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ABSTRACT

Region-basediideo codingschemegmployedin MPEG-4
is alsopromisingfor still imagecodingapplicationsvhere
imagescontaina numberof objectsthat can be encoded
at differentbit rates,suchas compressiorof medicalim-
agesfor archving andtranmission.Motivatedby this fact,
in this paperwe investigatemulti-region and multi-quality
(MRMQ) coding basedon zerotreewavelet coders. We
presenanovel schemeavhichaddressetheregionsizesen-
sitivity problemin region-baseaoding. Theproposednethod
outperformgheregionof interestROI) codingunit of JIPEG-
2000,i.e.,it is possibleto save 0.3 bits perpixel to attainthe
sameROl/backgroundate-distortiorperformancewvith the
proposedIRMQ codingscheme.

1. INTRODUCTION

Region-basedtodingis oneof the mostimportantfeatures
provided by MPEG-4 and JPEG-2000. It allows impos-
ing heterogeneou®r region-dependent)delity constraints
ratherthanencodingthe entireimagewith a singlefidelity
constraint. For image coding applicationswhereimages
containa numberof objectsthat can be encodedat dif-
ferentbitrates,suchascompressiorof medicalimagedata
for archving andtransmissionit offersbetterutilization of
availablebit ratesincehighfidelity shallbemaintainecbnly
for relatively smallregionsratherthanfor theentireimage.
In multiple ROl imagecoding, it is essentiako repre-
sentarbitrary shaperegions efficiently. MPEG-4[1] uses
a block discretecosinetransform(DCT) basedmethodfor
region representatiordue to its computationalefficiency,
however this representatiorsuffers from annging block-
ing artifactsthatlimits its usefor low bit ratecoding.As an
alternatve, a waveletbasedmethodnamelyshapeadaptve
discretewavelettransform(SA-DWT) is introducedin [2].
This techniqueoffers superiorrate-distortionperformance
andbettervisual quality thanMPEG-4s DCT basedmnech-
anism. SA-DWT retainsmost of the featuresof corven-
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tional DWT, including multiresolutionpropertyandlocal-
ity. Thus,region-basedxtensionsf compressiorefficient
wavelet coeficient coders,EZW and SPIHT, are success-
fully employed for coding arbitrary-shapeegions[2]. In
JPEG-20003], heterogeneoufidelity coding problemis
examinedfrom a differentpoint of view, thatis, insteadof
using SA-DWT, corventionalDWT is used.Thetransform
coeficientsrequiredfor reconstructiorof variousregionsis
differentiatedn the transformdomain,and heterogeneous
fidelity is obtainedby appropriatelypartitioningthe avail-
able bit rate amongtransformcoeficients, i.e., allocating
morebits to transformcoeficientsthat arerequiredfor the
reconstructiorof a region at high fidelity andlessbits for
the remainingcoeficients. This mechanisnprovidesin-
teractive encodingutility, however it is highly inferior to
the otherschemeghatemploys SA-DWT in termsof rate-
distortion(R-D) performance.

In this work, we use SA-DWT for region representa-
tion dueto its superiorrepresentatiorfficiency. Our aim
is to addresswo importantproblemsobsenedin encoding
of arbitraryshaperegion representationsl) For communi-
cationover distributednetworks, it is beneficialto transmit
a scalablebit stream,i.e., the encodingmechanisnshould
provide resolution distortionandcomputationascalability
Even though JPEG-200C0encompassethe first two prop-
erties,the codingmechanisndoesnot guarantee&omputa-
tional scalability (dueto tier 2 of the coding mechanism)
for the encoder Therefore we adoptSPIHT algorithmfor
MRMQ coding sinceit exhibits comparableR-D perfor
manceto JPEG-200@vithoutsacrificingaforementionegrop-
erties.2) Treebasedvaveletcodersarefoundto benotvery
efficientfor encodingregionsof relatively smallsizedueto
useof exponentiallygrowing trees. We addresshis prob-
lem by introducinga novel schemébasedn unbalanced ze-
rotrees. The proposedechniqueoutperformthe region of
interest(ROI) codingunit of JPEG-20003] andtheSPIHT-
ROI coder[4] in termsof rate-distortionperformance.In
addition, they provide a more generalmulti-region multi-
quality (MRMQ) coding framework ratherthan ROI/non-
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ROI coding.

The restof the paperis organizedas follows: In Sec-
tion 2, we presentan overview of the MRMQ coding. In
Section3 incorporationof MRMQ coding functionality to
zerotree-basedaveletcoderss given. Rate-distortiorper
formanceof theproposedechniques providedin Sectiord.
The paperconcludeswvith Section 5.

2. MULTIPLE ROI CODING

Theimageplane,denotedy (2, is asetof latticepointsover
which theimagefunctionis defined.Within the transform-
basedcodingframework, theimagefunctionis tranformed
into a more sparse(or enegy localized) function defined
over the transformcoeficient plane A. In MRMQ coding,
theimageplane( is partitionedinto N disjoint subsetsS?;
it = 0,..., N — 1. The union of thesesubsetgjivesthe
entireimage plane, 2. During the encodingprocessfor
eachregion, a separatelistortioncriteriais used;.e.

D) <D, 0<i<N
To achieve high compressionpneneedsa sparsgor highly
structured)epresentatioffior eachregion. This canbe ac-
complishedby usingregion-based transforms. The region-
basedransformmapstheimagesamplesf eachregion 2,
into a setof transformcoeficientsdefinedover A;, where
A; € A. Notethat, althoughregion-basedransformpro-
vides a maximally-decimatedepresentatiorf the region
samplesit is possiblethat

ANA;#0, for i #j

In otherwords, critically sampledrepresentationsf com-
pletely separatedegionsdoesnot guarantee&ompletesep-
arationin transformdomain. However, by choosingappro-
priatetransformsit is possibleto make subset\;’s mutually
disjointwith the property

A=A (1)

The region-basedransformghat satisfythis propertyhave
two importantfeaturesFirst, conventionalttransformcoefi-
cientcodersareusuallydefinedio encodearectangulagrid
of coeficientsandtheir modificationto region-basedcod-
ing usually startswith encapsulatinghe arbitrarily shaped
subsef?; to aboundingrectangulaframewhichis followed
by encodingof correspondingegionrepresentatiorgnere-
gionatatime. Therestrictionimposedby equation(1) pre-
cludesadaptatiorof codingmechanisnto varyingbounding
framesizesandfacilitatesthe useof the conventionaltrans-
form coeficient planecodingmechanisnwith smallmodi-
ficationsonly. Secondijt providesflexibility in the efficient

interleaving of bit streamsproducedfor differentregions,
without the needof a post-processingomponent.The de-
compositionstratgyy proposedn [2] is usedin thiswork, as
it exhibits both of thesefeatures.

3. ZEROTREE BASED MRMQ CODING

In thefollowing sectionswe presentMRMQ codingbased
onthe SPIHT algorithm. Application of proposednethods
to other zerotree-basediavelet codersis straightforward.
Hereafterthedefinitionsandnotationsgdevelopedn [5] will
beused.

3.1. MRMQ-SPIHT with Set of Descendent L abels

Themethodproposedn this sectionis inspiredby thework
of Park et al. [4] whereROI coding capabilityis incorpo-
ratedinto SPIHT encodetby partitioningthe waveletcoef-
ficient planeinto two subsetsnamelythe subsebf wavelet
coeficients(referredasthesetof ROI coeficients)required
for thereconstructiorf selectedROl samplesandthecom-
plementof this subset. The problemwith this approach
is that numberof ROI coeficientsusedto reconstructhe
ROI is usually greaterthan numberof sampleswithin the
ROI. For example,in [4], oneneedgo encodel21 wavelet
coeficientsto describea 4-by-4 ROI. This non-decimated
descriptionof ROl degradesthe compressiorperformance
substantiallyFurthermoreastheROI representatiois over-
complete,it is not possibleto achieve a precisecontrol on
the reconstructiorguality of the regions. Thus, it is more
beneficialto usecritically sampledwavelet transformsto
obtaindisjoint representationfor all regions,which results
in betterrate-distortionperformance.ln addition,we pro-
posemulti-regioncodingfunctionalityratherthana ROl/non-
ROI codingfunctionality, which providesa precisecontrol
overregion fidelitiesandenablesoncurrentcodingof sev-
eralregionsif required.

In zerotreecoding,the tree nodewith index i hasone-
to-onecorrespondenceith the waveletcoeficientwith in-
dex i. Let v(i) bethelabelof this coeficient (andthe cor-
respondingnode),i.e., if i € A;, thenv(i) = [. When
the wavelet representationsf arbitrary shaperegions are
coded,we encountedifferentlabel nodeswithin the same
zerotreestructure.Considerencodingof the transformco-
efficientspertainingto region [ in this case.An implemen-
tation (suchasthe oneproposedn [6]) canbe obtainedby
partitioningall zerotreesasin corventionalcaseandsend-
ing informationonly aboutthenodesassociatewith wavelet
coeficients of region [. However, we can savze more bits
sincethereis no needto transmitthe partitioninginforma-
tion for (sub-)treesvhich do nothave ary descendentodes
pointingto waveletcoeficientsof region (. To describehe
proposedschemeit is instructive to introducethe notion of
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sets of descendent labels, whichis definedas:

i) = |J {vurk) )
)

keO(i

whereO(i) denoteghedirectdescenden(offspringor chil-
dren)nodesspreadingrom nodei, asdefinedin [5]. Recall
from SPIHTalgorithmthat,list of insignificantpixels (LIP)
and list of insignificantsets(LIS) areinitialized by using
the setof wavelet coeficientswithin the lowestresolution
subbanddenotedby H. However, whenregion [ is to be
encodedthesdists shouldbeinitialized by using

HEP = {i| ie (HNA)} (3)

HIS = {i] 1€ Y(i), i€ H)} (4)

whereLIP is initialized by usingthe coordinatesi € H}'P
and LIS is initialized by the zerotreeroots with indices,
i € HFS. Anothermodificationto original SPIHT algo-
rithm occursat the setpartitioning stage,i.e., only the ze-
rotreeg(representetly root nodesi) for which! € Y (i) are
partitionedand no bits are transmittedregardingthe parti-
tioning information of remainingtrees. An importantfea-
ture of the schemds that, it is relatively straightforwardto
extendthealgorithmto encodemultiple regionsata desired
quality altogetherwhich might bebeneficialf completen-
dependencef region bitstreamss not requiredanda con-
text basedarithmeticcoderis usedto exploit thedependen-
ciesamongneighboringwaveletcoeficients.

MRMQ-SPIHT algorithm describedabove is not very
efficient when relatively small size regions are to be en-
coded. This problemis discussedn the following section
and a low-compleity solutionis proposedoy introducing
the concepibof unbalanced zerotrees.

3.2. MRMQ-SPIHT with Unbalanced Zerotrees

To further improve the performanceof MRMQ-SPIHT al-
gorithm describedabove, we provide a solution basedon
the following obsenation: 1) When a region of relatively
small sizeis encodedthe region’s wavelet coeficientsare
localizedover a very small portion of the zerotree.In this
casejf we enablethe useof nodesfrom lower levelsof ze-
rotrees,i.e., nodesotherthanrootsof zerotreesuponLIS
initialization, we cansave the redundanbits transmittedo
reachthesub-treecomprisingthewaveletcoeficientsof the
region from the root of the zerotree.2) If we canestablish
homogeneityin treestructuresj.e., if all nodesof thetree
have a commonlabel,thenwe do not needbookkeepingof
setsdescendentbelsduringencoding.Basedon theseob-
senations,we proposeunbalanced zerotrees which will be
decribednext.

Assumethat the zerotreesare built asquadtreesasde-
scribedin the original SPIHT algorithm. This construction
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Fig. 1. Comparisorof region size sensitvity of proposed
methods.

resultsin mismatchbetweenabelsof somenodesandthe
labelsof their parentnodes. To obtainhomogeneityin the
treestructure the following treereconstructiorschemecan
be used: If the label of a nodein a tree doesnot agree
with the label of its parent,the parentnodeis saidto be
pseudo-parentandin this case,the nodeis disconnected
from its pseudo-parerdnda new (real) parentis soughtfor
this node. The real parentis definedas one of the eight-
connectedeighborsof the pseudo-parerandhasthe same
label asthe correspondingiode. If sucha parentnodeis
found,thenodeis connectedo its realparentotherwisethe
nodeitself is usedasa zerotreeroot uponLIS initilization.
The proposedreestructuremovestheintroducedcomplex-
ity to theinitialization stage,no longerrequiresbookkeep-
ing of the setsof descendentabelsand the comparisons
aboutthe setsof descendentabels. Furthermore,t per
formswell whenregionsof relatively small sizesareto be
encoded.

4. EXPERIMENTAL RESULTS

In this section,the performanceof MRMQ codersis dis-
cussedFor brevity, MRMQ-SPIHTwith Setof Descendent
Labelswill bereferredasMethodA andRMQ-SPIHTwith
Unbalancederotreewill bereferredasMethodB. The9/7
biorthogonalwaveletbasisis usedin the experiments.

In thefirst partof the experimentscompressiomperfor
manceof the two methodss comparedagainstvarying re-
gionsizes.The512-by-512Angio imageis usedn this part.
A circularregion, centeredat the centerpixel of the Angio
imageis selectedandthe objectve PSNRvaluefor the re-
gionis fixedat 40 dB. The correspondingit ratesfor this
PSNRvalueis measuredor variousradiusvalues.There-
sultsare providedin Fig. 1. As canbe seenin the figure,
MethodB outperformaviethodA for smallregionsizesand
they performalmostequallyasthe region sizegrows. This
resultfavors the useof Method B whenthe imageis to be
encodedasmultiple regionsof relatively smallsizes.
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Fig. 2. Compressionperformancecomparisonof ROI-
SPIHTandMethodA.

In the secondpart of the experimentsthe performance
of MRMQ-codersis comparedwith the ROI-SPIHT in [4]
andthe ROI codingunit of JPEG-200(3]. Firstconsider
ROI-SPIHT of Park et. al. [4]. This coderis takenasref-
erencesinceit outperformsall previously proposedSPIHT
ROI-coding schemesdn termsof R-D performance. The
256-by-256_enaimagewith 51-by-51ROI and512-by-512
Baboon imagewith 101-by-151ROI areusedfor compari-
son. the R-D curwesis providedin Figure 2.(a). In terms
of ROI-PSNR,Method A performs10 dB.(/7 dB.) better
thanROI-SPIHTwhenROI of Lena(/Baboon)mageis en-
coded. This is dueto useof maximally decimatedvavelet
representatioffior the ROI ratherthanuseof wavelet coef-
ficientsrequiredfor reconstructiorof ROI, sincethe num-
berof waveletcoeficientsrequiredfor reconstructiorof the
ROl is usuallyfargreatethannumberof samplesvithin the
ROI. Hence,ascanbeseenin Figure 2.(b),it is possibleto
achieve 0.2(/0.15)bpp. gainin the overall bit rateto attain
the sameROI/backgroundjuality even thoughthe areaof
ROI is only 4%(/5.8%)of theimagearea.

The performancef the MRMQ-coderis alsocompared
with theROI encodenf JPEG-2000The720-by-576Gold-
hill imagewith a 320-by-200ROI is usedfor comparison.
JPEG-200@o not provide a precisecontrolmechanisior
the distortionsin the ROI/non-ROI andthe discrimination
of thequality of ROI/non-ROl is achiezedby simply down-
scalingwavelet coeficients pertainingto the background.
The ROI coding performanceof JPEG-2000s taken from
[3] for scale= 11. In termsof ROI rate-distortionperfor

mance,Method A performs,on average4 dB. betterthan
JPEG-2000whenROI of Goldhillimageis encodedHence,
MethodA providesa 0.3 bpp. gainin the overall bit rateto
attainthe sameROI/non-ROI quality whenthe ROI areais
15%of theimagearea.

5. CONCLUSION

In thispaperMRMQ codingbasednzerotree-vaveletcod-
ing algorithmis presented.The waveletrepresentationsf

arbitrary shaperegions are encodedusing a modified ver

sion of the SPIHT algorithm. Region sizesensitvity prob-
lem of this tree-basedoderis adressedy introducingthe
conceptof unbalanced zerotrees. Extensve experimental
resultsshav that the proposedcodersperform significatly
betterthanregion codingscheme®f JPEG-200andROI-

SPIHT, which makesthemsuitablefor region-basedmage
compressiompplications.
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