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Abstract
We presenta new imagecompressiontechniquecalled

“DjV u” thatis speci�callygearedtowardsthecompression
of scanneddocumentsin colorathighrevolution.DjVuen-
ableany screenconnectedto theInternetto accessanddis-
play imagesof scannedpageswhile faithfully reproducing
thefont, color, drawings,pictures,andpapertexture.With
DjVu, a typical magazinepagein color at 300dpicanbe
compresseddown to between40 to 60KB, approximately
5 to 10timesbetterthanJPEGfor asimilarlevel of subjec-
tive quality. A real-time,memoryef�cient versionof the
decoderis availableasaplug-infor popularwebbrowsers.

1. Intr oduction

Until now, mostworkondocumentimagecompressionhas
focusedon blackandwhite images(CCITT-G4, JBIG1).
Little attentionhasbeengiven to color documentimages
with mixturesof text, drawings, andpictures. However,
with electronicstorage,retrieval, anddistributionof docu-
mentsbecomingfasterandcheaper, it is clearthatthecom-
pletedigitizationof theworld'smajorlibrary collectionsis
only a matterof time [1]. Several authorshave proposed
image-basedapproachesto digital libraries[2, 3, 4] which
arerestrictedto blackandwhite images,but it seemspara-
doxical that thereexist no universalstandardfor ef�cient
storage,retrieval, and transmissionof high-qualitydocu-
mentimagesin color.

ExistingdocumentsareusuallyOCRedor re-typedand
convertedto HTML or to Adobe's PDFformat,a tedious
and expensive task. Even if picturesand drawings are
scannedandintegratedinto thewebpage,muchof thevi-
sualaspectof theoriginaldocumentis likely to belost.

A simplealternativewouldbeto scantheoriginalpage
andsimplycompresstheimageasaJPEGor GIF �le. Un-
fortunately, those�les tendto bequite large if onewants

to preserve the readabilityof the text. Compressedwith
JPEG,acolorimageof atypicalmagazinepagescannedat
100dpi(dotsperinch)wouldbearound100KB to200KB,
andwould be barelyreadable.The samepageat 300dpi
would beof acceptablequality, but would occupyaround
500 KB. Even worse,not only would the decompressed
image �ll up the entire memory of an averagePC, but
only a smallportionof it wouldbevisibleon thescreenat
once.A just-readableblackandwhite pagein GIF would
bearound50 to 100KB.

To makeremoteaccessto digital librariesa pleasant
experience,pagesmust appearon the screenafter only
a few secondsdelay. Assuminga 56 kilobits per second
(kbps)connection,this meansthat themostrelevantparts
of the document(the text) mustbe compresseddown to
about20 to 30 KB. With a progressive compressiontech-
nique, the text would be transmittedand displayed�rst.
Then the pictures,drawings, and backgroundswould be
transmittedanddisplayed,improving thequalityof theim-
ageasmorebits arrive. Theoverall sizeof the �le should
beon theorderof 50 to 100KB to keeptheoverall trans-
missiontime andstoragerequirementswithin reasonable
bounds.

Another peculiarity of documentimages,their large
size, makescurrentimagecompressiontechniquesinap-
propriate. A magazine-sizepageat 300 dots per inch is
3300pixel high and2500pixel wide. Uncompressed,it
occupies25 MB of memory, morethanwhat the average
PCcanhandle.A practicaldocumentimageviewerwould
needto keeptheimagein a compressedform in themem-
ory of the machine,andonly decompresson-demandthe
pixelsthatarebeingdisplayedon thescreen.

2. The DjVu CompressionMethod

TheDjVudocumentimagecompressiontechnique[5] is an
answerto all the above problems. With DjVu, scanned
pagesat300dpiin full colorcanbecompresseddown to30



to 60KB �les from25MB originalswith excellentquality.
Black andwhitepagestypically occupy10 to 30KB once
compressed.This puts the size of high-quality scanned
pagesin thesameorderof magnitudeasanaverageHTML
page(44KB accordingto thelateststatistics).DjVu pages
aredisplayedwithin thebrowserwindow througha plug-
in. The DjVu plug-in allows easypanningandzooming
of very large images.This is madepossibleby anon-the-
�y decompressionmethodwhichallowsimagesthatwould
normally require25 MB of RAM oncedecompressedto
requireonly 2 MB of RAM.

ThebasicideabehindDjVu is to separatethetext from
the backgroundsand picturesand to usedifferent tech-
niquesto compresseachof thosecomponents.Traditional
methodsareeitherdesignedto compressnaturalimages
with few edges(JPEG),or to compressblack andwhite
documentimagesalmostentirelycomposedof sharpedges
(CCITT G3, G4, andJBIG-1). The DjVu techniqueim-
provesonboth,andcombinesthebestof bothapproaches.
A foreground/backgroundseparationalgorithmgenerates
andencodesseparatelythreeimagesfrom which theorig-
inal imagecanbe reconstructed:the backgroundimage,
the foregroundimageandthe maskimage. The �rst two
are low-resolutioncolor images(generally100dpi), and
the latter is a high-resolutionbi-level image(300dpi). A
pixel in the decodedimageis constructedas follows: if
the correspondingpixel in the maskimageis 0, the out-
put pixel takesthevalueof thecorrespondingpixel in the
appropriatelyupsampledbackgroundimage. If the mask
pixel is 1, thepixel color is chosenasthecolorof thecon-
nectedcomponent(or takenfrom the foregroundimage).
Thebackgroundimagecanbeencodedwith amethodsuit-
ablefor continuous-toneimages.DjVu usesaprogressive,
wavelet-basedcompressionalgorithmcalledIW44 for this
purpose.IW44 is describedin thenext section.Themask
imagecanbeencodedwith a bi-level imagecompression
algorithm. DjVu usesa methodcalledJB2 for this pur-
pose. This methodis a variationof AT&T' s proposalto
thenew JBIG2fax standard.The foreground/background
representationwasproposedin theITU MRC/T.44recom-
mendation(MixedRasterContent[6]).

The next sectionbrie�y describesthe DjVu encod-
ing process.The following sectionfocuseson IW44, the
wavelet-basedimagecompressiontechniqueusedin DjVu
to codethe foregroundandbackgroundlayers. Thenthe
viewer/browseris brie�y described.Finally, resultsof ex-
perimentalcomparisonsareprovidedin Section6.

3. The DjVu Encoder

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

the two dominantcolorswithin eachblock. Then,a re-
laxationalgorithmensuresthatneighboringblocksassign
similar colorsto the foregroundandthebackground.Af-
ter this phase,eachpixel is assignedto the foregroundif
its color is closerto theforegroundclusterprototypethan
to thebackgroundclusterprototype.A subsequentphase
cleansup and�lters foregroundcomponentsusinga vari-
ety of criteria.

DjVu achieveshigh compressionratiosby usingnew
compressionalgorithmsfor the masklayer (JB2) aswell
asfor thebackgroundandforegroundlayers(IW44). The
JB2 bilevel encodingmethodeliminatesmuch of the re-
dundancy in the text imageby identifying quasiidentical
shapesonthepage,suchasmultipleoccurrencesof achar-
acter in a particularfont. JB2 �rst codesthe bitmapof
eachuniqueshapeby takingadvantageof theredundancy
betweensimilar shapes. It then codesthe locationsat
which eachshapeappearson thepage.TheIW44 wavelet
compressoris progressiveandhastheconsiderableadvan-
tageof being decompressablein real time. In addition,
a new maskingtechniquebasedon multiscalesuccessive
projections[7] is usedto avoid spendingbits to codeareas
of thebackgroundthatarecoveredby foregroundcharac-
tersor drawings. Both JB2andIW44 rely on a new type
of adaptivebinaryarithmeticcodercalledtheZP-coder[8],
thatsqueezesout any remainingredundancy within a few
percentof the Shannonlimit. The ZP-coderis adaptive,
andfasterthanotherapproximatebinaryarithmeticcoders.

4. WaveletCompressionof Background
Images

Multi-resolutionwaveletdecompositionis oneof themost
ef�cient transformsfor codingcolor images[9, 10], and
is the preferredcandidatefor many ongoingstandardiza-
tions efforts in color and gray-scaleimagecompression.
The imageis �rst representedasa linear combinationof
locally supportedwavelets.Theimage's localsmoothness
ensuresthat the distribution of the wavelet coef�cients is
sparseandsharplyconcentratedaroundzero. High com-
pressionef�ciency is achieved using a quantizationand
codingschemethat takesadvantageof this peakeddistri-
bution.

Becauseof the smoothnessassumption,it is natural
to usewavelet-basedalgorithmsfor encodingthe image
backgrounds.The digital library applicationsfor which
DjVu is designedputsextremerequirementson the tech-
niqueused.Theviewer (decoder)mustbeableto decode
anddisplayapagein atmost2secondstodecodeapageon
a low-endPC.It needsto beprogressive sothattheimage
quality improvesasmorebits arrive. It needsto do real-
time decompressionfrom a compactdatastructureso as
not to exceedtheRAM capacityof anaveragePCwith the



fully decodedimage.Thebackgroundimageis typically a
100dpicolor imagecontainingoneto two million pixels.
It may containa nearlyuniform backgroundcolor, or it
maycontaincolorful picturesandillustrationsthatshould
bedisplayedincrementallywhile theDjVu datais coming.

DjVuusesanew waveletcompressiontechniquecalled
IW44. IW44 computesa very fast, � ve stage lift-
ing decompositionusingDeslauriers-Dubuc interpolating
waveletswith four analyzingmomentsandfour vanishing
moments[11]. Theencodingprocesssortsthesigni�cant
bits of the non-zerowavelet coef�cients andcodestheir
values,togetherwith their locationsby decreasingorder
of importance.Theentropycodingof thosevaluesis per-
formedusing the ZP-coder, a new binary adaptive arith-
meticcoder.

Duringdecompression,thewaveletcoef�cients arede-
codedinto a compactsparsearray that usesalmost no
memoryfor zero coef�cients. Using this technique,the
completebackgroundimagecanbe representedin mem-
ory usingonly onequarterof thememoryrequiredby the
imagepixels. Thepieceof the imagethat is displayedon
thescreencanbegeneratedon-the-�y from this sparsear-
ray at the requiredzoomfactor. This greatlyreducesthe
memoryrequirementsof theviewer.

Theforegroundlayeris typicallycodedatonetwelveth
theoriginal resolution(25dpi for a 300dpioriginal) using
IW44.

5. The DjVu Browser

The digital library userexperiencedependscritically on
the performanceof the browsing tools. Much moretime
is spentviewing documentsthanformulatingqueries.As
a consequence,browsersmustprovide very fastresponse,
smoothzoomingandscrollingabilities,goodcolor repro-
ductionandsharppictures.

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

Wedevelopedaplug-infor NetscapeNavigatorandIn-
ternetExplorer. It relieson anintermediaterepresentation
of the pageimageand requireslessthan 2 MB of main
memoryperpage.Unlike with many documentbrowsers,
eachpageof a DjVu documentis associatedwith a sin-
gleURL. Behindthescenes,theplug-in implementsinfor-
mationcachingandsharing. This designallows the dig-
ital library designerto setup a navigation interfaceusing
well-known Web technologieslike HTML, JavaScript,or
Java. This providesmore�e xibility thanotherdocument
browsingsystemswheremultipagedocumentsaretreated
as a single entity, and the viewer handlesthe navigation

3.1sec/23k:
the mask (text,
23K) is loaded.

4.8sec/35K:
The background
is still blurred.

9.4sec/67K:
Loading is �n-
ished.

Figure1: Downloadingthrougha56K modem



JPEGat 100dpionly. DjVu.
Figure2: Comparisonof JPEGat100dpi(left) with qualityfactor
30%andDjVu (right). The®le sizesfor thecompletepagesare
82 KB for JPEGand67KB for DjVu

betweenthe pages. Figure1 shows the progressivedis-
playing of a documentwhile it is downloadedthrougha
56K modem. First comesthe text, thenthe background,
with increasingqualityasmorebits arrive.

6. Experimental Results

Typicalmagazineor catalogpagesin colorat300dpicom-
pressedwith DjVu occupy40 to 70 KB. Black andwhite
pagessuchastechnicalpapers,arebetweento 15 and40
KB. Ancient books, wheremost of the color is on the
background,occupy30to 60KB. Ancientmanuscriptsare
around100KB. This is 5 to 10 timesbetterthanthe 500
KB thatwould typically berequiredto achieve a satisfac-
tory level of readabilityusingJPEGcompression.

Figure 2 shows a comparisonbetweenDjVu and
“JPEG,100dpi” on a larger segmentof an image. It is
interestingto notethattherenderingof thephotographsis
alsobetterwith DjVu thatwith JPEG,even thoughDjVu
usesthesame100dpifor thebackgroundimage.

7. Conclusion

DjVu, a new compressiontechniquefor color document
imagesis described.It �lls thegapbetweenthe world of
paperandtheworld of bitsby allowing scanneddocument
to beeasilypublishedon theInternet.

The DjVu software is available free for re-
search, evaluation and non-commercial use at
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. The DjVu plug-in is
available for Linux, and other unix platforms,Windows
95, NT, andMac. Thecompressoris availableon various
Unix platforms.Theabove websitealsocontainsadigital
library with over 800 pagesof scanneddocumentsfrom
variousorigins.
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