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ABSTRACT

Five new Distribution-EntropyMaximum A Posteriori
(DE MAP) speckle filters are establishedfor the
following cases: single detected, multilook multi-
channeldetected,single look complex SAR images,
separatecomplex looks, and fully polarimetric SAR
data.

As shown,thesenewfilters are particularly efficient to
reduce speckle noise, while preserving textural
propertiesand spatialresolution,especiallyin strongly
textured SAR images.

Keywords: Speckle filtering, Maximum Entropy,
Maximum A Posteriorifilters, Complex SAR images,
multi-temporal SAR data, multi-channel SAR data,
Polarimetric SAR images.

1. DE-MAP SPECKLE FILTERING

In the caseof multi-channeldetectedSAR images,let
definethe vectorquantitiesof interest:l is the speckled
intensity vector availablein the actual SAR data;R is
the radar reflectivity vector which is the quantity we
want to restore.The Maximum A Posteriori (MAP)
filtering method bases on the famous Bayes’ theorem:

PRI =PU/R) . PR/ P() 1)

For multi-channel detected SAR images, MAP
Filtering is a vector filtering method. For any channel i,
the posteriorprobability is maximumif the following
condition is verified:

N

ALN(P(/R))/AR +Ln(PR))/OR =0 for R=Rimar (2)

In presence of very strorigxture,asit is oftenthe case
in SAR imagesof densetropical forest, and in the
presenceof relief, it may be hazardousto make an

assumption about the probabildg¢nsityfunction of the
radar reflectivity.

In this context,the A Priori knowledgewith regardto
the observedscenecan hardly be an analytical first
order statistical model. However, we introduce a
Maximum Entropy (ME) constraint on texture-3]:

S(R) = - Y[Rwlog(Ra)] for the i channel (3)

Becausethe Ry are non-negativeand exp(S(R)/Z is
normalized,it can be treatedas a probability density
function (pdf) whose entropy is S(H1]J:

P(R)=1/Z.exp(S(R)=1/Z.exp(3 [Ri-log(R)]) 4

To estimate P(R), the radar reflectivities Ry are
estimatedby deconvolutionfrom the SAR impulse
response function as described in Nezral, 1995[4].

2. DE-MAPFILTERSFOR DETECTED SAR
IMAGES
Single detected SAR image case:

For a single detected SAiRage,the conditionalpdf of
the speckle can be modelled as a Gamma distribution:

P(I/R) = (L/R}/T (L).exp(-LI/R). I"* (5)
With this assumption, the Gamma/Distribution-
Entropy MAP (Gm-DE MAP) filter for single-channel
detectedSARiImagesis the solution of the following
equation:

LI-LR- RZ.%[Iog(Rk)-lan(lo)] =0 (6)



Figurel and?2 illustrate the applicationof this speckle
filter to a ERS-PRI(3-looks) SAR image.Figure 1 is
the original ERS-PRIlimage,andFigure2 is its filtered
version.

Detected multi-channel SAR data case:

For multilook SAR images,the conditional pdf of the
speckle P(I/R) can be modelled as a multivariate
Gaussiandistribution [5], in the casethe speckleis
correlated between image channels:

P(I/R)=[(2n)" |Cow]| M%.exd-(I-R).Cow™.(I-R)]  (7)

The ME constrainton textureis introducedas above.
With this technique,there is no need to introduce
explicit correlation between the diverse texture
channels.

Figure 1: Unfiltered ERS PRI image.

Under these assumptionsthe Gaussian/Distribution-
Entropy MAP (Gs-DE MAP) filter for multi-channel
multilook detectedSAR images (N channels) comes
down to the resolutionof a set of N coupled scalar
equations of the form:

(1).Cs%.(-R) +'(I-R).Cs™.(1)
- Riz.kZ[Iog(Rk)-lan(loﬂ =0 (8)

Note that in the casethe speckleis not correlated
between image channels, the Gamma/Distribution-
Entropy MAP (Gm-DE MAP) filter for multi-channel
detectedSARiImages(N chainels) comesdown to the
resolutionof a setof N independenfuncoupled)scalar
equations similar to Equation (6).

Figure 2: DE-MAP filtered version of the ERS SAR
image.



3. DE-MAP FILTERSFOR COMPLEX SAR DATA

The L separatecomplexlooks are usually extractedfrom
the useful Doppler band, at the cost of the azimuth
resolution. From the point of view of the speckle-
filtering-problem, the case of interferometric complex
SAR datasetscan be consideredn a similar way. The
measurementector for each pixel is X={y,}, where
Yn=intjGn.

When speckle is fully developed, the (ing, are
statisticallyindependentandomprocessed-owever,the
Y, are correlatedcomplex Gaussianrandom processes
with pdf given by Goodman, 1988]:

P(X/Cs) = exp{X .Cs™.X) / (Tt [Ts[) )
Separate complex looks case:

In this casethe Complex-Gaussian/Distribution-Entropy
MAP (CGs-DE MAP) filter foseparatecomplexiooks (L
complex looks) is expressed as:

X'.CsLX- LR, - RZ.ZK[Iog(Rk)-lan(lO)] =0 (10)

whereCs is the covariancematrix of the specklebetween
the complex separate 100K§.

In the caseof a seriesof single-look complex (SLC)
images(e.g. interferometriccomplexSAR datasets),Cs
is the covariancematrix of the specklebetweenthe SLC

images, and the same filter can be applied, without loss in

the spatial resolution.
Single-look complex (SL C) image case:

In this casethe Complex-Gaussian/Distribution-Entropy
MAP (CGs-DE MAP) filter for SLC SAR images is
expressed as follows:

1UNX.CsEX-R - RZ.%[log(Rk)-l/Ln(lo)] =0 (11)

whereCs is the spatialcovariancematrix of the complex
speckle,and N is the number of pixels within the
processing window.

4. DE-MAP FOR POLARIMETRIC SAR DATA

In the case of polarimetric SAR data, %5 is the
polarimetriccovariancematrix, and Cs is the unspeckled
covariance matrix,e. the quantityto berestoredhrough
speckle filtering.

In the reciprocalcase,and for low look correlation,the
conditionalpdf of 25 is a complexWishartdistribution of
the form[8]:

(detzgy-3 L-3

PEJCy= exp[-Tr(L Cs_l 29l
T (L) (L-1)I (L-2)(det Q)"

12)

Using physical backscatteringmodels, assuming(as a
rough approximation)that texture is identical in all
polarizations, we get the following approximati@j
C=uEQ (13)
where | is the scalartextural parameterequal to the

normalized number of scattererswithin the resolution
cell, and E(Q is the mean covariance matf.

With this assumptionthe ME constrainton texture[1-3]
becomes:

P@) = 1. exp(3[iclogg] and BO =1 (14)

In this case,the Complex-Wishart/Distribution-Entropy
MAP (CW-DE MAP) filter for polarimetric multilook
SAR datds expressed as:

L Tr[E(C9™* ZJ - Ly - uz.%[log(uk)-lan(lO)] =0 (15)

E(C) is obtained using the maximum likelihood
estimator described in Lopesal, 1992[8].

Figures3 to 10 illustrate the applicationof this filter to
high resolutionP-band4-look JPL AIRSAR polarimetric
data.Therestoratiorof the radarreflectivity is illustrated
on Figures3 and 4. The restorationof the degreesof
coherenceis illustrated on Figures 5 and 6; the
restoration of the phase differencesis illustrated on
Figures7 and 8. Figures9 and 10 allow to appreciate
how the CW-DE MAP filter and enhanceghe P-band
polarimetric texture signatures[10] on the textured
(forest) area indicated on Figures 3 and 4 (2035 pixels).
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Figure 10: Texture signature after CW-DE MAP filtering.



5. CONCLUSION

The new DE-MAP filters presentedabove adaptto a
much larger range of texturesthan the previous MAP
filters [7,8,11,12 developedunderthe assumptiorof K-
distributed SAR intensity. In particular, these filters
might be of interestin the caseof very high resolution
SAR images.

The filtered imagesshownin Figure 2 and 4 show that
performancesin terms of speckle reduction, texture
restoration (cf. [13]), as well as structuresand point
targetspreservationare fully satisfactory.Thesefilters
have already proven a remarkable efficiency in
operational remote sensingf.((14,19).

From the theoreticalpoint of view, it is noteworthythat
thesefilters presentthe very interesting properties of
control system§12,14.
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