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Abstract

Wavelet-basedmage codess geneally performwell on
natural images,which are typically characterizedoy slowly
varyingimage intensities.Their performancesufers, how-
ever, on compoundimages containing both text and im-
age data. We modifya quadteewaveletcoderto perform
well on text image data by treating text blocks differently
fromnon-text blodks. We combinewaveletdomainprocess-
ing of non-tet blodks with spatial domain processingof
text blocks,and achieveimprovedperformanceover purely
waveletdomaintechniquesfor compoundmages.

1. Intr oduction

Text in animagecanbe far morevisually importantto
a humanviewer thanmight be deducedrom summingthe
enegy of thetext pixelsthemseles.Distortionin theedges
of text characterscauseddy lossy compressiorof theim-
age,canbe moreannging thanthe sametype of distortion
in otherareasof the image. Unfortunately wavelet-based
imagecoderssuffer from just this deficieny whenusedon
compoundmages.They oftenfocusonimproving low fre-
gueng informationwhile allowing high frequeng edges,
suchasthe sharpedgesf text charactersto blur.

In this paper we presenttwo variationson a quadtree
wavelet-basedcoder designedfor improved performance
on compoundimages. We segmentthe imageto identify
blocks containingtext, which are then treatedspecially
Onecoderoperatesentirely in the waveletdomain,apply-
ing separateodingparameterso text andnon-text blocks.
In thesecondrariation,thecodercombineavavelet-domain
processingf non-text blockswith spatialdomainprocess-
ing of text blocks. Both variationsprovide improved per
formanceover standardwvavelet methodswhen appliedto
compoundmages.

This paperis organizedasfollows. In Section2 we de-
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scribethetext segmentatiormethodausedwith bothcoding

approachesln Section3 we describethefirst codervaria-

tion, which operatesentirely in the waveletdomain. The

secondvariation, combining wavelet and spatial-domain
coding, is discussedn Section4. We presentconcluding
remarksin Section5.

2 Text Segmentation

Eachof thecodervariationswe describen this papetbe-
ginsits processindy segmentingthe inputimageinto text
and non-text blocks. Any block-basedsegmentermay be
usedfor this purpose Ourimplementatiorusesarelatively
simpleprocedurébasedn decisiontrees.

Trainingimagesaredividedinto 8x8 blocks. For each
block,11 parameterarecomputedrom the 64 pixelsin the
block. Amongthesearetherow variance columnvariance,
3rd and 4th moments,and DCT coeficient enegy. The
CART (Classificatiorand RegressionTrees)algorithm[1]
is thenusedto constructabinarydecisiontreebasednthe
parametergomputedfrom the trainingimages. Eachleaf
nodeof thetreerepresentsitheratext or non-text outcome.

At eachstagan growingthetree,CART considersvhich
nodeto split next by consideringevery parameteat eachof
thecurrentleaf nodes.The node,parameterand parameter
decisionthresholdwhich yield the mostaccuratepartition
of the training dataare determined,andthat leaf nodeis
split. CART growsalargetree,thenemploysoptimalprun-
ing to reduceit to thedesiredsize.

During sgmentationthenecessarparameterarecom-
putedfor animageblock. The valuesare comparedwith
the thresholdsn the tree, startingat the top and progress-
ing downward until a leaf nodeis reached. The resulting
text/non-text decisionis recordedandthe procedures re-
peatednthenext block.

Giventhe8x 8 blocksize,onebit per64 pixelswould be
requiredto describethe segmentationmap. This informa-
tion is arithmeticallyencodedisinga causakontext of four
neighborblocks;it typically addslessthan0.01bppto the
overallcompressedit rate.



3. Wavelet-DomainCoding of Text Blocks

The quadtreewavelet coder presentedn [4] performs
well on naturalimages. Becausét usesonly onelevel of
waveletdecompositionandthenoperateon smallblocks,
it requiresless memory at the decodercomparedto ze-
rotreealgorithmssuchasSPIHT[2] andmary otherwavelet
coders.

We modify thecoderin [4] to allow separat@arameters
to be usedon text and non-text blocks. The encodeffirst
classifieseach8x 8 imageblock aseithertext or non-text,
andsendghis segmentatiormapto thedecoderProcessing
proceedsasin [4]. A one-level wavelet decompositionis
performed.8x 8 blocksin the low-low (LL) bandarepro-
cessedn scanorder For eachblock, a “foot” pixel atthe
lower right corneris predictedfrom the nearestpixels in
the neighboringWest and North blocks. The foot predic-
tion erroris quantizedandsentto thedecoderTheblockis
predictedusingbilinearinterpolationfrom the West,North-
west, North, and foot values. If the overall error within
the block exceedsa threshold the block is subdiidedinto
guadrantsandthe above procedurds repeatedecursvely
oneachquadrant.

In our approacha LL-band block is consideredtext”
if all four correspondingspatialblocks were classifiedas
text. Four parameterare selectedor eachLL-bandblock
dependingnits classificatiorastext or non-text:

e The wavelet transformfilters. For text blocks, short
filters suchasHaararechoserto improve responseo
sharpedges Thefiltersareswitchedontheboundaries
betweentext and non-text regions. To avoid redun-
dangy, atthe switchingpointsthe pixels of therespec-
tive regions arereflectedto the othersideto provide
theright type of pixelsfor therespectiefilter taps.

e Thequantizerfor the foot predictionerror. Quantiza-
tion is finer for text blocks.

o Theblockerrorthreshold A lowerthresholds chosen
for text blocks.

e Thequadtreeblock shape.Text blocksaresubdvided
into horizontallyorientedrectangulasubblockg8x 4,
4x 2 or 2x 1) whichwerefoundempiricallyto perform
betterthansquaresubblocksn text areas.

The overall effect of this selectionis that morebits are
investedn text blocks. For ary givenratethequality in the
text region is improved at the expenseof the quality in the
non-text regions.

Results: Our simulationresultsshow thattreatingcoef-
ficientscorrespondingo text blocksdifferently from non-
text blocks canimprove (perceptualimage quality. Fig-
ure 1l shawvs the comparisorbetweerour proposednethod,

regular quadtreecoding and the Embeddedlock Coding
with Optimized Truncation(EBCOT) [3] for a portion of
the‘cmpnd1l’ greyscaleimageat0.24 bpp. Thewaveletdo-
main improved versiondisplayedhereusesHaarfilters in
the text regionswith horizontalquadtreeblock shapeand
finer quantization.The PSNRvaluesshavn arecomputed
overtheentireimage.As theseéimagesdemonstratePSNR
is not a good measureof imagequality whenit comesto
compoundmages.

4. Combined Wavelet-Domain and Spatial-
Domain Coding

Becauseof the sharpedgesand small featuresize, text
imagedatais arguablybettersuitedto processingn thespa-
tial domainthanin the waveletdomain. In this sectionwe
proposean approachwhich combineswavelet-basedod-
ing of non-text regionswith spatialdomaincoding of re-
gionscontainingtext. The algorithmoperatesat the pixel
level; thatis, eachindividualtext pixelis codedn theimage
domain,andall remainingpixels are codedin the wavelet
transformdomain.

Algorithm Summary: The imageis first sgmented
into text andnon-text blocks. The pixels belongingto text
blocksarethenlabeledaseitherforegroundor background
(non-text), wherebythe encoderchoosesfor eachblock
which color — light or dark — will be called foreground,
and which will be called background. The intensitiesfor
theforegroundandbackgroundtolorsarethendetermined
for eachblock. In a sgmentationmprovementstep,some
blockswhich were previously identifiedastext blockscan
bereclassifiedasnon-tet blocks,basedntheirforeground
and backgroundcolors as well asthoseof their neighbor
blocks. Following this step,the block sgmentationmap,
the binary foreground/backgrand mapfor thetext blocks,
andthequantizedoregroundintensityvaluesarearithmeti-
cally encodedandtransmitted.

At this point, both encoderanddecodemposses&nowl-
edgeof thetext pixel locationsand colors. It is therefore
possibleto “remove” thetext (foreground)pixelsto alarge
degreefrom theoriginalimage by interpolatingtheirinten-
sitiesfrom neighboringnon-text pixels. Sucha stephasthe
adwantageof smoothingheoriginalimage,sothatit canbe
more efficiently codedby the quadtreewavelet algorithm.
After the text pixels have beenremoved by interpolation,
the remainingimageis wavelet-transformednd quadtree
codedasdiscussedn Section3. In the following sections
we describethe stepsof this algorithmin greaterdetail.

4.1 TextBlock Color Classification

Within eachtext block X, thetwo maincolorsareidenti-
fied with Lloyd-Max optimizationon a binary scalarquan-
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Figure 1. Portions of the 'cmpndl’ images, (a) original, (b) EBCOT coded at 0.24 bpp, 26.48 dB, (c)
Quadtree coded at 0.24 bpp, 25.08 dB, (d) Quadtree coded with improved text region coding at 0.24

bpp, 25.98 dB.

tizer. If the two main colorsarecloserto eachotherthan

somethreshold,the block is classifiedasunimodalandis

assignedo betext or non-text basedon theforegroundand

backgroundaolorsof theneighboringolocks.Otherwisehe

colorsare designateds either foregroundor background,
basedon information aboutthe North and West neighbor
blocks.Threecasesreconsidered:

e If both the North and West neighborsare non-text
blocks, their averagepixel intensity I is determined.
Thecolorin X whichis farthestfrom I is designated
asforeground(text), andthe otherasbackground.

o If boththe North andWestneighborsaretext blocks,
the averageof their foregroundcolorsis determined,
f = (f~¥ + fw)/2. Thecolorin X which s clos-

estto f is designatedisforeground,andthe otheras
background.

o If oneof the North andWestneighbords atext block
andthe othernon-tet, the colorin X whichis closest

to theforegroundcolorin theneighboringext blockis
designatedsforeground andtheotherasbackground.
However, if thetwo foregroundcolorsarefarapartthe
colorin X whichis farthesfrom thebackgroundatolor
of thenon-text neighboris designatecsforeground.

After the foregroundand backgroundcolors have been
designatedeachpixel in block X is assignedo eitherfore-
groundor background. To avoid distorting the text, only
pixelswith intensitywithin a giventhresholdrom thefore-
groundcolor are assignedo the foreground;the restare
treatedasbackground.

4.2 Map and Foreground Color Coding

The block-level text sgmentatiomrmapis transmittedas
describedn Section2. The foreground/backgrand map
for eachtext block is then arithmetically coded with a
causalcontet of neighboringpixels. Only pixels within
text blocksarecoded althoughcontextsmaybedravn from
neighboringnon-text blockswhereneeded.



The foreground color for a text block X is codedin
a predictve coding fashionfrom the foreground values
of the North and West neighbors,exploiting the fact that
foregroundvaluesdon’t changemuchbetweemeighboring
blocks.

4.3 Interpolation and Residual Coding of Text
Pixels

We now describethe procedurdor removing text pixels
from the image,in orderto allow more efficient wavelet-
basedcoding of the backgroundpixels. The stepsof this
procedureaareillustratedin Figure2. Theoriginalimageis
shavn in profile A, with a backgroundareaon theleft and
text ontheright. In profile B, thetext pixel valueshave been
replacedby the block foregroundcolor. In profile C the
text pixel valuesare replacedby valuesinterpolatedfrom
neighboringbackgroundpixels. The imagecorresponding
to profile C could be sentdirectly to the wavelet quadtree
coder andcombinedby the decodemwith thetext pixel val-
uestransmittedrom profile B to obtainareconstructedm-
age. This reconstructedmagewould be an approximation
of profile B. The sharptext edgesthusobtainedcancause
the edgesof smalltext charactergo appearjagged,how-
ever. Insteadwe include several additionalstepsto allow
theresidualerrorto be correctedyeducingary jaggedap-
pearance.

Profile D shows the residual,or differencebetweerthe
original image and block foreground color in text areas.
This residualis addedto the interpolatedmageC to yield
profile E, which is then passedto the wavelet quadtree
coder

At thedecodera lossyversionof E is reconstructedas
shavnin profile F. The decodemlsorecevesthelocations
of text pixels andthe quantizedforegroundcolor for each
block, which it usesto produceprofile G. Given the text
pixel locations,the decoderinterpolateshe valuesof text
pixelsfrom neighboringbackgroundgixelsto obtainprofile
H, which is an approximationof the encoders profile C.
Theresiduall is reconstructe@sthe differencebetween-
andH. By addingthis residualto G, the decodegenerates
the outputimageprofile J.

4.4 Ternary Coding of Text Blocks

The proceduralescribedhusfar performswell, but fur-
therimprovementis possible.In mary compoundmages,
especiallftheonesobtainedasaresultof scanningthetran-
sition from foregroundto backgroundcolor is not sharp;
therearesomeintermediatdevels presentiswell. Thedis-
continuitiesin the backgroundmageintroducedby adding
the residualcan be reducedby morefinely quantizingthe
foreground/backgsund map. Specifically insteadof com-
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Figure 2. Procedure for removing text pixels

from the image to be wavelet-encoded. See

description in text.

puting a binary map,we computea ternarymap- i.e., by
addinga third “transition” level between‘foreground”and
“background”. This resultsin smallerresidualpeaksat the
edgeof text, whichin turnimprovesthe waveletcodingof
thebackgroundmage.

The ternaryprocedurds largely identicalto the binary
proceduredescribedin previous sections. The encoder
determinesthe foreground/transition/ackgound map for
eachtext block in theimage. This mapis transmittedus-
ing ternaryarithmeticcoding.

The encodertransmitsa block’s predictve quantized
foregroundand intermediatecolor asbefore. Given these
values,the residualencodingprocedures carriedout ex-
actly asbefore. Theresidualpeaksaresmallerthanin the



binary case,however. The image passedo the wavelet
coderis thus smootherand canbe codedwith lessdistor
tion atthesamerate.

vorld’s smallest
al camcorder

45 Results al still camera.
In Figure3we compareesultsof ourcombinedquadtree  [EEINHTGEIEGTELTLTITS
wavelet and spatialdomaincodingapproachfor color im- nd with dimensions smaller

ageswith the color versionsof SPIHT and EBCOT. The 1 can fit in places where
original color imagewas sampledat 100 dpi from a print
source. We used the ternary version of our combined
wavelet/spatial-domaiapproachin theimagecompressed
by our algorithm, text is significantly sharperand clearer g
thanin the SPIHT and EBCOT images. Separatecoding vorld’s smallest
of text andimagedatanot only betterpresered the text, al camoeorder

but the spatialdomaincodingprovedto be moreefficientas al still camera.
well, leaving morebandwidthto codetheimagedata.Note

thatthe backgroundedgesaroundtheletters“JVC” appear
sharpetthanthe sameareasn the SPIHT andEBCOT im-
ages.
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5. Conclusions ()

Thesevariationson the waveletquadtreecoderimprove '
performanceon compoundmages. While codingentirely kil s smullesd
within thewaveletdomain,onecanswitchbetweernwavelet il conmeardey
filters of differentlengthsto provide betterrepresentation By B {ERIIIII0 T
for areaswith sharpedgesText regionscanalsobehandled
by mixing wavelet-domaincoding of the non-text regions
with spatial-domaircodingof the text regions. Our spatial ) et dIrnaneieng su1alls
domaincodinginvolvedaninitial binarizationor ternariza- 11 1
tion, and arithmeticcoding of the binary or ternarymap.
However, other types of spatialdomaincoding could be
usednstead.Theinnovationsprovide superiomperformance
for thesharpedgesandsmallfeatureof text charactersand
we expectthatthey will find otherapplicationsaswell. vorld’s smallest
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