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ABSTRACT

We presenta pacletizationmethodfor robustimagetrans-
mission over paclket erasurechannels. The paclets are
formedin sucha way thatthe imageinformationis spread
overdifferentfrequeng bandsandspatiallocationsto avoid

completedisruption of certainimageblocksin caseof a

paclet loss. Experimentalresultsare provided to demon-
stratethe performancef this method.

1. INTRODUCTION

Moderncommunicatiorsystemsanexperiencea wide va-
riety of channekonditionsrom individualbit errorsto pack-
etlosses.In block basedcoderssuchas JPEGthe effect of
errorscanbe limited to a givenblock. Certainstateof the
artcodersusewavelettransformandperformglobalcoding
of coeficients. Thesecoderscan experiencecatastrophic
failuresin caseof bit errorsor pacletlosses.

In orderto maximize compressiorefficiency, wavelet
basedcoderssuchasShapiros EZW [1] or SaidandPearl-
man's SPIHT [2] rely on stateinformation. In suchcases
ary error canleadto a breakdown at the decoder In a
paclet network a lost paclet frequently causescomplete
lossof synchronizatiorat thereceving end.

One could use unequalForward Error Control (FEC)
codingto protecttheimagedataandcombinethatwith 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 animage. An alternateapproachis to make the image
codermorerobustto preventcatastrophidailures. A Pack-
etizedZerotreeWavelet (PZW) schemes proposedn [4]
that groupsindividual zerotreesnto paclets by changing
the SPIHT encodingorder Thusary paclket losswill only
have effect on the spatiallocationsof the imagethat the
givenzerotreesorrespondo. In [5] the robustnesf the
pacletizedcoderis enhancedy usinga macroscopienul-
tistagecompressiomethod with thefirst stageimagedata

beingprotectecby FEC.

In this paperwe proposea new packetizationscheme
basedon the MultiGrid Embedding(MGE) coding [6] by
Lan and Tewfik. In zerotreebasedpacletizationmethods,
paclkets containone or more zerotrees. Any loss of data
tendsto destry the correspondingspatiallocationin the
image.With ourproposednethodtheeffectof pacletlosses
is not concentratedn a given spatiallocation but spread
over differentlocationsandfrequencies.

In Section2 an overview of the MGE codingis pre-
sented,Section3 containsthe descriptionof the proposed
algorithm. Section4 shows the resultsand Section5 con-
cludesthis paper

2. MULTIGRID EMBEDDING

MultiGrid Embedding MGE) coding,like SPIHT or EZW,
is basedon the wavelet transform,but usesan alternatve
to the zerotreestructurefor quantization. Both MGE and
SPIHTperformbitplanecoding;thedifferencdsin theiden-
tification of significantcoeficientsfor eachbitplane.SPIHT
useszerotreeghattry to exploit the spatialsimilaritiesbe-
tweensubbandsThis introducesa hierarchicaldependence
into the coding. MGE usesa quadtreestyle decomposi-
tion instead. Startingfrom the entire image, a quadtree
searchis conductecto find the significantcoeficients on
the given bitplane. For eachimageblock a single bit de-
scribeswhetherit containssignificantcoeficients or not.
Thequadtreelecompositions continueduntil it reacheshe
individual coeficient. The insignificantblocks are revis-
ited in subsequenbitplanes(see[6]). The performanceof
thealgorithmis similarto SPIHT for mostimagesbut out-
performsSPIHT onimageswith significanthigh frequeny
informationwherethis searchmethodreacheghosecoefi-
cientsfasterthanthe zerotreedescription. The real signifi-
canceof MGE for this work lies in the factthatthe coding
canbe donewithout dependenciebetweensubbandsthus
allowing thecodingto proceedn almostary arbitraryorder



3. SPREAD SPATIAL LOCATION
PACKETIZATION

In a zerotreebasedcodercoeficientson the samezerotree
correspondo the samespatiallocationin theimage.When
paclets are formed of several zerotreesthe loss of such
pacletresultsin the lossof informationat the given spatial
locations forming ablankspotontheimage.This property
is the consequencef the zerotreestructure. The coding
of higherfrequeng coeficientsatthe samespatiallocation
depend®nthecodingof lowerfrequeny coeficientsatthe
samelocation.

MGE is a flexible alternatve to the zerotreestructure.
The coding dependenciesnly exist in the quadtreestruc-
ture. Thus by choosingthe appropriateinitial block size
for the quadtreddentification procesdifferent spatiallo-
cationscanbe codedseparately This block sizeis differ-
enton eachwaveletdecompositiorievel to ensureit corre-
spondgo the sameblock sizein the spatialdomain. These
non-overlappingolocksform the startingblocksfor thesig-
nificancecheckas opposedto the entire image being the
startingblock in the original MGE algorithm.On onehand
this changewill decreaseompressiorefficiency asmary
blocksthatwould normally be codedafter a single signifi-
cancecheckat a givenbitplanewill have to beindividually
comparedOn the otherhandthis changemalesit possible
to codedifferent spatiallocationsand frequeng contents
independently

We partition the setof all waveletcoeficientsinto col-
lectionswith the propertythateachcollectioncontainsone
(rectangulargroup of wavelet coeficientsfrom eachsub-
band. Eachsuchgroup corresponddgo a different spatial
locationin the image,but of the samespatiallocationsize.
The assignmenbf the groupsto collectionsis randomized.
It guaranteethatall waveletcoeficientsareassignedo one
andonly onecollection. The assignmenalso ensureghat
thespatiallocationscorrespondingo thegroupsin acollec-
tion are non-overlapping. We call this partition a random-
izedcollection

Usingarandomizedollectionshastheeffectof apaclet
lossspreadover spatiallocations. Eachaffectedspatiallo-
cationis missinga differentfrequeny componenimaking
thevisuallosslessnoticeable.

The codingproceedsn two phasesThefirst phasds a
“dry run” whentheencoderollectstherateinformationfor
eachrandomizedtollectionfor the giventargetbitrate. The
secondphaseis the actualpaclet formation. The encoder
triesto packevery paclket asfully aspossible,even allow-
ing the sumof the ratesto exceedthe paclet sizeby some
mamin if withoutthe lastrandomizedtollectionthe paclet
is underfilled. Thussomerandomizectollectionswill have
morerateassignedo themthanin the non-pacletizedcod-
ing, while otherswill have a lower rate description. The

packingis carriedoutin theorderknown bothto theencoder
anddecoder Theoverheadnformationis limited to the se-
quencenumberof the startingrandomizedcollection and
the numberof randomizedtollectionsin the givenpaclet.

4. EXPERIMENTAL RESULTS

To demonstrat¢heperformancef theproposedchemeave
usedthe 512 x 512 greyscaleLenaand Peppersmages.
Theimagesweretransformedvith a 4-level wavelettrans-
form usingthe 9 — 7 filters from [7]. The assignmenof
waveletdomainblocksto randomizedtollectionswasgen-
eratedaheadof time and usedfor all testimages. There
werea total of 256 randomizedcollections,corresponding
to ablock sizeof 32 x 32 in the spatialdomain. A paclet
size of 384 bits was selected. In the channelmodel lost
pacletsdo not arrive to the decoder;the decodemustbe
ableto performindependentlecodingon eachpaclet.

The PSNRresultsfor the LenaandPeppersmagesare
shown in Tablel. Its performancés comparabléo that of
the PZW algorithm over the differentloss scenarios.lIt is
known that PSNRvaluesare sometimegoor indicatorsof
theunderlyingimagequality. While theabove two methods
yield similar PSNRresultsthe correspondingmagequality
is quitedifferent.

Figure 1 shows the visual comparisonbetweena ze-
rotreestyle pacletizationapproach(like PZW) andthe pro-
posednethodfor packetlossratesof 1%, 10%, and20% for
the Lenaimage.As canbe seentheimagesgeneratedvith
the proposedmethoddo not exhibit regionsthat are com-
pletely destroyed dueto the paclet loss. Rather the losses
aredispersedhroughdifferentfrequencie®f differentspa-
tial blocksresultingin a visually lessdisturbingimage.

Therobustpacletizationmethodsacrificeghe progres-
sivity of theunderlyingcoder Any progressierefreshings
tiedto thereceptiorof thenext paclet. Furthermorecertain
portionsof theimageimprove in anunevenfashionasop-
posedto the gradualuniform improvementassociatedvith
progressieimagecoders.

5. CONCLUSION

We presented pacletizationschemehatspreadsheinfor-

mationwithin the paclket amongfrequeng bandsandspa-
tial locationsto avoid completdossof imageinformationat
ary givenspatialblock. The coderis flexible in the coding
of theinformationdueto the MGE structurethatis notlim-

ited by thezerotregnterbanddependenciesthecoderoses
progressiity atthe expenseof morerobustperformancen
pacleterasurechannels.



Image | algorithm | noloss | 1 %loss | 10 % loss | 20 % loss

Lena PzZW 32.19 31.33 26.29 24.63
Thiswork | 31.90 30.91 26.24 23.70

Peppers| PZW 31.75 30.85 26.38 23.31
Thiswork | 32.09 30.99 26.09 23.49

Table 1. Comparisorof the proposednethodandthe PZW algorithm ([4]) for the LenaandPeppersmagesat a bit rate of
0.209 bpp.
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Fig. 1. Comparisorof proposednethod(left column)andzerotreestyle pacletization(right column)for the Lenaimageat
0.208 bpp, (a)-(b) 1% loss,(c)-(d) 10% loss,(e)-(f) 20% loss



