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ABSTRACT

Region-basedvideocodingschemesemployedin MPEG-4
is alsopromisingfor still imagecodingapplicationswhere
imagescontaina numberof objectsthat can be encoded
at differentbit rates,suchas compressionof medicalim-
agesfor archiving andtranmission.Motivatedby this fact,
in this paperwe investigatemulti-region andmulti-quality
(MRMQ) coding basedon zerotreewavelet coders. We
presentanovel schemewhichaddressestheregionsizesen-
sitivity problemin region-basedcoding.Theproposedmethod
outperformstheregionof interest(ROI) codingunit of JPEG-
2000,i.e., it is possibleto save0.3bitsperpixel to attainthe
sameROI/backgroundrate-distortionperformancewith the
proposedMRMQ codingscheme.

1. INTRODUCTION

Region-basedcodingis oneof themostimportantfeatures
provided by MPEG-4 and JPEG-2000. It allows impos-
ing heterogeneous(or region-dependent)fidelity constraints
ratherthanencodingtheentireimagewith a singlefidelity
constraint. For image coding applicationswhere images
contain a numberof objectsthat can be encodedat dif-
ferentbitrates,suchascompressionof medicalimagedata
for archiving andtransmission,it offersbetterutilization of
availablebit ratesincehighfidelity shallbemaintainedonly
for relatively smallregionsratherthanfor theentireimage.

In multiple ROI imagecoding, it is essentialto repre-
sentarbitraryshaperegionsefficiently. MPEG-4 [1] uses
a block discretecosinetransform(DCT) basedmethodfor
region representationdue to its computationalefficiency,
however this representationsuffers from annoying block-
ing artifactsthatlimits its usefor low bit ratecoding.As an
alternative,a waveletbasedmethod,namelyshapeadaptive
discretewavelet transform(SA-DWT) is introducedin [2].
This techniqueoffers superiorrate-distortionperformance
andbettervisualquality thanMPEG-4’sDCT basedmech-
anism. SA-DWT retainsmost of the featuresof conven-

tional DWT, including multiresolutionpropertyand local-
ity. Thus,region-basedextensionsof compressionefficient
wavelet coefficient coders,EZW andSPIHT, aresuccess-
fully employed for codingarbitrary-shaperegions [2]. In
JPEG-2000[3], heterogeneousfidelity coding problemis
examinedfrom a differentpoint of view, that is, insteadof
usingSA-DWT, conventionalDWT is used.Thetransform
coefficientsrequiredfor reconstructionof variousregionsis
differentiatedin the transformdomain,andheterogeneous
fidelity is obtainedby appropriatelypartitioningthe avail-
able bit rate amongtransformcoefficients, i.e., allocating
morebits to transformcoefficientsthatarerequiredfor the
reconstructionof a region at high fidelity andlessbits for
the remainingcoefficients. This mechanismprovides in-
teractive encodingutility, however it is highly inferior to
the otherschemesthatemploys SA-DWT in termsof rate-
distortion(R-D) performance.

In this work, we useSA-DWT for region representa-
tion dueto its superiorrepresentationefficiency. Our aim
is to addresstwo importantproblemsobservedin encoding
of arbitraryshaperegion representations.1) For communi-
cationover distributednetworks,it is beneficialto transmit
a scalablebit stream,i.e., the encodingmechanismshould
provideresolution,distortionandcomputationalscalability.
Even thoughJPEG-2000encompassesthe first two prop-
erties,thecodingmechanismdoesnot guaranteecomputa-
tional scalability (due to tier 2 of the coding mechanism)
for the encoder. Therefore,we adoptSPIHTalgorithmfor
MRMQ coding since it exhibits comparableR-D perfor-
mancetoJPEG-2000withoutsacrificingaforementionedprop-
erties.2) Treebasedwaveletcodersarefoundto benotvery
efficient for encodingregionsof relatively smallsizedueto
useof exponentiallygrowing trees. We addressthis prob-
lemby introducinganovelschemebasedonunbalanced ze-
rotrees. Theproposedtechniquesoutperformtheregion of
interest(ROI) codingunit of JPEG-2000[3] 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 codingfunctionality to
zerotree-basedwaveletcodersis given.Rate-distortionper-
formanceof theproposedtechniqueisprovidedin Section4.
Thepaperconcludeswith Section 5.

2. MULTIPLE ROI CODING

Theimageplane,denotedby � , is asetof latticepointsover
which theimagefunctionis defined.Within thetransform-
basedcodingframework, the imagefunction is tranformed
into a more sparse(or energy localized) function defined
over the transformcoefficient plane � . In MRMQ coding,
theimageplane� is partitionedinto N disjoint subsets,������
	���
�
�
��������

. The union of thesesubsetsgives the
entire imageplane, � . During the encodingprocess,for
eachregion,a separatedistortioncriteriais used,i.e.����������� � � � 	 � �"!#�
To achievehigh compression,oneneedsa sparse(or highly
structured)representationfor eachregion. This canbe ac-
complishedby usingregion-based transforms. Theregion-
basedtransformmapstheimagesamplesof eachregion � �
into a setof transformcoefficientsdefinedover � � , where� �%$ � . Note that, althoughregion-basedtransformpro-
vides a maximally-decimatedrepresentationof the region
samples,it is possiblethat

�&�(')��*)+�-,.� for
� +�0/

In otherwords,critically sampledrepresentationsof com-
pletelyseparatedregionsdoesnot guaranteecompletesep-
arationin transformdomain.However, by choosingappro-
priatetransforms,it ispossibletomakesubset� � ’smutually
disjoint with theproperty1 2�3

�5476 �&� � � (1)

Theregion-basedtransformsthatsatisfythis propertyhave
two importantfeatures.First,conventionaltransformcoeffi-
cientcodersareusuallydefinedto encodearectangulargrid
of coefficientsandtheir modificationto region-basedcod-
ing usuallystartswith encapsulatingthe arbitrarily shaped
subset� � to aboundingrectangularframewhichis followed
by encodingof correspondingregionrepresentation,onere-
gionat a time. Therestrictionimposedby equation(1) pre-
cludesadaptationof codingmechanismtovaryingbounding
framesizesandfacilitatestheuseof theconventionaltrans-
form coefficientplanecodingmechanismwith smallmodi-
ficationsonly. Second,it providesflexibility in theefficient

interleaving of bit streamsproducedfor different regions,
without theneedof a post-processingcomponent.Thede-
compositionstrategy proposedin [2] is usedin thiswork, as
it exhibits bothof thesefeatures.

3. ZEROTREE BASED MRMQ CODING

In thefollowing sections,we presentMRMQ codingbased
on theSPIHTalgorithm.Applicationof proposedmethods
to other zerotree-basedwavelet codersis straightforward.
Hereafter, thedefinitionsandnotationsdevelopedin [5] will
beused.

3.1. MRMQ-SPIHT with Set of Descendent Labels

Themethodproposedin thissectionis inspiredby thework
of Park et al. [4] whereROI codingcapability is incorpo-
ratedinto SPIHTencoderby partitioningthewaveletcoef-
ficient planeinto two subsets,namelythesubsetof wavelet
coefficients(referredasthesetof ROI coefficients)required
for thereconstructionof selectedROI samplesandthecom-
plementof this subset. The problem with this approach
is that numberof ROI coefficientsusedto reconstructthe
ROI is usuallygreaterthannumberof sampleswithin the
ROI. For example,in [4], oneneedsto encode121wavelet
coefficientsto describea 4-by-4 ROI. This non-decimated
descriptionof ROI degradesthe compressionperformance
substantially. Furthermore,astheROI representationisover-
complete,it is not possibleto achieve a precisecontrol on
the reconstructionquality of the regions. Thus, it is more
beneficialto usecritically sampledwavelet transformsto
obtaindisjoint representationsfor all regions,which results
in betterrate-distortionperformance.In addition,we pro-
posemulti-regioncodingfunctionalityratherthanaROI/non-
ROI codingfunctionality, which providesa precisecontrol
over region fidelitiesandenablesconcurrentcodingof sev-
eralregionsif required.

In zerotreecoding,the treenodewith index 8 hasone-
to-onecorrespondencewith thewaveletcoefficientwith in-
dex 8 . Let 9;:<8>= be the labelof this coefficient (andthecor-
respondingnode), i.e., if 8�?@��A , then 9B:C8>= �ED . When
the wavelet representationsof arbitrary shaperegions are
coded,we encounterdifferentlabel nodeswithin the same
zerotreestructure.Considerencodingof the transformco-
efficientspertainingto region

D
in this case.An implemen-

tation(suchastheoneproposedin [6]) canbeobtainedby
partitioningall zerotreesasin conventionalcaseandsend-
ing informationonlyaboutthenodesassociatedwith wavelet
coefficients of region

D
. However, we can save more bits

sincethereis no needto transmitthepartitioninginforma-
tion for (sub-)treeswhichdonothaveany descendentnodes
pointingto waveletcoefficientsof region

D
. To describethe

proposedscheme,it is instructive to introducethenotionof
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sets of descendent labels, which is definedas:F :C8>= � G.HJI �LK � M 9B:CNO=QP F :CNO=SR (2)

whereTU:<8>= denotesthedirectdescendent(offspringor chil-
dren)nodesspreadingfrom node8 , asdefinedin [5]. Recall
from SPIHTalgorithmthat,list of insignificantpixels(LIP)
and list of insignificantsets(LIS) are initialized by using
the setof wavelet coefficientswithin the lowestresolution
subband,denotedby V . However, whenregion

D
is to be

encoded,theselistsshouldbeinitializedby using

V�WYX[ZA � M 8C\�8�?]:LV^')��A>=_R (3)

V�W`XbaA � M 8C\ D ? F :<8>= � 8�?cVdR (4)

whereLIP is initializedby usingthecoordinates,87?cV WYX[ZA
and LIS is initialized by the zerotreeroots with indices,8e?fV W`XbaA . Anothermodificationto original SPIHT algo-
rithm occursat the setpartitioningstage,i.e., only the ze-
rotrees(representedby rootnodes8 ) for which

D ? F :<8S= are
partitionedandno bits aretransmittedregardingthe parti-
tioning informationof remainingtrees. An importantfea-
tureof theschemeis that, it is relatively straightforwardto
extendthealgorithmto encodemultipleregionsatadesired
qualityaltogether, whichmightbebeneficialif completein-
dependenceof region bitstreamsis not requiredanda con-
text basedarithmeticcoderis usedto exploit thedependen-
ciesamongneighboringwaveletcoefficients.

MRMQ-SPIHT algorithm describedabove is not very
efficient when relatively small size regions are to be en-
coded. This problemis discussedin the following section
anda low-complexity solution is proposedby introducing
theconceptof 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 observation: 1) Whena region of relatively
small sizeis encoded,the region’s wavelet coefficientsare
localizedover a very small portion of the zerotree.In this
case,if we enabletheuseof nodesfrom lower levelsof ze-
rotrees,i.e., nodesotherthanrootsof zerotrees,uponLIS
initialization, we cansave theredundantbits transmittedto
reachthesub-treecomprisingthewaveletcoefficientsof the
region from theroot of thezerotree.2) If we canestablish
homogeneityin treestructures,i.e., if all nodesof the tree
have a commonlabel,thenwe do not needbookkeepingof
setsdescendentlabelsduringencoding.Basedon theseob-
servations,we proposeunbalanced zerotrees which will be
decribednext.

Assumethat the zerotreesarebuilt asquadtreesasde-
scribedin theoriginal SPIHTalgorithm. This construction
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Fig. 1. Comparisonof region sizesensitivity of proposed
methods.

resultsin mismatchbetweenlabelsof somenodesandthe
labelsof their parentnodes.To obtainhomogeneityin the
treestructure,thefollowing treereconstructionschemecan
be used: If the label of a node in a tree doesnot agree
with the label of its parent,the parentnodeis said to be
pseudo-parent,and in this case,the nodeis disconnected
from its pseudo-parentanda new (real)parentis soughtfor
this node. The real parentis definedasoneof the eight-
connectedneighborsof thepseudo-parentandhasthesame
label as the correspondingnode. If sucha parentnodeis
found,thenodeis connectedto its realparent,otherwisethe
nodeitself is usedasa zerotreeroot uponLIS initilization.
Theproposedtreestructuremovestheintroducedcomplex-
ity to the initialization stage,no longerrequiresbookkeep-
ing of the setsof descendentlabelsand the comparisons
about the setsof descendentlabels. Furthermore,it per-
formswell whenregionsof relatively small sizesareto be
encoded.

4. EXPERIMENTAL RESULTS

In this section,the performanceof MRMQ codersis dis-
cussed.For brevity, MRMQ-SPIHTwith Setof Descendent
Labelswill bereferredasMethodA andRMQ-SPIHTwith
UnbalancedZerotreeswill bereferredasMethodB. The9/7
biorthogonalwaveletbasisis usedin theexperiments.

In thefirst partof theexperiments,compressionperfor-
manceof the two methodsis comparedagainstvaryingre-
gionsizes.The512-by-512Angio imageis usedin thispart.
A circular region, centeredat thecenterpixel of theAngio
imageis selectedandthe objective PSNRvaluefor the re-
gion is fixedat 40 dB. Thecorrespondingbit ratesfor this
PSNRvalueis measuredfor variousradiusvalues.There-
sultsareprovided in Fig. 1. As canbe seenin the figure,
MethodB outperformsMethodA for smallregionsizesand
they performalmostequallyastheregion sizegrows. This
resultfavors the useof MethodB whenthe imageis to be
encodedasmultiple regionsof relatively smallsizes.
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Fig. 2. Compressionperformancecomparisonof ROI-
SPIHTandMethodA.

In thesecondpartof theexperiments,theperformance
of MRMQ-codersis comparedwith the ROI-SPIHT in [4]
andthe ROI codingunit of JPEG-2000[3]. First consider
ROI-SPIHT of Park et. al. [4]. This coderis taken asref-
erencesinceit outperformsall previously proposedSPIHT
ROI-coding schemesin termsof R-D performance. The
256-by-256Lena imagewith 51-by-51ROI and512-by-512
Baboon imagewith 101-by-151ROI areusedfor compari-
son. the R-D curvesis provided in Figure 2.(a). In terms
of ROI-PSNR,Method A performs10 dB.(/7 dB.) better
thanROI-SPIHTwhenROI of Lena(/Baboon)imageis en-
coded.This is dueto useof maximallydecimatedwavelet
representationfor theROI ratherthanuseof waveletcoef-
ficientsrequiredfor reconstructionof ROI, sincethe num-
berof waveletcoefficientsrequiredfor reconstructionof the
ROI is usuallyfargreaterthannumberof sampleswithin the
ROI. Hence,ascanbeseenin Figure 2.(b), it is possibleto
achieve 0.2(/0.15)bpp. gain in theoverall bit rateto attain
the sameROI/backgroundquality even thoughthe areaof
ROI is only 4%(/5.8%)of theimagearea.

Theperformanceof theMRMQ-coderis alsocompared
with theROI encoderof JPEG-2000.The720-by-576Gold-
hill imagewith a 320-by-200ROI is usedfor comparison.
JPEG-2000donot providea precisecontrolmechanismfor
the distortionsin the ROI/non-ROI andthe discrimination
of thequalityof ROI/non-ROI is achievedby simplydown-
scalingwavelet coefficients pertainingto the background.
The ROI codingperformanceof JPEG-2000is taken from
[3] for scale= 11. In termsof ROI rate-distortionperfor-

mance,MethodA performs,on average4 dB. betterthan
JPEG-2000,whenROI of Goldhill imageisencoded.Hence,
MethodA providesa 0.3bpp. gainin theoverall bit rateto
attainthesameROI/non-ROI quality whentheROI areais
15%of theimagearea.

5. CONCLUSION

In thispaper, MRMQ codingbasedonzerotree-waveletcod-
ing algorithmis presented.Thewavelet representationsof
arbitraryshaperegionsareencodedusinga modifiedver-
sionof theSPIHTalgorithm. Region sizesensitivity prob-
lem of this tree-basedcoderis adressedby introducingthe
conceptof unbalanced zerotrees. Extensive experimental
resultsshow that the proposedcodersperformsignificatly
betterthanregion codingschemesof JPEG-2000andROI-
SPIHT, which makesthemsuitablefor region-basedimage
compressionapplications.
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