitlmne

m SAR Dat&tatisiticalCharacterization

m PolSAMata Statistical Characterization

m Information Estimation/Filtering
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SARSHtistits S Q\g

E Speklecorresponds to the
éSalt&Peppet STT SO
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Speckic\Noeise

Onthe basisof the discretescatterdescription

1 .t -
S(Xr):fg\/ge‘qkl‘(x-gg, r )

L:Number of point scatterembraced by the resolution cell

m L as aeterministicquantity
L= 1: or a dominating point scatteDeterministic scattering
+ Rice/Rician model
L>1: Partially developed speckle
+ Not solved model. Even numerical solution difficult
L>>1: Fully developed speckle
¢ Gaussian model
m L as astochastiaquantity
L characterized by a pdf: Image texture
» K-distribution model
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Fully Developed speckle

Corner reflector

Bright points: Points where the interference Dominant scatter
is constructive No speckle
Dark points: Points where the interference
isdestructive

i DLR

Speckle is an electromagnetic interference phenomenon s ampiitude
ESAR {band system
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Fully DevelopedSpeckieitloise  oesa

m CompletelydevelopedSpecklglargel and no dominantscatterer)

When the number of scatterers is sufficiently large, and their spatial
distributionisrandom(randomphases}he centrallimit theoremapplies

S=N_(0s%/2)

m CentralLimit Theorem
RealPart

1 18A{s} 80 . |
Pag (A{9}) mexpgg Eges— : g {8 (I ,-) Gaussian pdf
Realandimaginarypartsare uncorrelated E{A{S} A 5}} =3
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Fully DevelopedrSpeckleiiNoise %gﬁgesa ‘

SAR: Statistits

Amplitude: Rayleigh pdf

- E{r} = %s
p.(r)=~ = %%% ggr fo, )  E{r?}=2s"
2 0

Intensity (I=r?): Exponential pdf

Phase Uniform pdf Contains NO information

(@)=, 4l -)

Amplitude and phase are uncorrelated
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SARStatistics

Fully Developed SpeckleiiNoise
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Polarmetn SARSSystems

ThePolarimetricSARsystemacquires3 complexSARmages

. . Y Y
Scattering matrix o o . )
) 1 [Y Y ] The properties of the scattering vector
follow from the properties of a single
SAR image
m kisdeterministicfor point scatters

m kis amultidimensional random
variablefor distributed scatterslue to
speckle

Scattering vectori  ['Y F¢"Y RY ]

SAR images characterized through secon
order moments

m Second order moments
multidimensional SAR data ameatrix
guantities

E
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Statistics Muiliidlimensional Gatissianf pof Propertie&%esa ‘

Characterizatiorof randomvariables
m Probability Density Functiompdf)
m{ OFOGAEAGAOFE Y2YSyida oYSIy> LR2gSNE | dzN

ZeromeanmultidimensionalcomplexGaussiamdf
p (k)= exp( kHC"k)

m Firstorder moment E{k} =
m Secondorder moment; Covariance matrix

Ic

)y,

cefis} {58} Esg Esshokilhomk
c-efk} wE(s.s) dls) €5 ¥

E{ S, $h} L{ S §} {3 ;52} Correlated SAR images#
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Mathematical Representation &&esa ‘

Thecovariancematrix containsthe correlationstructure of the setof m SARmages

cefls} Hssl €879
C = E{kk"] éE{mh} 8l s Es
(s} 9 § )

Information
m Diagonal element€ower information

b= 8l g} k{2,

m  Off-diagonal elementsCorrelation information

(s 81 ki{L2.. .k E{s s}

" s odl 9]
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Mathematioal iRepresemntation «.>CSd ‘

First order moment MUItldlmanIO_nT SAR data Second order moment

eSCr1ptors
for distributed scatterers
s—\ S, eSS 28,5 8%
B es:'/ S, Description for kk " =g\/§Snv & 25.% V285

PoISAR data 6 S, S J2 S & S'5

Scattering matrix Point scatterers Covariance matrix

v . . v
characterization
N ey §8 - S5
= escription for ;
k = [S, S,..., ﬁ] generalized multidimensional kk ™ =2SZ:$ % > . §':S
SAR data é ' -

Scattering vector

Characterizes completely
the data distribution

E{kk"} =C

Covariance matrix
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SampieCCovanand&iviatrix =@eSd ‘

Covariancematrix estimationby meansof a MultiLook (BoxCay
m Maximum likelihoodestimator: Sample covariance matrix

Averagingusually done in the spatial domain
(assumindhomogeneousamples)

™|

éi represents the to}aIA number,of samples erpployepl to estimate Athe
O2JdFNAII YOS YITUNMANEZ GlF1SY | NBIAZY
'H as estimator ofo

+ Does not consider signal morphology/heterogeneity

¢ Loss of spatial resolution

The sample covariance matrid is itself a multidimensional random variable|
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(s

Thesamplecovariancematrix'H ischaracterizedy the complexWishartdistribution

S5

SampleCCovananse&iMatnxtDistitut

Z,~W(nC)
o (Zn) — nm:‘?n‘”' metr( 7 n) ém(n) sOm(ml)/z :) (@ i _1)
"G, (n)
m Multidimensional data distribution
m Valid fore &, otherwise|H | is equal to zero and the Wishart pdf is

undetermined
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SARSEtistics Muiliidimensiondl / SAR: D ate: Descripffloesa ‘

S=N.(0s%2) | | k=[s,S.... 8] p (k)= G ‘exp( k"C k)

: : Multidimensional
Single SAR image SAR dataset Multidimensional complex Gaussian pdf

|

:_'r'1 k kH
ng ||

Z,~W(nC)

Sample covariance matrix

|

nmn‘z ‘n-m

P \Z0) =T

=) ie
Complex Wishart pdf
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2|Shv| | Shh +Swv|

Original data 7xX7 MLT data
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RefinedLeefilter

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

Pixel under study

The directional windows try to adapt to image structure

Decisionneedsto take into account statistical distribution to
avoidthe introduction of biasor distortion
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L-band (1.3 GHz) fully POISAR data
E-SAR system. Oberpfaffenhofen test area (D)
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LocalSiatistics ihmearlfilter

IShh|  [Shv|  [Sw]

L-band (1.3 GHz) fully PolSAR data
E-SAR system. Oberpfaffenhofen test area (D)
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