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ABSTRACT

We presenta packetizationmethodfor robust imagetrans-
mission over packet erasurechannels. The packets are
formedin sucha way that the imageinformationis spread
overdifferentfrequency bandsandspatiallocationsto avoid
completedisruptionof certain imageblocks in caseof a
packet loss. Experimentalresultsareprovided to demon-
stratetheperformanceof this method.

1. INTRODUCTION

Moderncommunicationsystemscanexperiencea wide va-
rietyof channelconditionsfrom individualbit errorstopack-
et losses.In block basedcoderssuchasJPEGtheeffect of
errorscanbe limited to a givenblock. Certainstateof the
art codersusewavelettransformandperformglobalcoding
of coefficients. Thesecoderscan experiencecatastrophic
failuresin caseof bit errorsor packet losses.

In order to maximizecompressionefficiency, wavelet
basedcoderssuchasShapiro’sEZW [1] or SaidandPearl-
man’s SPIHT [2] rely on stateinformation. In suchcases
any error can lead to a breakdown at the decoder. In a
packet network a lost packet frequently causescomplete
lossof synchronizationat thereceiving end.

One could useunequalForward Error Control (FEC)
codingtoprotecttheimagedataandcombinethatwith pack-
etizationasdonein [3]. Theamountof protectiondepends
on the noisinessof the channel. In the caseof the Inter-
net, that may changevery rapidly even during the transfer
of an image. An alternateapproachis to make the image
codermorerobustto preventcatastrophicfailures.A Pack-
etizedZerotreeWavelet (PZW) schemeis proposedin [4]
that groupsindividual zerotreesinto packets by changing
theSPIHTencodingorder. Thusany packet losswill only
have effect on the spatial locationsof the imagethat the
givenzerotreescorrespondto. In [5] the robustnessof the
packetizedcoderis enhancedby usinga macroscopicmul-
tistagecompressionmethod,with thefirst stageimagedata

beingprotectedby FEC.
In this paperwe proposea new packetizationscheme

basedon the MultiGrid Embedding(MGE) coding [6] by
Lan andTewfik. In zerotreebasedpacketizationmethods,
packets containone or more zerotrees. Any loss of data
tendsto destroy the correspondingspatial location in the
image.With ourproposedmethodtheeffectof packetlosses
is not concentratedon a given spatial location but spread
overdifferentlocationsandfrequencies.

In Section2 an overview of the MGE coding is pre-
sented,Section3 containsthe descriptionof the proposed
algorithm. Section4 shows the resultsandSection5 con-
cludesthis paper.

2. MULTIGRID EMBEDDING

MultiGrid Embedding(MGE) coding,like SPIHTor EZW,
is basedon the wavelet transform,but usesan alternative
to the zerotreestructurefor quantization.Both MGE and
SPIHTperformbitplanecoding;thedifferenceis in theiden-
tificationof significantcoefficientsfor eachbitplane.SPIHT
useszerotreesthat try to exploit the spatialsimilaritiesbe-
tweensubbands.This introducesahierarchicaldependence
into the coding. MGE usesa quadtreestyle decomposi-
tion instead. Starting from the entire image, a quadtree
searchis conductedto find the significantcoefficients on
the given bitplane. For eachimageblock a singlebit de-
scribeswhetherit containssignificantcoefficients or not.
Thequadtreedecompositionis continueduntil it reachesthe
individual coefficient. The insignificantblocks are revis-
ited in subsequentbitplanes(see[6]). The performanceof
thealgorithmis similar to SPIHTfor mostimages,but out-
performsSPIHTon imageswith significanthigh frequency
informationwherethis searchmethodreachesthosecoeffi-
cientsfasterthanthezerotreedescription.Therealsignifi-
canceof MGE for this work lies in the fact that thecoding
canbedonewithout dependenciesbetweensubbands,thus
allowing thecodingto proceedin almostany arbitraryorder.



3. SPREAD SPATIAL LOCATION
PACKETIZATION

In a zerotreebasedcodercoefficientson thesamezerotree
correspondto thesamespatiallocationin theimage.When
packets are formed of several zerotrees,the loss of such
packet resultsin thelossof informationat thegivenspatial
locations,formingablankspoton theimage.Thisproperty
is the consequenceof the zerotreestructure. The coding
of higherfrequency coefficientsat thesamespatiallocation
dependsonthecodingof lowerfrequency coefficientsat the
samelocation.

MGE is a flexible alternative to the zerotreestructure.
The codingdependenciesonly exist in the quadtreestruc-
ture. Thus by choosingthe appropriateinitial block size
for the quadtreeidentificationprocessdifferentspatiallo-
cationscanbe codedseparately. This block size is differ-
enton eachwaveletdecompositionlevel to ensureit corre-
spondsto thesameblock sizein thespatialdomain.These
non-overlappingblocksform thestartingblocksfor thesig-
nificancecheckas opposedto the entire imagebeing the
startingblock in theoriginal MGE algorithm.On onehand
this changewill decreasecompressionefficiency asmany
blocksthatwould normallybecodedaftera singlesignifi-
cancecheckat a givenbitplanewill have to beindividually
compared.On theotherhandthis changemakesit possible
to codedifferent spatial locationsand frequency contents
independently.

We partition thesetof all waveletcoefficientsinto col-
lectionswith thepropertythateachcollectioncontainsone
(rectangular)groupof wavelet coefficientsfrom eachsub-
band. Eachsuchgroup correspondsto a different spatial
locationin the image,but of thesamespatiallocationsize.
Theassignmentof thegroupsto collectionsis randomized.
It guaranteesthatall waveletcoefficientsareassignedto one
andonly onecollection. The assignmentalsoensuresthat
thespatiallocationscorrespondingto thegroupsin acollec-
tion arenon-overlapping.We call this partition a random-
izedcollection.

Usingarandomizedcollectionshastheeffectof apacket
lossspreadover spatiallocations.Eachaffectedspatiallo-
cationis missinga differentfrequency componentmaking
thevisuallosslessnoticeable.

Thecodingproceedsin two phases.Thefirst phaseis a
“dry run” whentheencodercollectstherateinformationfor
eachrandomizedcollectionfor thegiventargetbitrate.The
secondphaseis the actualpacket formation. The encoder
tries to packevery packet asfully aspossible,evenallow-
ing the sumof the ratesto exceedthepacket sizeby some
margin if without thelastrandomizedcollectionthepacket
is underfilled. Thussomerandomizedcollectionswill have
morerateassignedto themthanin thenon-packetizedcod-
ing, while otherswill have a lower rate description. The

packingis carriedoutin theorderknownbothto theencoder
anddecoder. Theoverheadinformationis limited to these-
quencenumberof the startingrandomizedcollection and
thenumberof randomizedcollectionsin thegivenpacket.

4. EXPERIMENTAL RESULTS

To demonstratetheperformanceof theproposedschemewe
usedthe �������	�
��� greyscaleLena and Peppersimages.
The imagesweretransformedwith a � -level wavelet trans-
form using the 
���� filters from [7]. The assignmentof
waveletdomainblocksto randomizedcollectionswasgen-
eratedaheadof time and usedfor all test images. There
werea total of ����� randomizedcollections,corresponding
to a block sizeof ��������� in thespatialdomain. A packet
size of ����� bits was selected. In the channelmodel lost
packetsdo not arrive to the decoder;the decodermustbe
ableto performindependentdecodingoneachpacket.

ThePSNRresultsfor theLenaandPeppersimagesare
shown in Table1. Its performanceis comparableto thatof
the PZW algorithmover the different lossscenarios.It is
known thatPSNRvaluesaresometimespoor indicatorsof
theunderlyingimagequality. While theabovetwo methods
yield similarPSNRresultsthecorrespondingimagequality
is quitedifferent.

Figure 1 shows the visual comparisonbetweena ze-
rotreestylepacketizationapproach(likePZW)andthepro-
posedmethodfor packetlossratesof ��� , ����� , and ����� for
theLenaimage.As canbeseentheimagesgeneratedwith
the proposedmethoddo not exhibit regionsthat arecom-
pletelydestroyeddueto thepacket loss. Rather, the losses
aredispersedthroughdifferentfrequenciesof differentspa-
tial blocksresultingin a visually lessdisturbingimage.

Therobustpacketizationmethodsacrificestheprogres-
sivity of theunderlyingcoder. Any progressiverefreshingis
tiedto thereceptionof thenext packet. Furthermore,certain
portionsof the imageimprove in anunevenfashionasop-
posedto thegradualuniform improvementassociatedwith
progressive imagecoders.

5. CONCLUSION

Wepresentedapacketizationschemethatspreadstheinfor-
mationwithin the packet amongfrequency bandsandspa-
tial locationsto avoid completelossof imageinformationat
any givenspatialblock. Thecoderis flexible in thecoding
of theinformationdueto theMGE structurethatis not lim-
itedby thezerotreeinterbanddependencies.Thecoderloses
progressivity at theexpenseof morerobustperformanceon
packeterasurechannels.



Image algorithm no loss � % loss ��� % loss ��� % loss
Lena PZW ��������
 ����� ��� ����� ��
 �!�"� ���

Thiswork ����� 
�� ���#� 
#� ����� �!� ���#� ���
Peppers PZW ����� ��� ���#� ��� ����� ��� ���#� �#�

Thiswork ����� ��
 ���#� 
�
 ����� ��
 ���#� ��


Table 1. Comparisonof theproposedmethodandthePZW algorithm([4]) for theLenaandPeppersimagesat a bit rateof
��� ����
 bpp.
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Fig. 1. Comparisonof proposedmethod(left column)andzerotreestylepacketization(right column)for theLenaimageat
��� ����� bpp,(a)-(b) �!� loss,(c)-(d) ����� loss,(e)-(f) ����� loss


