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ABSTRACT

TheEmbediedMorphologica Dilation Coding(EMDC) al-
gorithm, recernly proposedby the authorof this work, im-

plemens a direct coding of the wavelet coeficients signi-
ficancemapthatis basedon the action of a new kind of
multiresoluion binary (bit-plare) morphologcal opeator.

EMDC actuallyincludesthe mostpart of existing mompho-
logical wavelet codes, it prodwcesa fully progressve bit-

streamwith low compleity andhasdemorstratedcompet-
itive codng periormanes. A peculiarfeatureof EMDC
is the adaptve andthe exterded conrectiity natureof the
morphologcal analysis of the subbad coeficients. In this
papemwe giveadetaileddescriptiorof thisfeatue andquan

tify the relatedperformarce improvements. We condude
thattheconsideedpatternanalysisandcodirg technqueal-

low anincreasededtction of the dataredurdang andfills

thegapbetweerexisting morplologicaldilationtechniques
andstate-ofthe-artwaveletcodes.

1. THE MORPHOLOGICAL APPROACH TO
WAVELET CODING

Thestructual andstatisticalpropertiesof thewavelettrans-
form coeficientshasbeenincreaingly recoglized and ex-

ploitedin variousvisualdataprocessingapplicatios.

Such properties play a key role both in the quarization

andin the entropy coding stagesof currert wavelet cod-

ing techniaques. In particula the insignificantcoeficients

predidability, in termsof subbad zerotreeor zerobocks,

is the comnon denaminatorof afamily of techniqes(e.g.

SPIHT[Y], EZBC[2]) which presentstate-ofthe-artRate-
Distortion (R-D) codirg performance. However zerotree
basedtechniqesonly indirectly exploit a salientproperty

of wavelet-trarsformednaturl images:the clusteringtrend
of mostsignificantcoeficients[3]. A possibleappr@chto

directly exploit this behaior hasbeenintroducedwith the

morphologcal condtioneddilation coding([3, 4, 5], where
the significantcoeficients(i.e. setto 1 in the significance-
map) alreadydetectedare usedas a basisfor the search
of new significantonesin a progessve bit-plare quanti-
zation framavork. This apprach is justified by observ-

ing that clusterstendto grow both in spatialandin fre-
queny doman when crossingsuccessie bit-plares. The
work of Senetto et al. [3] first justifies the mompholog-
cal appoachto betterrepresensignificancemaps,but use
it in anintra-tandmodeonly, letting the entrofy coderex-
ploit someinter-bard statisticaldepenlencies. Chai et al.
[4] defineabit-saving inter-bandlinking mectanismamony
subbandlusters.However, this codecarchitectue doesnot
prodwce an embedéd bit-stream sincegood R-D perfa-
manceare alsodueto a pre-gocessingstagewhich elim-
inatesall isolatedsignificantcoeficients, whosepositions
aretoo expensve to code;morewer, in [4], theassessment
accurag of clusterbourdariesis conceved asastatictrade-
off betweenrstructurig elementextert andrelatedbit cost.
The extert of the structurirg elementss alsoan issuere-
latedto the performarce of the embedéd appoachegpro-
posedby Zhonget al. in [5, 6, 7].

In [8] we presentech codingtechrnque called Embeaided
MorphologicalDilation Codingfor 2D and3D datathatwe
refinedin [9]. The maininnovationsintroducedin EMDC
with respecto the previous morghologial appr@achesare
the subdvision of a singlemorptologicaldilationin differ-
entlayersordeed accordhg to their expectedR—-D perfa-
manceandanoriginal methal for theanalysisof thecluster
bourdariesby perfaming an adaptve searcharound each
found cluster The first aspectis repesentatie of the ac-
tion andinteractionof themorptologicaldilationwithin the
codingprocessThesecondaspects betteranalyzedn this
work andrepresets an exampe of the benefitsthatthe di-
rectaccesgo the significantcoeficient patterrs could give
in termsof codirg performane. EMDC goesbeyord the
simpledudity with respecto the insignificart coeficients
prediction in fact,it introducesanadditive patternanalysis
which allows to save a portion of bit in the coded descrip-
tion.

The adaptve analysisof clusterboundariesis descritedin
detailin Sec.3while the relatedperfamanceimprovement
is quariified in Sec.4.In the next sectionthe ideasandthe
structureof the EMDC algoiithm arebriefly recalled Algo-
rithmic detailscanbefoundin [9].



2. EMDC: EMBEDDED MORPHOLOGICAL
DILATION CODING

As in the popuar zerotre@ coders,our progessve EMDC
algorithm is compeed of two iterative stages. The first
oneis the significantcoeficient map descriptia, which is
progessvely codedby meansf acombingion of subbad
scanning bit-plare threshdding andbinary morphologica
dilations basedon predictive hypothesis. After eachbit-
planescanninga refinemeh passaddsto the precisionof
the previously markedsignificantcoeficients.

Thedilation operato is conceved to work in a subbadim-
agestructure.lt is structuredn differentlayersbecausef
the different predctive hypothesigo which eachlayercor
respomls. Thelayersof this “multiresolutionmorphologicd
operdor” arethefollowing:

— layer(a): intra-band morphological dilation
— layer(b): inter-band expansion
— layer(c): adaptive boundary dilation

Thelayer(a) explaits theclusteringtrendof thewavelet
coeficiert, thelayer(b) recaynizesthe morphologcal sim-
ilarities amongthe differentscalesin the multiresoldion
subbad domainandauthoizesto establishalinking mech-
anismamory differentscaleclustersbasedn someparent-
child relations. The layer (a) and (b) allow to explore the
alreadyidentified clusters. The layer (c) analyzs the co-
efficients on the clusterbowndariesand is detailedin the
following section. An addtional layer (d) called explicit
position coding worksasa “seedlayer” in orderto startthe
dilation of unexploredsignificar clustersandalsosenesto
locateisolatedsignificantcoeficierts.

In this framework the clusterdilation is performedby a
unique operdor: this operador worksduring the codingpro-
cessing,and it is actvated by meansof different coding
layersin orde to guaanteean R—D optimized progessve
codedbit-stream In previous works, the differert coding
stepcorrespondo separat@atterndilationor linking mech-
anisms.For examge thealgoithm describedn [5] consid-
ers3 stepswhich correspadto ourlayers(a), (b) and(d).

In EMDC, the layershave beenordereal by decreasingx-
pectedrequenciesof identification of significantcoeficients,
correspndirg to decreasingxpectedR—D perfamanceg?9].
In addition the four layersdo not actin a strictly sequen-
tial order but layer (a), which appeas the most effective,
is startedeachtime a new significantcoeficient is found.
Thecombirationof bit-plare quantizatio with suchaprior-
itized multiresolutiondilation, guarateesa goodR-D em-
beddng.

Thesoprodiucedprogessve bit-streams entrqy codel us-
ing anin-line context-basedadapive arithmeticcoder The

prokability tablesareassociatewith thequantizedit-stream

structureandwith causalkontects basedon paren-children
neighlorhoals. The entrqy codingis performedalsoon
refinemenbits. Furthe detailscanbefoundin [9, 10].

3. ADAPTIVE AND EXTENDED CONNECTIVITY
PATTERN ANALY SIS

The EMDC dilation strat@y is ableto detectmultiresolu
tion clustersandto work on anextended conrectvity basis
in order to go beyondfalseclusterbourdaries. This mech-
anismis implemerted throwgh the iterative dilation of the
clusterbourdaries(insignrficant-marlked coeficiernts which
encircleasignificar cluster)correspndirg to thelayer(c).
Subban clusterspresentdrreguar bourdariesbecage of
the comgex natue of images andthe oscillatingresponse
of wavelet filters. In fact, on the boundary of conneted
clusterstherearetypically arelatively few scatteredignif-
icantcoeficients,but it is difficult to forecasthedimersion
of theareainterestedo this pheromena. Suchcoeficierts
in thevicinity of a clusterarehereconsideed conrectedto
theclusteritself, liketherocks andstackswhich coud scat-
teranislandor anarchipelag. Therefore,the extentof the
searchingireaarowndaclustershouldbereasonaly limited
but maynotbefixeda-priai.

TheFig.1shovstheway thealgorithm searchesarourd
the clustersof significantcoeficientsatincreasinglistance
aslongasnew significantcoeficients arefound: the width
of the scannedareais adapively selectedon the basisof
the occurenceof newly significantcoeficients.In EMDC
the searchig by bourdary dilation of scatterectlustersis
repeatedintil two successie scangdo not leadto new sig-
nificantcoeficients,this canbejustified by consideing the
natureof theanalysidilter respmseswhile expeimentally
correspadsto thebesttradeoff betweertheability to cap-
turesignificantcoeficient andtherelateddescripion cost.
The gray line of Fig.1(a)is the boundary of a comgetely
exploredcluster afirst additioral dilation (Fig.1(b) allows
the detectionof the small conneted compamentsl and 2.
Thesecondlilation (c) doesnt find ary new significantco-
efficients,thusit representshe new clusterbowundary With
anotheraddtional dilation (d) the compments3 arefound
andwith (e)thecompament4. Finally, thetwo additioral di-
lationswhichfollow donotdetecthen compmentsthusthe
gray-wtite interfacein Fig.1(f) is thefinal exterdedcluster
bourdary;compments5 and6 areconsideredoo muchfar
from the“coast”,andwill becodedasconrectedto anotter
archipelag or asisolatedclusters.We obsere thatthe use
of a minimal 3x3 structuing elemen for clustergrowing
combiredwith the “adagive exterdedconrectiity” boun
dary detectim, actually entailsan adaptve mormpholaical
analysis,andallows to overcomethe statictradeoff, men-
tionedin Sec.1which limits othersmorptologicaldilation
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Fig. 1. Adaptive bourdaryanalysis

codirg appoaches.

In the next sectionwe evaluatethe validity of our source
modéd, basedn the definition of the abose multiresoldion

morphologcal opeaator In particularwe quarify the ad-

ditional dilation layer (c) contibution in termsof coding
perfamancemprovemen.

4. PERFORMANCE ANALYSIS

Quantitatve codng perfamanceresultsareherepresented
for theLena,BarbaraandGoldhill testimages.Thewavelet
transfomisimplementedonafive-level deconpositionwith
thepopuar 9/7-tapfilters. To highlight theovarall goodper
formanceof EMDC, PSNRcodingresultshasbeencom-
paredwith respectto the progessve SPIHT [1] algoiithm
(theoriginal softwareavailableon the SPIHT website! has
beerused).As shavnin Fig.2theEMDC algorithm reactes
for all bit-rates the bestPSNRperfomancefor the consid-

Lhttp:#www.cipr.rpi.edu/reseech/SPIHT/

eredimages.

In orderto quariify the contritution of the adapive boun
darydilationto theabove perfamance Fig.2 shovs the R—
D curwves obtainedy theimplemenationof EMDC without
thelayer(c). A coding gainof abou 0.151B at 0.5kpp and
0.3dBat 1bppdueto the adaptve bourdary dilation layer
demorstrateghattheadopedsolutionis effective.

5. CONCLUSIONS

This work dealtwith the adapive analysis of the bourdary
of significantcoeficient clusters,in orde to improve the
waveletsublanddescriptiorin amoresyntheticsignificance
mapcodng. Suchmorplologicalanalysishasbeenimple-
mentedas a layer of EMDC, a recently proppsedcodirg
technige, andthe actualcontritution of this layerwith re-
spectto the overall EMDC performarce hasbeenquarti-
fied here. The experimentalresultsactuallyshav an over-
all R—D perfamanceimprovemen dueto the clusterbounrt
dary analysis. We concluck that thanksto its particuar
morplologicalanalysisEMDC goesbeyond amereduality
with respectzeroteebasedechnigies,in addition the ad-
ditional boundarydialtion is a simplebut effective analysis
stepin termsof significancemapdescriptim. Fortheserea-
sons this kind of significancemapcodingappoachseems
to beaninterestindield for furtherinvestigaions: more ad-
vancedmormphologcal subbad analysegouldbe desigred
to captue othercoeficient features andto be embedeédin
thecodingalgorithmcausinga bit-saving descriptia of the
significance-rap. Moreover, investigationsshouldbe di-
rectednotonly towardsobjective qualityimprovenents but
alsoby consicering percepual quality criteria.
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Fig. 2. PSNRcurvesfor EMDC, EMDC withou the addi-
tional boundarydilation (layer(c)), andSPIHT[]] onthree
512)612testimages:-a-Lena,-b- Barbaraand-c- Goldhill.



