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Abstract

A systemisdescribedfor theautomaticanalysisof a doc-
umentimageinto atomicfragments(e.g.word images)that
canbereconstructedor “r e�owed” ontoa displaydeviceof
arbitrary size,depth,andaspectratio. Themainintentis to
allow scansandotherpage-imagedocumentsto beviewed
effectivelyona limited-resolutionhand-heldcomputingde-
vice,withoutanyerrors andlossesdueto OCRandretype-
setting. Themethodsof imageanalysisandrepresentation
aredescribed.

1 Intr oduction

Oneof the familiar advantagesof symbolicrepresenta-
tions of documents(ASCII, HTML, etc) over page-image
representationsis the ability to re�ow the text to �t odd-
sizeddisplays. Re�owing typically breaksor �lls lines of
text with words,andmayrejustify columnmargins,sothat
thefull widthof thedisplayis usedandnomanual̀ panning'
acrossthetext is needed.

Yetmanydocumentsalreadyexist,andin theirbestform,
asimagesof pages:that is, asa speci�cationof intensities
andcolorsover a rectangular�eld, devoidof any explicit
textual information. The canonicalexampleof this is the
scanneddocumentimage;anotherimportantexampleis a
book createdfor on-demandprinting. How cansuchma-
terial be displayedon screensthat are the wrong sizeand
shape?An extremecaseisreadingimagesof booksonhand-
helddeviceslike portabledigital assistants(PDAs).

The obviousthing to try would be to convertthe doc-
umentinto symbolicform by performingoptical character
recognition(OCR).However, eventhe bestOCR systems
arepronetoerrorswhichareexpensivetocorrect.Evenper-
fect characterrecognitionusuallydiscardsor confusesthe
typefacesandrelativetypesizesselectedby theauthorand
publisher.

A betterapproachis to locatethe text elementswithout
necessarilyrecognizingthem,cutthemoutof theimage,and

arrangethe resultingbitmapsin readingorderso that they
canbere�owed in theavailabledisplayspace.

While this approacheliminateserrorsandlossesdueto
OCR,it presentsthreesigni�cant challenges:

� Determinationof readingorder
� Locatingthe“atomic” textelementsto betreatedasto-

kens
� Representingtheresultingstreamof elementsin ause-

ful form

The �rst two of theseareproblemsin imageandlayout
analysis,andareconsideredin Section2. Thethird depends
on the targetviewing deviceor platform; Sections3 and4
describea representationsuitablefor aclassof PDAs.

2 Imageand Layout Analysis

Imageandlayoutanalysistransformstheraw document
imageinto a form that is re�owable andcanbemorecom-
pactly representedon hand-helddevices(for further refer-
encesaboutmanyof thetechniquesdescribedin this chap-
ter, thereaderis referredto [2]).

Image analysisbeginswith adaptivethresholdingand
binarization. For eachpixel, we determinethe maximum
andminimumvalueswithin aregionaroundthepixel using
greyscalemorphology. If thedifferencebetweenthesetwo
valuesis smallerthana threshold(determinedstatistically),
theregionis judgedto containonly whitepixels. If thedif-
ferenceis abovea threshold,theregioncontainsbothblack
andwhite pixels, andthe minimum andmaximumvalues
representtheblankink andwhitepaperbackgroundvalues,
respectively. In the�rst case,thepixel valueis normalized
by bringingtheestimatedwhite levelup to theactualwhite
level of the display. In the secondcase,the pixel valueis
normalizedby expandingthe rangebetweentheestimated
white andblack levelsto the full rangebetweenthe white
level andtheblack level of thedisplay. After this normal-
izationprocess,a standardthresholdingmethodcanbeap-
plied.

1



In thethresholdedimage,connectedcomponentsarela-
beledusing a scanalgorithm combinedwith an ef�cient
union-�nd datastructure. Then,a boundingbox is deter-
minedfor eachconnectedcomponent.This resultsin acol-
lection of usuallyseveralthousandconnectedcomponents
perpage.Eachconnectedcomponentmayrepresentasingle
character, a characterpart,a collectionof touchingcharac-
ters,backgroundnoise,or partsof a line drawingor image.
Theseboundingboxesfor connectedcomponentsaretheba-
sisof thesubsequentlayoutanalysis.

For layout analysis,we are primarily interestedin the
boundingboxescorrespondingto charactersin therunning
text of the document,aswell as in a few other pageele-
mentslike headers,footers,andsectionheadings.We are
interestedin theseparticularboundingboxesbecausethey
give us importantinformationaboutthe layoutof thepage
thatwe needfor re�owing it. In particular, thesebounding
boxesandtheirspatialarrangementcantell uspagerotation
andskew, wherewe �nd columnboundaries,what tokens
we shouldconsiderfor token-basedcompression,what the
readingorderis, andhow text should�ow betweendiffer-
entpartsof thelayout.Boundingboxesthatarenotfoundto
represent“text” in this �ltering operationarenot lost,how-
ever. Theycanlaterbeincorporatedinto theoutputfrom the
systemasgraphicalelements.

The dimensionsof boundingboxesrepresentingbody
text are found usinga simplestatisticalprocedure. If we
considerthe distributionof heightsasa statisticalmixture
of variouscomponents,for mostpagescontainingtext, the
largestmixture componentis going to be from lower case
lettersat thepredominantfont size.We usethis sizeto �nd
thex-heightof thepredominantfont andusethisdimension
to �lter out boundingboxesthatareeithertoo smallor too
largeto representbodytextor standardheadings.

Givena collectionof boundingboxesrepresentingtext,
we are interestedin �nding text lines andcolumnbound-
aries. The approachused in the prototype systemfor
identifying text lines and column boundariesrelies on a
branch-and-boundalgorithmthat�nds maximumlikelihood
matchesagainstline modelsundera robustleastsquareer-
ror model(equivalently, aGaussiannoisemodelin thepres-
enceof spuriousbackgroundfeatures)[1]. Text line models
aredescribedby threeparameters:the angleandoffset of
the line, andthedescenderheight. Boundingboxeswhose
alignmentpoint, thecenterof their bottomside,restseither
ontheline or atadistancegivenby thedescenderheightbe-
low it, areconsideredto matchtheline; matchesarepenal-
ized by the squareof their distancefrom the model,up to
a thresholdvalue � , usuallyof theorderof �ve pixels. Af-
ter a text line hasbeenfound, the boundingbox of all the
connectedcomponentsthatparticipatedin thematchiscom-
puted,andall otherconnectedcomponentsthat fall within
that boundingbox areassignedto the sametext line; this

“sweepsup” punctuationmarks,accents,and“i”-dots that
would otherwisebemissed.Within eachtext line, multiple
boundingboxeswhoseprojectionsonto thebaselineover-
laps are merged; this resultsin boundingboxesthat pre-
dominantlycontainoneor morecharacters(asopposedto
boundingboxesthatcontaincharacterparts).Theresulting
boundingboxesarethenorderedbythe � -coordinateof their
lowerleft cornerto obtainasequenceof characterimagesin
readingorder. Multiple text linesarefoundusinga greedy
strategy, in which�rst thetopmatchis identi�ed, thebound-
ing boxesthatparticipatedin thematchareremovedfrom
furtherconsideration,andthenextbesttextline is found,un-
til nogoodtext line matchescanbeidenti�ed anymore.

This approachto text line modelinghasseveraladvan-
tagesover the traditional projection or linking methods.
First, different text lines can have different orientations.
This is a commonscanningartifact. Second,by takinginto
accountboth thebaselineandthedescenderline, the tech-
niquecan�nd text lines that aremissedby othertext line
�nders. Third, thematchesreturnedby themethodfollow
the individual text lines more accuratelythan most other
methods[1].

Column boundariesare identi�ed in an analogous
manner, by �nding globally optimal maximumlikelihood
matchesof the centerof the left side of boundingboxes
againsta line model. In orderto reducebackgroundnoise,
prior to applying the line �nder to the column �nding
problem, statistics about the distribution of horizontal
distancesbetweenboundingboxesareusedto estimatethe
inter-characterand inter-words spacing (the two largest
componentsin the statistical distribution of horizontal
bounding box distances),and boundingboxes for char-
actersare merged into words. This reducesthe number
of boundingboxesthat needto be consideredfor column
matchingseveralfoldand therebyimprovesthe reliability
of columnboundarydetection.

Basedon the precedinganalysissteps,the systemnow
hasa collectionof text lines andcolumnboundaries.Any
connectedcomponentsthat are not part of a text line are
groupedtogetherandtreatedasimages.Forasinglecolumn
document,by enumeratingtext linesandboundingboxesof
imagesin orderof their � -coordinates,weobtainasequence
of characters,whitespace,andimagesin readingorder. For
a doublecolumndocument,thetwo columnsaretreatedas
if theright columnwereplacedundertheleft column.

Thissimplelayoutanalysisalgorithmcopeswith a fairly
wide numberof commonlyfound layoutsin printeddocu-
mentsand transformtheminto a sequenceof imagesthat
can be re�owed and displayedon a handhelddevice. In
part,asimplealgorithmworkswell in theseapplicationsbe-
causethe requirementsof re�owing for a handhelddocu-
mentreaderarelessstringentthanfor otherlayoutanalysis
tasks,like renderinginto a word processor. Sincetheout-
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(a) (b) (c)

Figure 1. A page from Jepson' s A FLORA OFCALIFORNIA

put of the layout analysiswill only be usedfor re�owing
andnot for editing,no semanticlabelsneedto beattached
to text blocks. Becausethe documentsare re�owed on a
smallscreen,thereis alsonouserexpectationthatarender-
ing of theoutputof thelayoutanalysispreciselymatchthe
layoutof theinputdocument.Furthermore,if pageelements
like headers,footers,or pagenumbersareincorporatedinto
theoutputof thelayoutanalysis,userscaneasilyskip them
duringreading,andsuchelementsmayserveasconvenient
navigationalsignpostsonthehandhelddeviceaswell. Even
someerrorsin layout analysis,like misattributinga �gure
captionto the body of a text, canbe toleratedby readers.
However, for very complexlayouts,asfound,for example,
in magazines,moresophisticateddocumentlayoutanalysis
techniqueswill havetobeappliedin ordertoarriveataread-
ablerenditionon thehandhelddevice.We arecurrentlyex-
ploring the applicationof otherlayout analysistechniques
developedin our lab to this problem.

3 DocumentFormats

Theresultof thedecompositionprocessdescribedabove
is a sequenceof text imagesand illustrations,along with
metainformationaboutformattingsuchasparagraphbreaks
andline justi�cation. Many existingWebformatsarewell-
suitedfor representationof suchdata.

HTML[6], the standardfor the World Wide Web, sup-
portsthelayoutin readingorderof asequenceof imageele-
ments,alongwith formattinginformation.Thesuccessorto
HTML, XHTML[7 ], usesthe morerigorousXML syntax,

butprovidesthesamefunctionality. A groupof commercial
electronic-bookinterestsarealsode�ning theOpeneBook
PublicationStructure[4], which alsousestheXML syntax,
incorporatesthe XHTML functionality, addsthe ability to
packagemultiple XHTML �les into a single publication,
andprovidesstandardsfor additionof documentmetadata.

Figure1(a)showsa samplepagefrom Willis Linn Jep-
son'sA FLORA OFCALIFORNIA[3], animportantschol-
arly work in the�eld of botany, in which typefaceandrela-
tive typesizechoicesaresigni�cant. Oncedecomposedinto
imageelements,the logical connectionsbetweenthoseel-
ementscanberepresentedwith HTML. Figure1(b) shows
anHTML representationof thedecompositionof theJepson
pagerenderedin astandardWebbrowser, with boxesdrawn
aroundindividual imageelements.1 Figure1(c) showsthat
samepage,butwithout theboundingboxesaroundtheele-
ments.Note that fontsandandsomecharacteristicsof the
original pagehavebeenretained,which would not be the
casefor anOCR-basedtransitionstrategy.

4 ReaderApplications

A problemwith all of theWebformatsis thata decom-
poseddocumentwill typically consistof hundredsof thou-
sandsof separate�les. This con�guration tendsto strain
thecapabilitiesof underlyingtechnologysupportplatforms.
Token-basedcompressionschemes[5] canmakethis prob-

1The illustrationshavebeenmanuallyremovedfrom theoriginal, and
manuallyre-insertedinto this version.Weareinvestigatingwaysof doing
thisautomatically.
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Figure 2. The Jepson page rendered by Mi­
crosoft' s Reader electr onic book viewer

lemsomewhatmoremanageable,butcannotreallysolveit.
Mostelectronic-bookdocumentformats,however, alleviate
thisproblemby packagingtheimageelementstogetherwith
thelayoutdirectivesin a single�le.

Dozensof electronicbook formatsexist, amongthem
MicrosoftReader, AdobeAcrobatReader, PalmReader, and
Gemstar'sRCA 1100and1200formats.Our systemof de-
composedimageelementscanbesupportedby most(prob-
ably all) of theseformats. Figure4 showsan exampleof
theJepsonpagedisplayedin Microsoft'sReaderviewerpro-
gram. This wasachievedby renderingthedecomposedel-
ementsinto OpeneBookPublicationStructure,thenusing
theOverdriveReaderworksdistiller for Readerto createthe
electronicbook. Similar approachesseemto suf�ce for all
of theotherpopularelectronicbookformats.

Commonelectronicbook formats, and the associated
viewer applications,are optimizedfor `books' consisting
mainlyof text,with occasionalimages.Thiscanleadtoper-
formanceproblemsin boththetimeandspacedomains.Mi-
crosoftReaderversion12, for example,runningon a 500
MHz PentiumIII machine,takesapproximately20seconds
to lay out anddisplay the �rst pageof the Jepsonsample
shownabove. But anothersystemcalled `Plucker' 3 pro-
vides timely layout and scrolling of the converteddocu-
ment,andaveragesonly 70KB perconvertedpage.We are
currentlyinvestigatingalternativestorageformatsandlay-
out/displaytechniquesoptimizedfor thisclassof electronic

2seehttp://www.microsoft.com/reader/
3seehttp://www.plkr.org/

book.

5 Summary and Conclusions

We beganwith theobservationthatdocumentsthatorig-
inateashigh-resolutionpageimagesmustbeconvertedfor
display on hand-helddevices,whosescreensoften differ
fromtheirdesktopcounterpartsin size,depth,andaspectra-
tio. Wehavedescribedasystemfor performingtheconver-
sionthatis particularlyeffectivewhenthedocumentis pre-
dominantlytextual.

Our systemhasseveralstrengths.First, it achievesre-
�owing of the text without requiring the brittle andcom-
putationallyexpensiveprocessof text recognition.Second,
the transformedrepresentationcanberealizedusingexist-
ing descriptionprotocols,suchasHTML andthe popular
electronicbookformats.Third,by basingtherepresentation
on imagefragmentsfrom theoriginal, importantvisualas-
pectssuchastypefacearefaithfully preserved.Finally, the
approachis directly amenableto token-basedcompression
schemes(future work), raisingthe prospectof greatlyen-
larging the amountof suchmaterialthat maybe storedon
asinglePDA.
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