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This article reportson a comparativestudy of morethan 30differ -
ent specklefilters, basedon quantitati veperformancemeasuresas
well asvisual criteria. Both radiometric and spatial aspectsof the
filtering problem are analyzed. We proposean impr oved method
for local structur edetectionin specklefilters.

INTR ODUCTION

A specklefilter estimatesthereflectivity of a givenpixel basedon its
intensityandthe intensitiesof a setof neighboringpixels. It canbe
consideredasa combinationof a radiometricestimatoranda method
to definetherelevantneighborhood.Severalradiometriccriteriahave
beenproposed,basedon different optimizationcriteria. While the
first specklefilters computedlocal statisticson a fixed size sliding
window, refinedversionsincludelocal detectionof structuresor ho-
mogeneouszones.Filtersbasedon modernconceptssuchasMarkov
randomfields andwaveletshave alsobeenproposed.It is generally
admittedthat a specklefilter shouldsubstantiallyreducethe speckle
in zonesof constantradarreflectivity, while preservingthestructures
andtexturesof the image,in orderto facilitatesubsequentvisual in-
spectionor automaticanalysis.

METHODS

Wehave testedmorethan30differentcombinationsof estimatorsand
neighborhoodtypes[1]. Thebasicestimatorsthatwehaveconsidered
are:� the Kuan filter, which is a linear minimum meansquareerror

(LMMSE) estimator[2].� theFrostfilter, which is a Wienerfilter adaptedto multiplicative
noise[3].� theimprovedFrostfilter proposedby Touzi [4].� themaximuma posteriori(MAP) filter, which supposesGamma
distributedtextureandspeckle[5].� the a posteriorimean(APM) filter, which also is basedon the
hypothesisof Gammadistributedtextureandspeckle[6].� the T-linear filter, which is an approximationof the APM [7],
herewith T=0.5.

Eachof theseestimatorshasbeenassociatedwith differentwaysof
definingtheneighborhoodon which thelocal statisticsarecomputed:� fixedsizeanalyzingwindow without structuredetection.� detectionof thebiggesthomogeneouszonewithin theanalyzing

window whichincludesthecentralpixel. A zoneis consideredto
behomogeneousif themeasuredcoefficientof variationis below
acertainthreshold.� analyzingwindow with local structuredetectionbasedon the
generalizedlikelihood ratio [8], which constitutesan improve-
mentof the methodbasedon the ratio detectordescribedin [5]
in the generalcasewherethe analyzingwindow is split in two
unequallysizedparts(asymmetricalbinarymasks).� intersectionbetweena fixedsizeanalyzingwindow anda region
definedby a segmentation[9].� entireregionsdefinedby a segmentation[9].

We have definedaltogether42 directionalbinarymasksrepresent-
ing edges,linesandpoint targets,which areusedbothfor local struc-
turedetectionandto identify maximumsizehomogeneouszones.As
farasthehomogeneitycriterionis concerned,thethresholdfor theco-
efficient of variationis heresetto theinverseof thesquarerootof the
equivalentnumberof independentlooksof the image. Thedetection
thresholdfor thegeneralizedlikelihoodratio correspondsto a proba-
bility of falsealarm(PFA) of the orderof

�����
	
for eachmask. The

totalPFA (for all themaskstested)is of coursemuchhigher. Theseg-
mentationusedby someof thefilters is in thisstudyobtainedwith the
SARSEGsegmentationscheme[10]. It shouldbenotedthat thereis
no region-basedversionof theFrostfilter.

The resultsobtainedwith a selectionof recentfilters, createdand
implementedby otherresearchteams,werealsoincludedin ourstudy:
� the MAP filter of Wu andMâıtre (ENST),which detectsmaxi-

mumsizehomogeneouszonesthroughregion merging [11].� themodel-baseddespeckling(MBD) filter of WalessaandDatcu
(DLR), whichis basedonBayesianinferenceandGauss-Markov
randomfields[12].� thedistributionentropy MAP filter of Nezry(Privateers)[13].� themultiresolutionfilter of Touzi (CCRS)[14].

Numerousotherfilters merit to betested,but they wereunfortunately
notavailableto usin theframework of thisproject.

RESULTS

All the methodsdescribedabove have beenapplied to a simulated
single-lookSARimage,aswell asto single-lookandmulti-look ERS-
1 images.For thesimulatedSAR image,themeansquareerrorcould
be calculated,asthe ideal imageis known. For the real images,the
statisticsof theratio image,obtainedby computingtheratio between
theoriginal imageandthefilteredonepixel by pixel, werecompared
to the statisticsof fully developedspeckle[15]. In additionto these
quantitative measures,muchweightwasgivento thevisualaspectof
the filtered imagesin termsof specklereductionandpreservation of
structures.

All filtered images,ratio imagesandquantitative resultsaregiven
in [1]. Someexamplesof filtered imagesareshown in Fig. 1. The
following observationsweremade:
� Amongthefilterswhichuseafixedsizeanalyzingwindow with-

out detection,the Frostfilter seemsto betterchoice,as it takes
thepresenceof edgesinto accountthroughnegative exponential
weightingof the intensitiesasa function of the distanceto the
centralpixel. Theotherestimatorsyield blurredfilteredimages.
It shouldbenotedthatthedifferencesbetweentheestimatorsdi-
minishwhenthenumberof looksincreases.� Theresultsareconsiderablyimprovedby localdetectionof struc-
turesor homogeneouszones.In thiscase,thebestresultsareob-
tainedwith the APM, T-linearandMAP estimators.The APM
andT-linear estimatorsareunbiasedandgenerallyproducethe
most preciseestimateof the radarreflectivity in homogeneous
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zones.TheMAP is slightly biased,but it preservestexturesand
fine structuresparticularlywell, andis thusbettersuitedfor vi-
sualinterpretation.

� Optimal structuredetectionbasedon the generalizedlikelihood
ratio seemsto perform better than detectionof homogenous
zones,notablywith respectto thepreservationof fine structures.
The MAP filter of Wu andMâıtre, which usesregion growing
to identify thebiggesthomogeneouszonearoundthepixel to be
filtered,yieldsandintermediateresult.

� The choiceof the numberof binary masksfor the detectionis
delicate:thehigherthenumberof masks,thehighertheproba-
bility of detection(PD),but thefalsealarmrate(PFA) increases
aswell. Thelatterphenomenonrapidly becomedominant.This
illustratesthe limitations of this approach:due to the speckle,
we have to usebig analyzingwindows (typically between��
��
and

��� 
 ��� ), in which casethenumberof possiblespatialcon-
figurationsbecomesextremelyhigh, but we have to restrictthe
numberof masksto keeptheoverallPFA onanacceptablelevel.
42maskswasfoundto beagoodcompromisein thisstudy.

� The region-basedfilters, relying on a prior segmentation,are
not as good as the versionsbasedon local structuredetection
whenfiltering singledateimages,asin thepresentstudy. How-
ever, a region-basedversionof thevectorialLMMSE filter [10]
yields excellent resultsfor temporalseriesof SAR images,in
particularasfar asthepreservationof texturesandstructuresare
concerned,thusenablingimprovedmultitemporalclassification.
The regions generallycontainan importantnumberof pixels,
permittinga very preciseestimationof the intercovariancema-
tricesusedby thevectorialMMSE filter.

� The methodsbasedon Markov randomfields work on a rela-
tively small neighborhood(typically

� 
 � or ��
�� ), but in an
iterativemanner. In thisway, bothpreciseestimationof theradar
reflectivity andgoodspatialadaptabilitycanbe obtained. The
MBD filter of WalessaandDatcucombinesexcellentpreserva-
tion of structureswith strongsmoothingin homogeneouszones.
Thenew filters of NezryandTouzi alsodemonstrategoodstruc-
ture detectioncapabilities,but the zonessupposedto be homo-
geneousarelesssmoothedthanwith theMBD filter or with our
MAP filter with optimalstructuredetection.

Dependingonthetuningof theparameters,theresultscouldconverge
or divergemorethanin ourstudy. For othersensorsor scenetypes,the
relative performancescouldalsobedifferent.Single-lookimagesare
themostdifficult to filter, in particularwhena limited spatialresolu-
tion (asin thecaseof satellitebornesensors)leadsto narrow structures
thatareverydifficult to detect.Theresultsobtainedonsingle-lookim-
agesvary a lot from onefilter to another, andnoneof thetestedfilters
yieldscompletelysatisfactoryresults.

CONCLUSION

Thecomparative studyrevealsinterestingdifferencesbetweenthera-
diometric estimatorsemployed by different adaptive specklefilters.
However, the methodusedto determinethe relevant neighborhood
seemsto play an evenmoreimportantrole. We proposeto uselocal
structuredetectionbasedon theoptimalgeneralizedlikelihoodratio.

All adaptivespecklefiltersperformautomaticanalysisof theimage
andmay introduceartifactswhich complicatesubsequentautomatic
analysisor visualinterpretation.Directautomaticanalysiswith robust
methodswhich take the specklestatisticsexplicitly into account,or
dedicatedinteractive visualizationtoolsbasedon non-adaptive trans-
formationsof the image(e.g. differentspectralweightingfunctions),
canbebetterthanspecklefiltering for many applications.

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

(possiblyalsoover theInternet).Hencedifferentresearchgroupscan
testtheir specklefilters on thesameimages,submittheir results,and
comparethemto theotherfilteredimages.ContactFréd́eric Adragna
(Frederic.Adragna@cnes.fr)for moreinformation.
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Figure1. a) Original 4-look ERS-1imageof Bourges,France. c
�

ESA – ERS-1data – 1993.Distrib ution SPOT Image. Filter ed images
obtainedwith b) the 9 
 9 MAP filter without detection,c) the 9 
 9 MAP filter with optimal structur edetection,and d) the MBD filter.
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