Radiometric and Spatial Aspectsof SpeckleFiltering
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This article reportson a comparative study of more than 30differ -
ent specklefilters, basedon quantitati ve performancemeasuresas
well asvisual criteria. Both radiometric and spatial aspectsof the
filtering problem are analyzed. We proposean impr oved method
for local structur e detectionin specklefilters.

INTRODUCTION

A speckiefilter estimateghe reflectvity of a given pixel basedonits
intensityandthe intensitiesof a setof neighboringpixels. It canbe
consideredhisa combinationof a radiometricestimatoranda method
to definetherelevantneighborhoodSeveralradiometriccriteriahave
beenproposed basedon different optimizationcriteria. While the
first specklefilters computedlocal statisticson a fixed size sliding
window, refinedversionsincludelocal detectionof structuresor ho-
mogeneougones.Filters basedon modernconceptsuchasMarkov
randomfields andwaveletshave alsobeenproposed.It is generally
admittedthat a specklefilter shouldsubstantiallyreducethe speckle
in zonesof constantradarreflectiity, while preservinghe structures
andtexturesof theimage,in orderto facilitate subsequentisual in-
spectionor automaticanalysis.

METHODS

We have testedmorethan30 differentcombinationf estimatorsand
neighborhoodypes[1]. Thebasicestimatorghatwe have considered
are:

o the Kuanfilter, which is a linear minimum meansquareerror
(LMMSE) estimator{2].

o theFrostfilter, whichis a Wienerfilter adaptedo multiplicative
noise[3].

e theimprovedFrostfilter proposedy Touzi[4].

e themaximuma posteriori(MAP) filter, which suppose&samma
distributedtexture andspeckle5].

e the a posteriorimean(APM) filter, which alsois basedon the
hypothesiof Gammadistributedtexture andspeckle6].

e the T-linear filter, which is an approximationof the APM [7],
herewith T=0.5.

Eachof theseestimatorshasbeenassociatedvith differentways of
definingthe neighborhoodn which thelocal statisticsarecomputed:

o fixedsizeanalyzingwindow without structuredetection.

o detectionof the biggesthomogeneousonewithin theanalyzing
window whichincludesthecentralpixel. A zoneis consideredo
behomogeneous themeasuredoeficientof variationis belov
acertainthreshold.

e analyzingwindow with local structuredetectionbasedon the
generalizedikelihoodratio [8], which constitutesan improve-
mentof the methodbasedon the ratio detectordescribedn [5]
in the generalcasewherethe analyzingwindow is split in two
unequallysizedparts(asymmetricabinary masks).

e intersectiorbetweenrafixedsizeanalyzingwindowv andaregion
definedby a segmentatior{9].

e entireregionsdefinedby a sggmentatiorf9].
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We have definedaltogether2 directionalbinary masksrepresent-
ing edgeslinesandpointtargets,which areusedbothfor local struc-
ture detectionrandto identify maximumsizehomogeneougones.As
farasthehomogeneityriterionis concernedthethresholdor theco-
efficient of variationis heresetto theinverseof the squareroot of the
equivalentnumberof independentooks of theimage. The detection
thresholdfor the generalizedik elihoodratio correspondso a proba-
bility of falsealarm (PFA) of the orderof 10~° for eachmask. The
total PFA (for all themasksested)s of coursemuchhigher Theseg-
mentatiorusedby someof thefiltersis in this studyobtainedwith the
SARSEGsgymentationrschemd10]. It shouldbe notedthatthereis
no region-basedersionof the Frostfilter.

The resultsobtainedwith a selectionof recentfilters, createdand
implementedy otherresearcheamswerealsoincludedin ourstudy:

o the MAP filter of Wu andMaitre (ENST), which detectsmaxi-
mum sizehomogeneouzonesthroughregion meging [11].

o themodel-basedespecklingMBD) filter of WalessaandDatcu
(DLR), whichis basen BayesiarinferenceandGauss-Markv
randomfields[12].

o thedistribution entropy MAP filter of Nezry (Privateers)13].

o themultiresolutionfilter of Touzi (CCRS)[14].

Numerousotherfilters merit to be tested but they wereunfortunately
notavailableto usin the framework of this project.

RESULTS

All the methodsdescribedabore have beenappliedto a simulated
single-lookSAR image,aswell asto single-lookandmulti-look ERS-
1 images.For the simulatedSAR image,the meansquareerrorcould
be calculated asthe idealimageis knowvn. For therealimages,the
statisticsof theratio image,obtainedby computingthe ratio between
theoriginal imageandthefiltered onepixel by pixel, werecompared
to the statisticsof fully developedspeckle[15]. In additionto these
guantitatve measuresnuchweightwasgivento the visualaspecof
thefiltered imagesin termsof specklereductionand preseration of
structures.

All filtered images ratio imagesand quantitatve resultsare given
in [1]. Someexamplesof filtered imagesare shovn in Fig. 1. The
following obsenationsweremade:

o Amongthefilters which useafixedsizeanalyzingwindow with-
out detection,the Frostfilter seemdo betterchoice,asit takes
the presencef edgesnto accounthroughnegative exponential
weighting of the intensitiesasa function of the distanceto the
centralpixel. The otherestimatorsyield blurredfilteredimages.
It shouldbe notedthatthedifferencesdetweerthe estimatorsdi-
minishwhenthe numberof looksincreases.

e Theresultsareconsiderablymprovedby localdetectiorof struc-
turesor homogeneousones.In this casethebestresultsareob-
tainedwith the APM, T-linearand MAP estimators.The APM
and T-linear estimatorsare unbiasedand generallyproducethe
most preciseestimateof the radarreflectvity in homogeneous
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zones.The MAP is slightly biased but it preserestexturesand
fine structuregarticularlywell, andis thusbettersuitedfor vi-
sualinterpretation.

e Optimal structuredetectionbasedon the generalizedik elihood
ratio seemsto perform better than detectionof homogenous
zonesnotablywith respecto the preseration of fine structures.
The MAP filter of Wu and Maitre, which usesregion growing
to identify the biggesthomogeneousonearoundthe pixel to be
filtered,yieldsandintermediateesult.

e The choiceof the numberof binary masksfor the detectionis
delicate:the higherthe numberof masks the higherthe proba-
bility of detection(PD), but the falsealarmrate (PFA) increases
aswell. Thelatterphenomenomapidly becomedominant.This
illustratesthe limitations of this approach:dueto the speckle,
we have to usebig analyzingwindows (typically betweer7 x 7
and13 x 13), in which casethe numberof possiblespatialcon-
figurationsbecomesxtremely high, but we have to restrictthe
numberof masksto keepthe overall PFA onanacceptabldevel.
42 maskswasfoundto be agoodcompromisen this study

e The region-basedfilters, relying on a prior sggmentation,are
not as good as the versionsbasedon local structuredetection
whenfiltering singledateimages.asin the presentstudy How-
ever, aregion-basedrersionof the vectorial LMMSE filter [10]
yields excellentresultsfor temporalseriesof SAR images,in
particularasfar asthe preseration of texturesandstructuresare
concernedthusenablingimproved multitemporalclassification.
The regions generallycontain an importantnumberof pixels,
permitting a very preciseestimationof the intercovariancema-
tricesusedby the vectorial MMSE filter.

e The methodsbasedon Markov randomfields work on a rela-
tively small neighborhoodtypically 3 x 3 or 5 x 5), butin an
iterative manner In this way, both preciseestimationof theradar
reflectvity and good spatialadaptabilitycan be obtained. The
MBD filter of Walessaand Datcucombinesexcellentpresera-
tion of structureswith strongsmoothingin homogeneousgones.
Thenew filters of NezryandTouzi alsodemonstratgoodstruc-
ture detectioncapabilities,but the zonessupposedo be homo-
geneousarelesssmoothedhanwith the MBD filter or with our
MAP filter with optimal structuredetection.

Dependingonthetuningof the parametergheresultscouldcorverge
or divergemorethanin our study For othersensor®r scendypesthe
relative performancesould alsobe different. Single-lookimagesare
the mostdifficult to filter, in particularwhena limited spatialresolu-
tion (asin thecaseof satellitebornesensorsleadsto narrav structures
thatarevery difficult to detect. Theresultsobtainedon single-lookim-
agesvary alot from onefilter to anotherandnoneof thetestedfilters
yieldscompletelysatishctoryresults.

CONCLUSION

The comparatie studyrevealsinterestingdifferencebetweerthera-
diometric estimatorsemplog/ed by differentadaptve specklefilters.
However, the methodusedto determinethe relevant neighborhood
seemdo play an even moreimportantrole. We proposeto uselocal
structuredetectionbasedn the optimalgeneralizedik elihoodratio.

All adaptve speckl€filters performautomaticanalysisof theimage
and may introduceartifactswhich complicatesubsequenautomatic
analysisor visualinterpretation Directautomaticanalysiswith robust
methodswhich take the specklestatisticsexplicitly into account,or
dedicatednteractie visualizationtools basedon non-adaptie trans-
formationsof theimage(e.qg. differentspectralweightingfunctions),
canbe betterthanspeckléfiltering for mary applications.

The radar division of the French Space Agenyy CNES
(CNES/DSO//QTIS/SR) intendsto continue the comparisonof
specklefilters on a larger scale. Both a setof SAR imagesandthe
correspondindiltered imageswill be madeavailable on CD-ROM

(possiblyalsoover the Internet). Hencedifferentresearchgroupscan
testtheir specklefilters on the sameimages submittheir results,and
comparehemto the otherfilteredimages.ContactFréceric Adragna
(Frederic.Adragna@cnes.figr moreinformation.
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obtainedwith b) the 9 x 9 MAP filter without detection,c) the 9 x 9 MAP filter with optimal structur e detection,and d) the MBD filter.
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Figure 1. a) Original 4-look ERS-1imageof Bourges,France. © ESA - ERS-1data




