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Abstract

We present new imagecompressiotiechniquecalled
“DjV u” thatis speci cally gearedowardsthecompression
of scannedlocumentén colorathighrevolution. DjVuen-
ableary screerconnectedo thelnternetto accessanddis-
playimagesof scannegageswhile faithfully reproducing
thefont, color, drawings, pictures andpapertexture. With
DjVu, a typical magazinepagein color at 300dpicanbe
compressedown to betweed0to 60 KB, approximately
5to 10timesbetterthanJPEGfor asimilarlevel of subjec-
tive quality. A real-time,memoryef cient versionof the
decodeis availableasa plug-infor popularwebbrowsers.

1. Intr oduction

Until now, mostwork ondocumentmagecompressiohas
focusedon black and white images(CCITT-G4, JBIG1).
Little attentionhasbeengivento color documentimages
with mixturesof text, dravings, and pictures. However,
with electronicstorageretrieval, anddistribution of docu-
mentsbecomingasterandcheaperit is clearthatthecom-
pletedigitizationof theworld'smajorlibrary collectionss
only a matterof time [1]. Several authorshave proposed
image-basedpproachet digital libraries[2, 3, 4] which
arerestrictedo blackandwhite imageshut it seemgpara-
doxicalthatthereexist no universalstandardor ef cient
storage retrieval, and transmissiorof high-qualitydocu-
mentimagesn color.

ExistingdocumentsireusuallyOCRedor re-typedand
corvertedto HTML or to Adobe's PDF format, a tedious
and expensve task. Even if picturesand dravings are
scannedndintegratedinto thewebpage muchof thevi-
sualaspecbf theoriginal documents likely to belost.

A simplealternatve wouldbeto scantheoriginal page
andsimply compressheimageasa JPEGor GIF le. Un-
fortunately those les tendto be quite large if onewants

to presere the readabilityof the text. Compressedvith
JPEGacolorimageof atypicalmagazingpagescannedt
100dpi(dotsperinch)wouldbearoundL00KB to 200KB,
andwould be barelyreadable. The samepageat 300dpi
would be of acceptablejuality, but would occupyaround
500 KB. Even worse,not only would the decompressed
image Il up the entire memory of an averagePC, but
only asmallportionof it would bevisible onthescreerat
once. A just-readabldlackandwhite pagein GIF would
bearound50to 100KB.

To makeremoteaccesdo digital librariesa pleasant
experience,pagesmust appearon the screenafter only
a few secondglelay Assuminga 56 kilobits per second
(kbps)connectionthis meanghatthe mostrelevantparts
of the document(the text) mustbe compressediown to
about20to 30 KB. With a progressie compressiotiech-
nigue, the text would be transmittedand displayed rst.
Thenthe pictures,dravings, and backgroundsvould be
transmittecanddisplayedjmproving thequality of theim-
ageasmorebits arrive. The overall sizeof the le should
be ontheorderof 50to 100KB to keepthe overall trans-
missiontime and storagerequirementsvithin reasonable
bounds.

Another peculiarity of documentimages,their large
size, makescurrentimage compressiortechniquesnap-
propriate. A magazine-siz@ageat 300 dots per inch is
3300 pixel high and 2500 pixel wide. Uncompressedt
occupies25 MB of memory morethanwhatthe average
PCcanhandle.A practicaldocumenimageviewerwould
needto keeptheimagein acompresseébrm in themem-
ory of the machine,andonly decompressn-demandhe
pixelsthatarebeingdisplayedonthescreen.

2. The DjVu CompressionMethod

TheDjVudocumentmagecompressiotechnique[bis an
answerto all the above problems. With DjVu, scanned
pagesat300dpiin full colorcanbecompressedownto 30



to60KB les from 25MB originalswith excellentquality.
Black andwhite pagegypically occupyl10to 30 KB once
compressed.This puts the size of high-quality scanned
pagesn thesameorderof magnitudeasanaverageHTML
page(44 KB accordingo thelateststatistics).DjVu pages
aredisplayedwithin the browserwindow througha plug-
in. The DjVu plug-in allows easypanningand zooming
of very largeimages.This is madepossibleby anon-the-
y decompressiomethodwhichallowsimageghatwould
normally require25 MB of RAM oncedecompressetb
requireonly 2 MB of RAM.

ThebasicideabehindDjVu is to separat¢hetext from
the backgroundsand picturesand to use differenttech-
niguesto compresgachof thosecomponentsTraditional
methodsare either designedto compressaturalimages
with few edges(JPEG),or to compresslack andwhite
documenimagesalmostentirelycomposeaf sharpedges
(CCITT G3, G4, andJBIG-1). The DjVu techniqueim-
proveson both,andcombineghebestof bothapproaches.
A foreground/backgroundeparatioralgorithmgenerates
andencodeseparatelyhreeimagesfrom which the orig-
inal image canbe reconstructedthe backgroundmage,
the foregroundimageandthe maskimage. The rst two
are low-resolutioncolor images(generally100dpi), and
the latter is a high-resolutiorbi-level image (300dpi). A
pixel in the decodedmageis constructedas follows: if
the correspondingixel in the maskimageis 0, the out-
put pixel takesthe valueof the correspondingixel in the
appropriatelyupsampledackgroundmage. If the mask
pixelis 1, thepixel coloris choserasthecolor of the con-
nectedcomponen{or takenfrom the foregroundimage).
Thebackgroundmagecanbeencodedvith amethodsuit-
ablefor continuous-tonémages.DjVu usesa progressie,
wavelet-based@ompressiomlgorithmcalledIW44 for this
purposelW44 is describedn the next section.The mask
imagecanbe encodedvith a bi-level imagecompression
algorithm. DjVu usesa methodcalled JB2 for this pur-
pose. This methodis a variationof AT&T's proposalto
the new JBIG2 fax standard.The foreground/background
representatiowasproposedn the ITU MRC/T.44recom-
mendationMix ed RasteiContent[§).

The next sectionbriey describesthe DjVu encod-
ing process.The following sectionfocuseson IW44, the
wavelet-basedmagecompressiotechniqueusedin DjVu
to codethe foregroundand backgroundayers. Thenthe
viewer/bravseris brie y describedFinally, resultsof ex-
perimentacomparisonsireprovidedin Section6.

3. The DjVu Encoder

Themainideasbehindtheforeground/backgroundepara-
tion algorithmarethefollowing. Theimageis partitioned
into squareblocksof pixels. A clusteringalgorithm nds

the two dominantcolorswithin eachblock. Then,a re-
laxationalgorithmensureghat neighboringblocksassign
similar colorsto the foregroundandthe background.Af-
ter this phase eachpixel is assignedo the foregroundif
its color is closerto theforegroundclusterprototypethan
to the backgrounctlusterprototype. A subsequenphase
cleansup and lters foregroundcomponentsisinga vari-
ety of criteria.

DjVu achieves high compressiomratios by using new
compressioralgorithmsfor the masklayer (JB2) aswell
asfor the backgroundandforegroundlayers(IW44). The
JB2 bilevel encodingmethodeliminatesmuch of the re-
dundang in the text imageby identifying quasiidentical
shape®nthepage suchasmultipleoccurrencesf achar
acterin a particularfont. JB2 rst codesthe bitmap of
eachuniqueshapeby takingadwantageof theredundang
betweensimilar shapes. It then codesthe locationsat
which eachshapeappear®n the page.ThelW44 wavelet
compressois progressie andhasthe considerabl@dwvan-
tage of being decompressabli real time. In addition,
a naw maskingtechniguebasedon multiscalesuccessie
projections[T is usedto avoid spendingoits to codeareas
of the backgrounadhatarecoveredby foregroundcharac-
tersor dravings. Both JB2 andIW44 rely on a new type
of adaptve binaryarithmeticcodercalledthe ZP-coder[8],
that squeezesut ary remainingredundang within a few
percentof the Shannorlimit. The ZP-coderis adaptve,
andfasterthanotherapproximatdinaryarithmeticcoders.

4. WaveletCompressionof Background
Images

Multi-resolutionwaveletdecompositiotis oneof themost
efcient transformsfor codingcolor images[9, 10], and
is the preferredcandidatefor mary ongoingstandardiza-
tions efforts in color and gray-scaleéimage compression.
Theimageis rst represente@sa linear combinationof
locally supportedvavelets. Theimages local smoothness
ensureghatthe distribution of the wavelet coefcients is
sparseandsharplyconcentrateéroundzero. High com-
pressionefciency is achieed using a quantizationand
codingschemehat takesadwantageof this peakeddistri-
bution.

Becauseof the smoothnesgssumption|t is natural
to usewavelet-basedlgorithmsfor encodingthe image
backgrounds. The digital library applicationsfor which
DjVu is designedouts extremerequirement®n the tech-
nigueused. Theviewer (decodermustbe ableto decode
anddisplayapagein atmost2 seconds$o decodeapageon
alow-endPC.It needgo beprogressie sothattheimage
quality improvesas morebits arrive. It needsto do real-
time decompressiofrom a compactdatastructureso as
notto exceedthe RAM capacityof anaveragePCwith the



fully decodedmage.Thebackgroundmageis typically a
100dpicolorimagecontainingoneto two million pixels.
It may containa nearly uniform backgroundcolor, or it
may containcolorful picturesandillustrationsthatshould
bedisplayedncrementallywhile the DjVu datais coming.

DjVu usesanen waveletcompressiotechniquecalled
IW44. W44 computesa very fast, ve stage lift-
ing decompositiorusing Deslauriers-Dubic interpolating
waveletswith four analyzingmomentsandfour vanishing
momentg11]. Theencodingprocesssortsthe signi cant
bits of the non-zerowavelet coefcients and codestheir
values,togetherwith their locationsby decreasingrder
of importance.The entropycodingof thosevaluesis per
formedusingthe ZP-codeyr a new binary adaptve arith-
meticcoder

Duringdecompressiothewaveletcoefcients arede-
codedinto a compactsparsearray that usesalmost no
memoryfor zero coefcients. Using this technique the
completebackgroundmagecanbe representeth mem-
ory usingonly onequarterof the memoryrequiredby the
imagepixels. The pieceof the imagethatis displayedon
thescreercanbe generate@n-the- y from this sparsear-
ray at the requiredzoomfactor This greatlyreduceghe
memoryrequirement®sf theviewer.

Theforegroundlayeris typically codedat onetwelveth
the original resolution(25dpifor a 300dpioriginal) using
w44,

5. The DjVu Browser

The digital library userexperiencedependsritically on
the performanceof the browsingtools. Much moretime
is spentviewing documentghanformulatingqueries.As
aconsequencdgrowsersmustprovide very fastresponse,
smoothzoomingandscrollingabilities,goodcolor repro-
ductionandsharppictures.

Theserequirementgput stringentconstraintson the
browsing software. The full resolutioncolor imageof a
pagerequiresabout25 MBytesof memory Decompress-
ing suchimageseforedisplayingthemwouldexceedehe
memorylimits of averagedesktopcomputers.

We developedaplug-infor NetscapéNavigatorandin-
ternetExplorer It relieson anintermediateepresentation
of the pageimageandrequireslessthan2 MB of main
memoryper page.Unlike with mary documenbrowsers,
eachpageof a DjVu documentis associatedvith a sin-
gle URL. Behindthescenestheplug-inimplementsnfor-
mationcachingand sharing. This designallows the dig-
ital library designetto setup a navigationinterfaceusing
well-known Web technologiedike HTML, JavaScript,or
Java. This providesmore e xibility thanotherdocument
browsing systemavheremultipagedocumentsaretreated
asa single entity, andthe viewer handlesthe navigation
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Figure 1: Downloadingthrougha 56K modem



JPEGat 100dpionly. DjVu.
Figure2: Comparisorof JPEGat 100dpi(left) with qualityfactor
30%andDjVu (right). The®le sizesfor the completepagesare
82 KB for JPEGand67 KB for DjVu

betweenthe pages. Figure 1 shaws the progressivedis-
playing of a documentwhile it is downloadedthrougha
56K modem. First comesthe text, thenthe background,
with increasingyuality asmorebits arrive.

6. Experimental Results

Typicalmagazineor catalogpagesn colorat300dpicom-
pressedvith DjVu occupy40to 70 KB. Black andwhite
pagessuchastechnicalpapersarebetweerno 15 and40
KB. Ancient books, where most of the color is on the
backgroundpccupy30to 60 KB. Ancientmanuscriptgre
around100KB. This is 5 to 10 times betterthanthe 500
KB thatwould typically be requiredto achieve a satisfac-
tory level of readabilityusingJPEGcompression.

Figure 2 shavs a comparisonbetweenDjVu and
“JPEG, 100dpi” on a larger sgmentof an image. It is
interestingo notethatthe renderingof the photographss
alsobetterwith DjVu thatwith JPEG,even thoughDjVu
useghe samel00dpifor the backgroundmage.

7. Conclusion

DjVu, a new compressiortechniquefor color document
imagesis described.lt lls thegapbetweerthe world of
paperandtheworld of bitsby allowing scannedlocument
to beeasilypublishedonthe Internet.

The DjVu software is available free for re-
search, evaluation and non-commercial use at

The DjVu plug-in is

available for Linux, and otherunix platforms, Windows
95, NT, andMac. The compressors availableon various
Unix platforms.Theabore websitealsocontainsadigital
library with over 800 pagesof scanneddocumentsrom
variousorigins.
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